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Statements from 2016–2018 Conference  
Planning Committee Members

Catherine T. Ortega Klett, NM WRRI (retired)
It was a privilege to help coordinate the first three conferences associated with the Animas and San Juan 
Watersheds that took place in 2016, 2017, and 2018. After the Gold King Mine spill in August of 2015, there 
was a clear need to hold a public forum that would bring together academics, agencies, local representatives, 
and community members to discuss the issues surrounding the spill and ongoing monitoring efforts.  

A very active and dedicated planning committee was put together and worked throughout the year to design 
conference programs that addressed the data and research focused on impacts of the spill. Each year the 
program included a session open to the public at no charge that encouraged people to voice their concerns 
and questions. In 2018 the open session, referred to as a Teach-In, took place at the Navajo Shiprock Chapter 
House. The public turnout at all of these events showed the keen interest of the community and their desire 
to learn from the researchers and technical staff involved in the ongoing research. 

The conferences included field trips with guided tours focused on the geology, mining, agriculture, and 
water resources issues in the watersheds of northern New Mexico and southwestern Colorado. I will always 
remember these tours fondly as a true learning experience that included spectacular views of this gorgeous 
region. These proceedings provide background information, project summaries, and several papers that 
were presented at the conferences. It is my hope that the proceedings contribute to the understanding and 
communication of the impacts of the Gold King Mine spill and other relevant water quality issues that 
continue to be studied. 

U.S. Environmental Protection Agency
EPA appreciated the opportunity to participate in the planning committee because these conferences 
provided a forum for discussions amongst a diverse suite of entities. Opportunities for real world 
demonstrations prove to garner consistent interest among participants (e.g., field trips and water quality 
collection demonstrations).
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Paul Montoia, City of Farmington
The 2015 Gold King Mine release caught everyone in the Animas River watershed completely off guard. This 
event raised questions by citizens, local/county governments, and the Native American community about the 
quality of water from the Animas River and how long this event would continue. There was a deep concern 
by the public and local governments to know all sides of this event. 

One avenue to keep the public and local officials informed during the dark period of this event was 
through the education that these annual forums provided. The experts addressed the issues in a way easily 
understood by all. The stakeholders may not have agreed with the analysis but were given an opportunity to 
address their concerns. It is quite amazing the varied, and valuable, information these forums provided from 
local, state, and federal experts and how willing they were to share this information and to answer questions.

There is no question the successes of these forums were the result of stakeholders working together with 
federal, state, Native American, and local governments to address this issue.

Stacy Timmons, NM Bureau of Geology & Mineral Resources
New Mexico faces numerous water challenges in having enough water for our myriad of uses, being the state 
with the least amount of water in the country. Therefore, when water quality concerns arise, with possible 
impacts to this very limited resource, we pay attention. When the Gold King Mine spill occurred in 2015, 
visibly changing the quality of the water flowing through the Animas River in New Mexico, questions arose 
about potential impacts to people, plants and animals, as well as potential longer term impacts to water 
resources and the environment. While this region had some basic research and monitoring in the area, little 
scientific knowledge was available about the water and its basic interactions as it moves through the region. 
This event, while very emotionally disturbing and economically impactful, also provided an opportunity 
- the opportunity to raise awareness and understanding of the Animas River water and its importance and 
interconnections through the watershed. 

Through the research projects undertaken with various grants funded through the NM Environment 
Department and others, and the collaboration with NM WRRI, many of the biggest water questions were able 
to be addressed. Most importantly, the research conducted was made available to the community through 
workshops and presentations held in the area. This is how applied research projects of this nature should be 
done, and brought back to the communities impacted. The presentations provided through the NM WRRI 
leadership continues to be a valuable resource to the regional body of scientific knowledge. 



Environmental Conditions of the Animas and San Juan Watersheds 

iii

Johanna Blake, U.S. Geological Survey

The Animas and San Juan Watersheds Conference has provided an excellent opportunity for scientists, 
regulators, and community members to share information about issues in these watersheds. These issues 
have included biogeochemical water quality and sediment quality, sediment concentrations in water, and 
the effects contaminated water has on plants. Efforts at monitoring and scientific investigations since the 
Gold King Mine release in 2015 have identified further questions in the Animas and San Juan Rivers that go 
beyond the release of metals from a single spill. For example, the Navajo Nation EPA has identified areas of 
elevated metal concentrations along the San Juan River not associated with the Animas River. In addition, the 
conference has helped to build new collaborations that continue to move forward in understanding issues 
in these watersheds. The Animas and San Juan Watersheds Conference has been an important contributor to 
furthering ongoing collaboration and understanding these two important watersheds.

Kevin A. Lombard, New Mexico State University 
Northwest New Mexico has 150,000 irrigated acres held within three watersheds: the Animas, La Plata, 
and San Juan. These river systems irrigate a diverse array of crops and nurture livestock, supporting the 
diverse livelihoods and cultures of gardeners, farmers and ranchers of all scale, from backyard to the largest 
contiguous farm in North America, the Navajo Agricultural Products Industry (NAPI), at over 70,000 acres. 
The Gold King Mine Spill of 2015 was a turning point in interagency cooperation in northwest New Mexico. 
The unprecedented collaboration between multiple agencies, colleges and universities, state and tribal 
entities, citizen scientists and the body of research held herein examining the Animas River, post spill, is 
helping to broaden our understanding of the greater San Juan River watershed and the interconnectivity of 
upstream and downstream users. 
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Demonstrating BMP Effectiveness with Microbial  
Source Tracking and Host Fecal Score

Mauricio Larenas
Source Molecular Corporation, FL
mlarenas@sourcemolecular.com

ABSTRACT

Stakeholders in the Animas and San Juan 
watersheds routinely measure, among others, 
E. coli concentrations in the rivers. Microbial 
source tracking (MST) has been used to identify 
sources of contamination. MST markers, being 
specific to their targeted fecal sources, can 
specifically demonstrate if a particular source 
has been mitigated by the BMP even if FIB levels 
show little change. Additionally, a site human 
fecal score (HFS) has been developed by a team 
of researchers, from the U.S. Environmental 
Protection Agency, Southern California Coastal 
Water Research Project (SCCWRP), and Stanford 
University, to objectively assess the extent of 
human fecal contamination at a site using a 
standardized mathematically defined approach. 
The HFS gives a simple and intuitive way to assess 
and communicate BMP effectiveness by providing 
a score before and after BMP implementation.

INTRODUCTION

The most common pollutants and water quality 
problems reported in New Mexico include 
bacteria, nutrients, sediment, toxic metals and 
PCBs. The state is tasked under the Clean Water 
Act (CWA) to monitor all of its waterways, present 
that information to the public and restore polluted 
waters. The San Juan Soil & Water Conservation 
District (SWCD) noted that in recent years, 

the Animas and San Juan rivers have exceeded 
recommended limits of bacteria and nutrients in 
numerous locations.

Stakeholders in the Animas and San Juan 
watersheds routinely measure, among others, 
E. coli concentrations in the rivers. E. coli is one 
of the three most common causes of river and 
stream water quality impairments based on stream 
mileage in New Mexico.

Water quality issues often make headlines, 
increasing pressure on watershed managers to fix 
the problem. In addressing fecal contamination, 
watershed managers have traditionally turned 
to fecal indicator bacteria (FIB) in monitoring 
the presence of fecal matter in environmental 
waters. The chain of inference in water quality 
monitoring generally assumes that FIB in the 
water means there is waste. Waste is assumed to 
be human waste, which is understood to have 
pathogens. Pathogens are the organisms that can 
cause diseases. But the chain is broken when the 
assumptions aren’t correct. 

FIB are generally not pathogens themselves. FIB 
can come from a lot of sources - humans, animals, 
plants, soil, and biofilm. The public health risk 
changes from the different sources. This makes 
FIB an unreliable surrogate for pathogens and an 
ineffective tool to assess fecal contamination in 
areas where multiple sources exist.

P a p e r s
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MICROBIAL SOURCE TRACKING

The San Juan SWCD and its partners, including 
the San Juan Watershed Group, have been working 
to identify the sources of pollution in local rivers. 
Watershed managers recognize that it is difficult to 
implement mitigation measures without knowing 
exactly where the bacteria came from. One of the 
technologies used to identify bacteria sources is 
microbial source tracking (MST).

MST is a set of methods used to identify the 
bacteria source. The technology analyzes gut 
bacteria and looks for genetic markers that are 
unique to specific hosts. The unique microbial 
DNA sequences are used as markers in PCR assays 
for the detection of fecal contamination in water for 
that particular source.

Genetic testing has been used in other industries 
such as forensics and food. It’s been dubbed as the 
new gold standard in forensic science and used by 
the Centers for Disease Control and Prevention in 
finding the source of E. coli outbreaks.

Genetic technology provides answers to questions 
such as where is the pollution coming from, who 
is responsible, and how to evaluate effectiveness of 
best management practices (BMPs). BMPs are used 
to target the identified sources of contamination 
for mitigation. By using MST markers, watershed 
managers can specifically demonstrate if their 
BMPs have been effective in mitigating a particular 
source regardless of the FIB levels.

MST DEVELOPMENT  
& APPLICATIONS

There is a tremendous amount of precedent in 
the utilization of MST technology. MST projects 
are being conducted all over the United States. It 
has achieved national validation and recognized 
in projects such as the State of California Source 
Identification Pilot Project (SIPP) Method 
Evaluation Study, where they developed a source 
identification manual that includes MST. An MST 
laboratory in Florida has also been accredited by 
the International Organization for Standardization 
(ISO), in further recognition of the testing methods. 
Moreover, an objective interpretation of MST 
results have also been developed by a team 
of researchers to remove biases found in best 
professional judgment (BPJ).

MST is also being applied at each stage in the 
Clean Water Act. The primary objective of the 
Clean Water Act is to restore and maintain the 
integrity of the nation’s waters. The water quality-
based approach of the CWA includes assessing the 
waters, listing impaired and threatened waters, 
and developing the Total Maximum Daily Load 
(TMDL). DNA analysis of water samples is also 
being accepted in stormwater permitting. 

The Georgia Department of Natural Resources, 
for example, indicated in its Authorization to 
Discharge Under the National Pollutant Discharge 
Elimination System (NPDES) Storm Water 
Discharges Associated with Industrial Activity 
that scientific testing, such as DNA analysis, 
may be used to document that bacteriological 
constituents found in stormwater discharges from 
the facility are not present as a result of industrial 
activity at the site or are below the impaired waters 
benchmark for fecal coliform.

Planning an MST project involves careful 
selection of sampling sites, sampling events and 
tests. Sampling sites must be selected based on 
fecal bacteria hotspots and must represent the 
watershed’s spatial variability. Samples must be 
collected near physical sources. Sampling events 
should occur during wet and dry weather and 
should take into account seasonal changes. There 
must be a significant number of sampling events 
to represent temporal variability. In choosing the 
tests, focus should be given on anthropogenic 
sources such as human, dog, and agriculture. If 
wildlife is the most likely source, then test for birds 
and deer.

MST CASE STUDIES

Martin County, FL 
MST is useful in site prioritization as demonstrated 
by a project conducted by Martin County in 
Florida. The County identified high levels of fecal 
contamination at an estuary that had a septic 
system. They had an assessment and determined 
that they need to switch the septic system into 
a sewer system. They hired a consultant who 
calculated that the system change was going to 
cost the County at least $138 million. The County 
did not have the money on hand do this so they 
developed a 100-year plan to implement the 
change. Their problem was how to begin in a way 



Demonstrating BMP Effectiveness with Microbial Source Tracking and Host Fecal Score

Environmental Conditions of the Animas and San Juan Watersheds 

3

that would have a positive impact on the water 
quality. The County determined that they needed 
to rank the sites in order to know which sites to 
prioritize. They used MST markers to do the site 
ranking. Out of 25 geographic sites, the County 
was able to identify two principal areas where 
they would have the biggest impact on the human 
waste in the estuary. This could only be achieved 
with MST and not legacy technologies.

Boston, MA 
The first ever effectiveness assessment of an 
MS4 Illicit Discharge Detection and Elimination 
(IDDE) program used DNA markers. It was for 
a study that won an award from the National 
Association of Clean Water Agencies (NACWA). 
The MST study is entitled “Utilizing DNA Markers 
for Identification of Human and Non-Human 
Fecal Sources in Urban Stormwater.” GeoSyntec 
Consultants designed and led the MST study for 
the Boston Water and Sewer Commission (BWSC). 
BWSC maintains the City of Boston’s water and 
sewer services and continues to implement one 
of New England’s most rigorous IDDE programs 
throughout their Municipal Separate Storm 
Sewer System (MS4). As an additional proactive 
measure, BWSC retained GeoSyntec to determine 
whether and where bacteria in their MS4 outfalls 
and interconnections are due to human versus 
non-human sources and to evaluate ongoing 
IDDE program efficiency. GeoSyntec developed 
a hypothesis-driven study that assesses bacteria 
and nutrient sources to and within BWSC’s MS4. 
GeoSyntec also assessed the spatial/temporal 
patterns of these pollutants, and the reliability 
of conventional and EPA-recommended IDDE 
indicators. The study incorporated the latest and 
most proven analytical tools. This includes droplet 
digital quantitative PCR for human and non-
human DNA markers.

Santa Barbara, CA 
In California, MST technology helped Santa 
Barbara not only to identify pollution sources at 
their beaches but also to measure the impact of 
their best management practices (BMP). Under 
a Clean Beaches Initiative grant, Santa Barbara 
used MST to identify what was causing the high 
levels of fecal pollution in their beaches. They 
found out that one of the major contributors were 
dogs. One of the BMPs they carried out was an 
outreach program where they went door to door 
and encouraged dog owners to pick up after their 
dogs. After implementing this BMP, Santa Barbara 

conducted further MST analysis to determine if 
their outreach program was effective in reducing 
the dog fecal bacteria in the water.

HUMAN FECAL SCORE

BMP effectiveness can also be demonstrated 
using a site human fecal score (HFS). The HFS 
has been developed by a team of researchers, 
from the U.S. Environmental Protection Agency, 
Southern California Coastal Water Research Project 
(SCCWRP), and Stanford University, to objectively 
assess the extent of human fecal contamination at 
a site using a standardized mathematically defined 
approach. 

MST data is usually interpreted using best 
professional judgment (BPJ) but a study showed 
that there is a high level of inconsistency among 
experts. For that reason, researchers sought to 
remove bias in MST data interpretation and 
reduce it into a single number that statistically 
integrates all human fecal marker data from all 
samples at a given site. All data means those that 
are quantifiable, detected but not quantifiable, 
and non-detect because even non-detects contain 
valuable information. 

The HFS gives a simple and intuitive way to assess 
and communicate BMP effectiveness by providing 
a score before and after BMP implementation. This 
approach can also be applied to other fecal host 
sources, for example, a cow fecal score if a cow 
fecal MST marker is used in place of the human 
fecal MST marker. The use of these advanced 
technologies therefore can provide effective 
evaluation of BMP performance, and inform 
selection and implementation of BMP to obtain 
highest benefit of protecting public health with 
lowest cost of BMP implementation. 
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NMBGMR AML Project: Characterization of Inactive/
Abandoned Mine (AML) Features in New Mexico 

and Southern Colorado

Virginia T. McLemore1

1New Mexico Bureau of Geology and Mineral Resources, New Mexico Institute 
of Mining and Technology, Socorro, NM 87801

Marcus Silva2, Navid Mojtabai2

2Department of Mineral Engineering, New Mexico Institute of Mining 
and Technology, Socorro, NM 87801

John Asafo-Akowuah3

3Aurifer Consulting, Accra Digital Center, Ring Road West, Accra, Ghana

ABSTRACT

Abandoned mine lands (AML) are lands that 
were mined and left un-reclaimed where 
no individual or company has reclamation 
responsibility and there is no closure plan in 
effect. These may consist of excavations, either 
caved in or sealed, that have been deserted and 
where further mining is not intended in the near 
future. The New Mexico Bureau of Geology and 
Mineral Resources (NMBGMR) and the Mineral 
Engineering Department at New Mexico Tech is 
conducting research to develop a better procedure 
to inventory and characterize legacy, inactive, or 
abandoned mine features in New Mexico. Many 
of these mine features do not pose any physical or 
environmental hazard. However, other inactive 
or abandoned mine features can pose serious 
health, safety and/or environmental hazards, 
such as open shafts and adits (some concealed by 
deterioration or vegetative growth), tunnels and 
drifts that contain deadly gases, radon, highwalls, 
encounters with wild animals, and metal-laden 

waters, locally acidic. Other sites have the potential 
to contaminate surface water, groundwater and air 
quality. Heavy metals in mine waste piles, tailings 
and acid mine drainage can potentially impact 
water quality and human health. The results of our 
study will prioritize the mine features in selected 
mining districts in New Mexico for safe guarding 
and remediation and determine if mine wastes 
are suitable for backfill and cover material. Many 
of the mine features in the districts examined so 
far are shallow prospect pits and short adits, but 
approximately 20-30% have physical hazards 
(open shafts, adits) and require safeguarding. 
Most of the waste rock piles surrounding the mine 
features are suitable for backfill material. Samples 
from the Silverton area, Colorado and the Jicarilla 
district, New Mexico have potential for generating 
acid and these materials need to be handled as 
such. Most mine features examined so far in these 
districts are stable, but a few have collapsed near 
the entrances. There is future mineral-resource 
potential for minerals in some of these districts.
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INTRODUCTION

Legacy issues of past mining activities forms 
negative public perceptions of mining, and inhibits 
future minerals production in the state. Some 
legacy mines have the potential to contaminate the 
environment; the Gold King uncontrolled release 
into the Animas River is a recent example. At the 
time the General Mining Law of 1872 was written, 
there was no recognition of the environmental 
consequences of discharge of mine and mill wastes 
or the impact on drinking water and riparian and 
aquatic habitats. Miners operating on federal lands 
had little or no requirement for environmental 
protection until the 1960s-1970s, although the 
dumping of mine wastes and mill tailings directly 
into rivers was halted by an Executive Order in 
1935. It is important to recognize that these early 
miners were not breaking any laws, because there 
were no laws to break, but legacy issues still exist 
and should be remediated.

The New Mexico Bureau of Geology and Mineral 
Resources (NMBGMR) has been examining 
environmental effects of mine waste rock piles and 
tailings throughout New Mexico since the early 
1990s (http://geoinfo.nmt.edu/staff/mclemore/
projects/environment/home.html). There are 
tens of thousands of inactive or abandoned mine 
features in 274 mining districts in New Mexico 
(McLemore, 2017; including coal, uranium, metals, 
and industrial minerals districts), and many more 
in Colorado. However many of these inactive 
or abandoned mines have not been inventoried 
or identified as needing reclamation. The New 
Mexico Abandoned Mine Lands (AML) Bureau of 
the New Mexico Mining and Minerals Division 
(NMMMD) estimates that there are more than 
15,000 abandoned mine features in the state (http://
www.emnrd.state.nm.us/MMD/AML/amlmain.
html). The New Mexico AML Program has safe 
guarded over 2,300 mine openings since inception 
in 1981 in about 250 separate construction 
projects (some of which were focused on coal 
gob reclamation and not safe guarding). The U.S. 
Bureau of Land Management (BLM) recently 
estimated that more than 10,000 mine features 
are on BLM lands in New Mexico and only 705 
sites have been reclaimed (http://www.blm.gov/
wo/st/en/prog/more/ Abandoned_Mine_Lands/
abandoned_mine_site.html). The U.S. Park Service 
has identified 71 mine features in seven parks in 
New Mexico, of which 12 have been mitigated 

and 34 require mitigation (https://www.nps.
gov/subjects/abandonedminerallands/upload/
NPS_AMLinv-2013-1231-2.pdf). Additional sites 
have been reclaimed by the responsible mining 
companies or the Superfund program (CERCLA). 
Data in the NMBGMR mining archives suggest 
that these numbers are minimal conservative 
estimates of the actual number of un-reclaimed 
mine features in the state.

The NMBGMR has collected published and 
unpublished data on the districts, mines, deposits, 
occurrences, and mills since it was created in 
1927 and is slowly converting this historical 
data into a relational database, the New Mexico 
Mines Database (McLemore et al., 2005a, b). 
More than 8,000 mines are recorded in the New 
Mexico Mines Database and more than 7,700 
are inactive or abandoned. These mines often 
include two or more actual mine features. Most 
of these mine features do not pose any physical 
or environmental hazard. Some of these inactive 
or abandoned mine features can pose serious 
health, safety and/or environmental hazards, 
such as open shafts and adits (some concealed by 
deterioration or vegetative growth), tunnels and 
drifts that contain deadly gases, radon, highwalls, 
encounters with wild animals, and metal-laden 
waters, locally acidic. Other sites have the potential 
to contaminate surface water, groundwater and air 
quality. Heavy metals in mine waste piles, tailings 
and acid mine drainage can potentially impact 
water quality and human health.

Many state and federal agencies and mining 
companies have mitigated many of the physical 
safety hazards by closing some of these mine 
features, but very few of these reclamation efforts 
have examined the long-term environmental 
effects. There is still potential for environmental 
effects long after remediation of the physical 
hazards, as found in several areas in New Mexico 
(for example Terrero, Jackpile, and Questa mines). 
Understanding these effects involves petrographic 
studies and some of these observations only 
come from detailed geochemical and electron 
microprobe studies that are not part of a 
remediation effort.

The NMBGMR in cooperation with the Mineral 
Engineering Department at New Mexico Tech 
and the AML program is conducting research on 
legacy mine features in New Mexico. The objective 
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of our research is to develop a better procedure 
to inventory and characterize legacy, inactive or 
abandoned mine features in New Mexico. This 
project will inventory, characterize, and prioritize 
for remediation the mine features in several 
mining districts in New Mexico. The project 
involves field examination of the mines features 
and collecting data on the mine features (Bureau 
of Land Management, 2014). Samples are collected 
to determine total whole rock geochemistry, 
mineralogical, physical, and engineering 
properties, acid-base accounting, hydrologic 
conditions, particle size analyses, soil classification, 
shear strength testing for stability analysis, and 
prioritization for remediation, including hazard 
ranking. Not only are samples collected for 
geochemical and geotechnical characterization, but 
the mine features are mapped, evaluated for future 
mineral-resource potential, and evaluated for slope 
stability. The results of this study will prioritize the 
mine features in selected mining districts in New 
Mexico for remediation. 

DEFINITION OF ABANDONED  
MINE LANDS

A mine (or mine feature) is any opening or 
excavation in the ground for extracting minerals, 
even if no actual mineral production occurred. 
Abandoned mine lands (AML) are lands that were 
excavated, left un-reclaimed, where no individual 
or company has reclamation responsibility, and 
there is no closure plan in effect. These may consist 
of excavations, either caved in or sealed, that 
have been deserted and where further mining is 
not intended in the near future. AML includes 
mines and mine features left un-reclaimed on 
land administered by Federal, State, private, and 
Native Americans because the current owner was 
not legally responsible for reclamation at the time 
the mine was created. These mine features also 
are called inactive, legacy, and orphaned mines. 
In the NMBGMR AML project we are examining 
mines that are not technically AMLs and may have 
responsible owners that are in the process or have 
remediated the mine.

Note that other agencies have slightly different 
definitions of AML. The Surface Mining and 
Reclamation Act (SMARA) defines abandoned 
surface mined areas as mined lands that meet all of 
the following requirements (Section 2796 (b)(2)(A)
(ii)):

• Mining operations have ceased for a period 
of one year or more.

• There are no approved financial assurances 
that are adequate to perform reclamation in 
accordance with this chapter.

• The mined lands are adversely affected by 
past mineral mining, other than mining 
for coal, oil, and gas, and mineral material 
mining.

California defines abandoned mine as the location 
of any mineral extraction, exploration or borrow 
operation that may include, but is not limited to, 
shafts and adits, buildings and workings, open 
pits, stockpiles, roads, processing areas, waste 
disposal areas, or tailing piles and ponds, and 
which meet all of the following conditions: 

• Mining operations have ceased for a period 
of one year or more.

• There is no interim management plan in 
effect.

The National Orphaned and Abandoned Mines 
Initiative (NOAMI) in Canada defines orphaned 
or abandoned mines as those mines for which the 
owner cannot be found or for which the current 
owner is financially unable to carry out cleanup 
(http://www.abandoned-mines.org/en/). 

METHODS

Field Inventory

Published and unpublished data on existing mines 
and mills within five districts in New Mexico 
(Figure 1) were inventoried and compiled in the 
New Mexico Mines Database (McLemore et al., 
2005a, b; McLemore, 2017). Mines in the Silverton 
area were inventoried by Church et al. (2007). 
Names of types of mineral deposits (i.e., volcanic-
epithermal veins, sandstone uranium deposits, 
etc.) are from Cox and Singer (1986), North and 
McLemore (1986, 1988), McLemore (1996, 2001, 
2017), McLemore and Chenoweth (1989, 2017), and 
McLemore and Lueth (2017). Locations of mines 
were obtained from published reports, files at the 
NMBGMR, and patented mining claims files.
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Known mines and mineralized areas were 
examined and mapped. Mining was by surface 
and/or underground methods (pits, shafts and/
or adits) and waste rock piles are located around 
or near the openings of most of these features. 
Waste rock piles were mapped using a handheld 
GPS and/or measuring tape. Some mines were 
located and described in the literature or mines 
records, but could not be found during the field 
investigation; these features were included in the 
database and identified as not found.

A field inventory form was designed to collect data 
on all mine features during the field examination, 
which were later entered into the New Mexico 
Mines Database. Inventory procedures employed 
are described in Bureau of Land Management 
(2014). Photographs and sketch maps are included. 
Depths of shafts were rarely determined by a 
tape measure; generally depths of shafts were 
estimated by visual, if safe, or by pitching a 
rock into the opening and estimating the depth. 

Figure 1. Location of mining districts examined during this study (McLemore, 2017). 
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Buildings, trash dumps, water wells, springs, and 
other archaeological and water features also were 
inventoried.

Sample Collection

In order to evaluate AML sites, a variety of field 
sampling methods of solid, water, and biological 
media are required, if present. Sampling and 
laboratory analyses are important to: 

• Determine the mineralogy/chemistry of the 
mineral deposit and waste rock, especially 
sulfide minerals, in order to determine if the 
rock is potentially acid generating.

• Understand weathering processes, both at 
the surface and within the waste rock and 
tailings piles, in order to understand the 
effect of weathering on the acid drainage 
potential and the long-term physical stabil-
ity of the rock piles, tailings, and other mine 
features. 

• Identify water quality problems caused by 
drainage and related activities from legacy 
mines. 

• Determine how reactive pyrite and carbon-
ate minerals are in order to evaluate acid 
drainage potential and other water quality 
issues. 

• Determine the suitability of existing waste 
rock piles for backfill material. 

A sample is a representative portion, subset, or 
fraction of a body of material representing a 
defined population (Koch and Link, 1971; Wellmer, 
1989; Davis, 1998; Neuendorf et al., 2005; Downing, 
2008; McLemore et al., 2014). A sample is that 
portion of the population that is actually studied 
and used to characterize the population. Collecting 
a representative sample of waste rock-pile material 
can be difficult because of the compositional, 
spatial, and size heterogeneity of the material. It 
is necessary to define the particle-size fraction of 
the sample required and analyzed, because of the 
immense size heterogeneity in many waste rock 
piles (Smith et al., 2000).

Composite samples of waste rock piles were 
collected, using procedures developed by Munroe 
(1999) and the U.S. Geological Survey (Smith et 
al., 2000; Smith, 2007; McLemore et al., 2014). 
Evenly spaced metal flagging pegs were positioned 
across an entire rock pile at each site marking a 

subsample location. Subsamples are collected with 
a small stainless steel hand trowel or shovel and 
sieved using 0.5 mm mesh into a 5-gallon bucket. 
Approximately two shovels of material were 
collected from each marked location on the waste 
pile. Subsamples are then mixed thoroughly and 
stored in buckets or large plastic bags. Sampling 
equipment is cleaned after sampling each waste 
pile. A subsample of the homogenized, composite 
sample was split for petrographic, mineralogical, 
geochemical and geotechnical analyses. Figure 2 
is a flow chart describing the steps in collecting 
samples and the laboratory analyses performed on 
selected samples.

Laboratory Analyses

Sample preparation  
Laboratory analyses were performed on selected 
samples based upon a combination of criteria 
including the size of the mine waste rock pile 
(i.e., larger piles in the district) and mineral 
composition (i.e., presence of pyrite and/or jarosite 
and other sulfide/sulfate minerals). Selected rock 
chips and fragments from the waste rock piles or 
from outcrops were collected in order to determine 
the mineralogical and chemical composition. 
Sample preparation for different laboratory 
analyses is summarized in Table 1.

Petrographic descriptions and mineralogy  
Petrographic analyses were performed using 
standard petrographic techniques (hand lens 
and binocular microscope); these analyses were 
supplemented by thin section petrography, 
electron microprobe analyses, X-ray diffraction 
(XRD) analyses, and whole-rock chemical 
analyses. Modal mineralogy was estimated using 
standard comparison abundance charts. Mineral 
concentrations and phase percentages, grain size, 
roundness, and sorting were estimated using 
standard charts (Carpenter and Keane, 2016). Data 
will be presented in future reports.

Bulk mineral identification can be used to identify 
minerals present in quantities greater than 
approximately 3%. Estimates of both primary and 
secondary minerals were determined, cementation 
and alteration described, and mineralogy and 
lithology identified (Folk, 1974; Carpenter and 
Keane, 2016). Any special features were noted. 
Altered, unaltered, and mineralized samples, 
including select samples of cement, are powdered 
and analyzed by X-ray diffraction (XRD). 
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Laboratory analysis Type of sample Sample Preparation Method of obtaining accuracy 
and precision

Petrographic analyses Collected in the field, used split 
from chemistry sample

Uncrushed, typically smaller than gravel size 
material used, thin sections made of selected 
rock fragments

Not applicable 

Paste pH and paste 
conductivity 

Collected in the field, used split 
from chemistry sample 

Uncrushed, typically smaller than gravel size 
material used

Use duplicates, compare to 
mineralogical analysis 

Whole-rock chemical 
analysis (XRF, ICP, S/
SO4) 

Collected in the field in separate 
bag, analysis performed on 
powdered sample

Crushed and pulverized Use reference standards and 
duplicates 

Chemical analyses of 
water samples 

Collected in the field in bottles Refrigerated until analyzed Use reference standards and 
duplicates

Particle size analysis Bulk sample collected in the field Sample sieved for each size fraction weighed Not applicable

X-ray diffraction 
(XRD) analyses 

Used select split from chemistry 
sample 

Crushed Compared to detailed analysis by 
electron microprobe

Electron microprobe 
analyses 

Collected in the field or split from 
chemistry sample

Uncrushed, generally rock fragments or soil 
matrix

Use reference standards

Table 1. Summary of sample preparation for different laboratory analyses. XRF–X-ray fluorescence analyses. 
XRD–X-ray diffraction analysis. ICP–Induced-coupled plasma spectrographic analysis.

Figure 2. Sample characterization flow chart.
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Weathered mine waste rock piles typically contain 
some amount of amorphous material that cannot 
be identified by XRD (Smith et al., 2000), but by 
integrating electron microprobe and geochemical 
data this material are characterized. This 
amorphous material typically contains metals that 
can be released into the water and also may form 
clay minerals. This amorphous material in some 
cases acts as a cement.

Paste pH and conductivity 
Paste pH and paste conductivity were determined 
to predict geochemical behavior of mine waste 
rock materials subjected to weathering under 
field conditions and to estimate or predict the 
pH and conductivity of the pore water resulting 
from dissolution of secondary mineral phases 
on the surface of oxidized rock particles. The 
paste conductivity values were converted to total 
dissolve solids (TDS) using standard procedures 
(http://www.chemiasoft.com/chemd/TDS). Data 
for selected samples will be presented in future 
reports.

Geochemistry of solid samples 
Samples underwent multiple analyses such as 
X-Ray Fluorescence (XRF), inductively coupled 
plasma atomic emission spectroscopy (ICP-
AES), and inductively coupled plasma mass 
spectrometry (ICP-MS) at the ALS Laboratory 
Group in Reno, Nevada for evaluation of major 
and trace elements (CCP-PKG03 and Au-ICP21; 
https://www.alsglobal.com/myals/downloads?key
words=Geochemistry+Fee+Schedule&category=b
5b5208b58bc4609bd2fa20f32d820f8. Samples were 
dried, crushed, split and pulverized according 
to standard ALS Laboratory Group preparation 
methods PREP-31; https://www.alsglobal.com/
myals/downloads?keywords=Geochemistry+Fe
e+Schedule&category=b5b5208b58bc4609bd2fa
20f32d820f8). This package combines the whole 
rock package ME-ICP06 plus carbon and sulfur 
by combustion furnace (ME-IR08) to quantify 
the major elements in a sample. Trace elements, 
including the full rare earth elements (REE) suites, 
are performed after three acid digestions with 
either ICP-AES or ICP-MS finish: 1) a lithium 
borate fusion for the resistive elements (ME-MS81), 
2) a four acid digestion for the base metals (ME-
4ACD81) and 3) an aqua regia digestion (ME-
MS42). Gold was analyzed separately (Au-ICP21). 
Chemical analyses will be reported in future 
reports. 

Ongoing control and duplicate samples were 
submitted with each batch of samples submitted. 
Certified standards are commercial standards 
with certified values as determined by round 
robin analyses at numerous certified laboratories. 
Certified standards are expensive, so ongoing 
control samples were analyzed instead. The 
ongoing control samples are standards collected 
by NMBGMR personnel and analyzed by different 
methods over several years of analyses by different 
laboratories. A summary of the quality assurance 
and quality control (QA/QC) is in McLemore and 
Frey (2009). 

X-ray diffraction (XRD) 
X-ray diffraction (XRD) analysis was conducted 
on selected portions of composite mine waste rock 
samples to determine the mineralogy. Samples 
were ground into a well-homogenized material 
with a mortar and pestle, forming a fine powder 
(~75μ/0029 mesh). This was poured into an 
aluminum sample holder and mounted with the 
silicon standard in the XRD instrument. A five-
minute absolute scan analysis was run. Sample 
analyses were performed using an appropriate 
software program. More details are found at 
NMBGMR website (https://geoinfo.nmt.edu/labs/x-
ray/home.html). 

Electron microprobe mineralogical analyses 
Samples were examined using a Cameca SX100 
electron microprobe with three wavelength-
dispersive spectrometers at New Mexico 
Institute of Mining and Technology (NMIMT) to 
characterize compositional, chemical and textural 
characteristics. Samples chosen for microprobe 
analysis were selected based on presence of 
pyrite or other sulfide minerals. Samples cut to 
an appropriate size were placed in 1-inch round 
sample mounting cups, set in epoxy, and cured 
overnight at around 80°C. Once cured, samples 
were first polished using coarse diamond grinding 
wheels and finely polished with diamond powder 
suspended in distilled water. Polished sample 
surfaces were then cleaned using petroleum ether 
and carbon coated to a 200 angstrom thickness. 

Different types of analyses are performed. The 
initial observations of the samples are made using 
backscattered electron imaging (BSE), which 
allowed observation of sample textures, and 
location of high mean atomic number (Z) phases. 
BSE observations are coupled with acquisition of 
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rapid X-ray maps and/or qualitative geochemical 
scans, which allow for qualitative assessment of 
the elements present in a given mineral phase. 
Peaks that appeared on the scans were identified 
using Cameca software. The elements shown by 
the peaks and their relative abundance, based on 
peak height, were used to identify the mineral 
phases. Qualitative scans were carried out using an 
accelerating voltage of 15 kV and a probe current 
of 20 nA. For more information on the electron 
microprobe laboratory see http://geoinfo.nmt.edu/
labs/microprobe/home.html (accessed 6/1/16).

Stability analysis 
Indicators of unstable waste rock piles include: 
lack of vegetation, sloughing, creep, signs of 
failure, tension cracks, and bent fence lines. Most 
waste rock piles are deposited at their angle of 
repose and over the years there has been some 
cementation and compaction. Disturbed samples 
for lab testing will show lower strength than 
what the in-situ materials have. If there is a sign 
of potential for instability in waste rock piles, 
standard strength analyses will be performed. 

Quality control procedures and  
sample security 
Samples were collected, prepared, and analyzed 
according to standard methods for each specific 
laboratory analysis. Samples were collected in the 
field and kept under direct control of the authors 
to avoid contamination. Samples are archived at 
the NMBGMR. Samples collected are complete, 
comparable, and representative of the defined 
population at the defined scale. Precision and 
accuracy are measured differently for each field 
and laboratory analysis (parameter), and are 
explained in McLemore and Frey (2009). Most 
geochemical laboratory analyses depend upon 
certified or on-going reference standards and 
duplicate analyses. The sampling and analysis 
plans for each segment of the field and drilling 
program as well as the control of accuracy and 
precision as defined here, provides a large high-
quality set of observations and measurements that 
are adequate to support the interpretations and 
conclusions of this report. Field and laboratory 
audits by the senior author were performed to 
ensure that standard operating procedures were 
followed.

PRELIMINARY RESULTS

Petrography and Mineralogy

Most rock samples from mine waste rock piles 
exhibit iron-oxide alteration, mostly as pyrite 
replacements by hematite. Pyrite has weathered 
to jarosite in the Silverton and Jicarilla districts. 
Gangue minerals associated with many samples 
include quartz, potassium feldspar, biotite and 
kaolinite. Quartz and potassium feldspar are major 
constituents of the groundmass, whereas quartz 
forms the matrix of the sample. Calcite is abundant 
in only a few districts studied. The destruction and 
replacement of biotite by hematite and quartz in 
some portions of the samples were observed along 
fractures.

Geochemistry of Solid Samples

Average pH values of the mine features ranges 
between 4.9 and 6.6. The pH results indicate 
moderately alkaline to acidic waste rock piles. 
Total dissolved solids (TDS) values calculated were 
between 5.9 and 40 mg/L and these results provide 
an indication of the level of dissolved solids in the 
stream or lakes closer to the waste rock piles. TDS 
values of 1 to 500 mg/L are typical of lakes and 
streams. 

Potential for Acid Rock Drainage

Acid rock drainage is formed when sulfide 
minerals are exposed to oxidizing conditions 
such as weathering. Field characteristics of 
potential ARD in mine waste rock piles include 
identification of pyrite and/or jarosite and low pH. 
The rate of sulfide oxidation depends on reactive 
surface area of sulfide, oxygen concentration and 
solution pH. ARD can be determined by Acid 
Base Accounting (ABA) and Net Acid Generation 
(NAG) Tests. The ABA procedure consists of two 
separate tests; the acid potential (AP) test and 
the neutralization potential (NP) test. ABA was 
calculated and plotted on the ARD classification 
plot for waste rock pile samples from the various 
mines (Sobeck et al., 1978). Results of ABA tests are 
presented in Figure 3. The assumption is that all C 
in the samples are as CaCO3 (no organic carbon) 
and also the NAG pH is equals the measured paste 
pH of the sample. Below are the formula used: 
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AP (kg CaCO3/tonnes) = 31.25 x S (%) 

NP (total C) = 83.3 x C (%), 

NNP = NP – AP, 

NPR = NP/AP

PRELIMINARY CONCLUSIONS 
• Samples that have higher concentrations of 

pyrite are more likely to have a higher acid 
generation capacity. Generally, Acid Poten-
tial (AP) depends on the amount of pyrite 
and other sulfide minerals and Neutralizing 

Potential (NP) depends upon the amount of 
calcite and other acid-neutralizing minerals. 
But, no single component controls the ABA 
and NAG tests.

• A few mine sites examined have potential to 
generate acid drainage and additional mine 
sites are physically dangerous and require 
proper safe guarding.

• Most of the waste rock piles surrounding 
the mine features are suitable for backfill 
material.

• Sulfide oxidation can be slow in some areas 
and metal release can be low, but other 
areas are the opposite—characterization of 
mine wastes is important.

Figure 3. Acid Rock Drainage (ARD) plot of waste rock pile at mines examined during the NMBGMR AML project. 
The results for the waste rock piles from the Little Davie, Lucky Don, Chupadera, and Jeter uranium mines (Socorro 
County), St. Anthony uranium mine (Cibola County), Rosedale and Jicarilla gold mines (Socorro and Lincoln 
Counties) and Silverton gold-silver mines (Colorado) are shown for comparison (unpublished work in progress). 
Results of these mines will be published in future reports. Samples that plot in the uncertain and potential acid 
forming fields are not suitable for backfill material and need to be handled with care during reclamation. Locations of 
mining districts is in Figure 1.
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ABSTRACT

In response to the Gold King Mine (GKM) spill in 
August, 2015, researchers from the New Mexico 
Bureau of Geology and Mineral Resources 
conducted a groundwater investigation with the 
objectives of characterizing the hydrogeologic 
system, investigating groundwater/surface water 
interactions, and assessing the possible impacts 
of the GKM spill to shallow groundwater in the 
Animas Valley, New Mexico. We collected water 
samples from up to 26 wells four times per year 
between January 2016 and June 2017. Water 
chemistry data indicate that shallow groundwater 
is primarily comprised of young river water with 
a small regional groundwater component. As the 
river is mostly a gaining system in the study area, 
the seepage of irrigation water to the subsurface 
through ditches and agricultural fields is the main 
potential pathway for contaminants in the river 
to enter the aquifer. While some groundwater 
samples exhibited high concentrations of 
manganese and iron, there is no evidence that 
the GKM spill impacted groundwater quality. 
Continued monitoring of groundwater quality is 
recommended.

INTRODUCTION

On August 5, 2015, the accidental breech of the 
Gold King Mine (GKM), located in Colorado, 
resulted in the movement of millions of gallons of 
bright orange water through the Animas River in 
northwestern New Mexico. This water, which was 
loaded with dissolved metals and contaminated 
sediments, posed a potential risk to groundwater 
quality in the Animas Valley. In response to the 
spill, researchers at the New Mexico Bureau of 
Geology and Mineral Resources (NMBGMR), 
a research and service division of New Mexico 
Institute of Mining and Technology (NM Tech), 
began a hydrologic assessment of the Animas River 
focused on the alluvial aquifer in New Mexico, 
from the Colorado state line to Farmington, NM 
(Figure 1). The purpose of this project was to 
evaluate possible effects from the mine release on 
the shallow groundwater near the Animas River. 
Accomplishing this required an understanding 
of the seasonal changes to the surface water-
groundwater system and long-term monitoring 
of the groundwater quality conditions along this 
reach of the Animas River. Local domestic wells 
were utilized to measure groundwater levels and 
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Figure 1.The study focused on the reach of the Animas 
River outlined in yellow, from the Colorado-New Mexico 
state line to Farmington. The location of the Gold King 
Mine, the source of the contaminant spill is also shown.

to collect water samples for geochemical analyses. 
This paper describes this study and presents 
results and conclusions, primarily focusing on the 
geochemical analyses. 

THE GOLD KING MINE SPILL  
AND RESPONSE

There is a long history of natural acid rock and 
acid mine drainage in the headwater region of 
the Animas River, along the western San Juan 
Mountains near Silverton, Colorado. For at least 
9,000 years, acidic and metal-laden waters have 
drained into mountain streams, including Cement 
Creek and the upper Animas River (Church et al., 
2007; Yager and et al., 2016). On August 5, 2015, in 
an attempt to repair drainage issues in the Level 7 
adit of the Gold King Mine, workers accidentally 
breached the earthen plug holding back acidic 
water in the vertical mine workings. As the mine 
workings rapidly drained, the released water also 
gained an estimated 490,000 kg (~540 tons) of 
metals and sediment from waste rock piles below 
the mine (U.S. Environmental Protection Agency, 

2017). Cement Creek was soon flooded with 
yellow-orange, sediment laden water from the 
Gold King Mine and surrounding area. This water-
sediment mixture contained high concentrations 
of iron, aluminum, manganese, lead, copper, 
arsenic, zinc, cadmium, and some mercury (U.S. 
Environmental Protection Agency, 2017). Within 
about 3 days, the yellow water had flowed down 
the Animas River to Farmington, New Mexico 
where it entered the San Juan River.

Immediately following the Gold King Mine 
spill, many questions were asked about the 
connection of the Animas River to the surrounding 
groundwater. Could there be contamination of the 
groundwater aquifer along the river? How exactly 
do the groundwater and surface water interact? 
How might Gold King Mine spill sediments 
deposited in the river bed or irrigation ditches 
affect groundwater? 

In August 2015, in collaboration with the U.S. 
Geological Survey, New Mexico Office of the 
State Engineer, and New Mexico Environment 
Department, the New Mexico Bureau of Geology 
and Mineral Resources collected groundwater 
level measurements at over 100 locations along the 
Animas River. The goal of these measurements 
was to identify gaining or losing reaches of the 
river system. Water quality samples were initially 
collected by the U.S. Environmental Protection 
Agency and their contractors in August 2015. 
Using the network of private domestic wells 
established in August 2015, we developed a repeat 
sampling program for groundwater quality and 
groundwater levels along the Animas River valley. 
While long-term research continues in 2018 and 
2019, the summary of this paper is focused on data 
collected from this well network during several 
sampling events between January 2016 and June 
2017. 

REGIONAL GEOLOGY

The geology of the area described here is 
summarized from Craigg (2001), which is part of a 
larger review of the geology found in the San Juan 
Basin. The Animas River in northwest New Mexico 
flows through the northwestern margin of the 
San Juan Basin, which is an asymmetric structural 
depression in the Colorado Plateau province. 
Below and surrounding the alluvial aquifer, the 
geology along the Animas River from Durango 
to Farmington consists of sedimentary rocks of 



Hydrogeochemistry of the Animas River Alluvial Aquifer 
 in New Mexico after the Gold King Mine Spill

Environmental Conditions of the Animas and San Juan Watersheds

19

late Cretaceous to Paleogene age. The Nacimiento 
Formation, which underlies the alluvial aquifer 
throughout most of the study area, consists of 
interbedded gray shale, with discontinuous lenses 
of sandstone, and it interfingers with the Paleocene 
Ojo Alamo Sandstone, which consists of arkosic 
sandstone and conglomerate. The Nacimiento 
Formation is a known aquifer to the north in La 
Plata County, CO (Robson and Wright, 1995) 
and in other areas in the San Juan Basin (Phillips 
et al., 1986). Along the river in the proximity of 
Farmington, outcrops of late Cretaceous (~75 
Ma) Kirtland Shale are found. The Kirtland Shale 
consists of interbedded repetitive sequences of 
sandstone, siltstone, shale and claystone and is 
likely an aquitard, which water cannot easily flow 
through. 

The Animas River from the Colorado-New Mexico 
border flows through Quaternary alluvial deposits, 
which comprises the alluvial aquifer of primary 
interest for this study. The Quaternary alluvium 
is largely made up of sediment eroded from 
Paleogene rocks into which the Animas River has 
incised. While municipal or regional drinking 
water is largely sourced from the Animas River, 
most private domestic wells in the valley rely on 
this alluvial aquifer, with well depths of about 30 
to 60 feet.

THE ANIMAS RIVER

The headwaters of the Animas River originate high 
in the San Juan Mountains, in the Silverton Mining 
District. Two large tributaries, Cement Creek and 
Mineral Creek drain water from this mineral rich 
region and join the Animas River in Silverton. 
These streams account for roughly one-third of 
the observed flow measured in Farmington, NM. 
The Animas flows through the Animas Canyon, 
between Silverton and Durango (roughly 50 miles), 
where it receives flow from numerous smaller 
streams. By the time the river reaches Durango, it 
has more than doubled in volume. Just north of the 
New Mexico-Colorado border, the Florida River 
joins the Animas River. By the time the Animas 
enters New Mexico the river discharge is roughly 
equal to the flow measured at Farmington, NM, 
(~300 cfs at baseflow). The Animas River meanders 
roughly 40 miles from the New Mexico border, 
to Farmington, where it joins the San Juan River. 
The San Juan River flows an additional ~180 miles 
through New Mexico and Utah before discharging 
into Lake Powell.

The discharge of the Animas River fluctuates with 
the seasons. In Farmington, just upstream of where 
the Animas River joins the San Juan River, the U.S. 
Geological Survey has recorded over 90 years of 
river discharge measurements. The median daily 
discharge varies from 208 cfs at its lowest, to nearly 
3000 cfs at its peak. In general, the river discharge 
begins to rise slowly in April as early snow melt 
enters the river. Discharge continues to increase 
throughout May as temperatures in the mountains 
feeding the headwaters rises, melting more snow. 
The river typically reaches peak discharge between 
late May and mid-June as the main pulse of 
snowmelt moves through the river. The discharge 
declines through late summer as the snowpack 
diminishes. Throughout the late summer, river 
discharge often rises rapidly as result of monsoon 
storms, before ebbing back to previous levels. By 
late August the river has returned to a baseflow. 
The river is often lowest during early fall as result 
of diversions for water supply and irrigation, and 
higher evapotranspiration rates. Moving into fall 
and winter the river remains relatively steady at 
roughly 300 cfs.

GROUNDWATER FLOW CONDITIONS

Groundwater flow conditions discussed in 
this section are based on groundwater level 
measurements from this study. A more detailed 
discussion about groundwater levels is provided 
by Newton et al. (2017). The general groundwater 
flow direction along this reach of the Animas 
River is from northeast to southwest and toward 
the river. Groundwater level fluctuations in the 
majority of measured wells were observed to be 
controlled by either river stage or irrigation. Water 
level fluctuations in many wells in close proximity 
to the river showed a strong correlation to river 
stage fluctuations, with peak water level elevations 
occurring in June when river stage is high due to 
snowmelt from the high mountains. Groundwater 
level fluctuations in many other wells throughout 
the area correlated with the timing of irrigation. 
When the irrigation ditches are first filled in late 
March, the groundwater level begins to rapidly 
rise and continues to rise through June, and 
generally doesn’t reach its maximum until late 
July. Groundwater levels typically remain elevated 
in these wells until the end of the irrigation season, 
when the ditches are shut off. At this point, there is 
a sharp drop in groundwater levels as the ditches 
are no longer supplying water to the alluvial 
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aquifer. The declining leg of these hydrographs 
flattens as the groundwater level approaches 
equilibrium before the irrigation season begins 
again. These data indicate that river water that is 
diverted to irrigation ditches and agricultural land 
recharges the aquifer, resulting in an increase in 
groundwater levels during irrigation season. When 
irrigation ends, groundwater gradually drains back 
into the river. 

This reach of the Animas River largely is a gaining 
river where groundwater discharges to the river. 
However, in some localized areas, the water table 
gradient is nearly flat in close proximity to the 
river, and the gradient between groundwater and 
the river reversed, causing the river to lose water 
to the aquifer (Figure 2). This gradient reversal was 
observed during winter months (non-irrigation 
period). The observed gradient reversal suggests 
that these localized areas may be potential 
pathways for contaminants in river to enter the 
aquifer. Simple Darcy’s Law calculations indicate 
that during non-irrigation periods, in losing 
reaches of the river, the river water that recharges 
the aquifer could potentially flow a little over 30 
meters away from the river before the gradient 
switches back to gaining conditions (Newton et 
al., 2017). Throughout the Animas Valley, seepage 
of irrigation water into the subsurface is the main 
source of groundwater recharge and a potential 
pathway by which contaminants in the river may 
enter the groundwater system.

METHODS

Protocols used by NMBGMR for collecting 
groundwater samples and preventing 
contamination during sampling are described 
in more detail by Timmons et al. (2013), and 
Newton et al. (2017). The goal was to collect water 
samples that were chemically representative of 
local groundwater using existing domestic and 
irrigation wells that were equipped with pumps. 
Water sampling procedures include purging the 
well until field parameters (pH, dissolved oxygen, 
specific conductivity, oxidation-reduction potential 
(ORP), and temperature) stabilize before collecting 
the sample

All groundwater samples were analyzed for 
major cations and anions, trace metals, and the 
stable isotopes of oxygen and hydrogen. For trace 
metals and major cations, total and dissolved 
concentrations were determined. For a small subset 

of wells, extra samples were collected for the 
analysis of the environmental tracers, carbon-14 
and tritium. All water samples were tracked 
using chain-of-custody documentation. Analyses 
for trace metals, major ions and stable isotopes 
of oxygen and hydrogen were performed at the 
Chemistry Lab at New Mexico Bureau of Geology 
and Mineral Resources. Samples to be analyzed for 
environmental tracers were sent to Beta Analytic 
(carbon-14) and Miami Tritium Lab (tritium).

For this study, groundwater samples for 
geochemical analysis were collected during base 
flow (January), the onset of irrigation (March), 
high flows or snowmelt runoff (June), and toward 
the end of irrigation (October). Sampling events 
occurred at the following time periods: January 26 
– 27, 2016; March 14 – 17, 2016; May 31 – June 10; 
October 17 – 21, 2016; January 23 – February 3, 
2017; March 13 – 24, 2017; and May 29 – June 9, 
2017. 

GEOCHEMISTRY OF THE ANIMAS 
RIVER ALLUVIAL AQUIFER

Geochemical data collected for this study have 
helped provided important information about 
recharge sources, mixing processes, and other 
important geochemical processes that affect 
groundwater quality. In this section we will 
discuss some key findings from the geochemical 
analyses. A more detailed description of these 
analyses is provided by Newton et al. (2017). 

Groundwater Recharge Assessment

Mineral/water interactions largely control the 
concentrations and relative distribution of 
dissolved constituents in groundwater. The types 
of minerals present in the aquifer, their solubility, 
and the residence time of the water determines 
the relative amount of major ions in solution. 
Therefore, the geochemical composition of 
groundwater can help to identify different recharge 
sources. For most water samples, the major ions 
present were calcium, bicarbonate, and sulfate, 
indicating the dissolution of calcium carbonate 
(limestone, dolomite, or calcite cements) and 
calcium sulfate (gypsum). The left map panel on 
Figure 3 shows the different water types observed 
for water produced by wells in the study area. 
Groundwater in the northern portion of the valley 
exhibited a calcium-bicarbonate water type while 
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Figure 2. Water table map based on water level measurements during March 2016. Red points designate wells that 
exhibited water level elevations below the estimated river stage elevation at the time, indicating that in these areas 
the river water is recharging the alluvial aquifer. The losing stream condition only occurs in certain areas during the 
winter months.
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Figure 3. Trends for water type, total dissolve solids, and sulfate concentrations. Left panel: Water type as defined by 
relative cation and anion concentrations. Center panel: Average total dissolved solids concentrations show a general 
trend of increasing in the downstream (southwest) direction. Right panel: Average SO4 concentrations show a general 
trend of increasing in the downstream (southwest) direction.

groundwater to the south showed a water type of 
calcium-sulfate. The spatial distribution of water 
types in the Animas Valley correlates to observed 
spatial trends for total dissolved solids (TDS) 
(Figure 3, center panel) and sulfate (SO4) (Figure 
3, right panel), where concentrations increase 
from northeast to southwest (down-gradient). The 
samples collected from the two wells outside of the 
valley to the west (AR-0213 and AR-0214) stand 
apart from other samples with a sodium sulfate 
water type and the highest observed TDS and 
sulfate concentrations. In addition, water produced 
from these two wells were geochemically distinct 
from groundwater in the alluvial valley based on 
their water age and stable isotopic compositions 
(data not shown, see Newton et al., 2017). 

The spatial geochemical trends shown in Figure 3 
can be explained largely by the mixing of young 
and relatively fresh river water and older brackish 
regional groundwater that likely discharges 
from the underlying Nacimiento Formation as 
seen in Figure 4. River water is by far the largest 
recharge component and enters the system during 
irrigation season as described above, resulting 

in rising groundwater levels between late March 
and October. Newton et al. (2017) shows multiple 
lines of evidence for these recharge and mixing 
mechanisms. 

Groundwater Contaminants

The U.S. EPA water quality standards discussed in 
this section are provided simply for comparison of 
privately owned domestic well water samples and 
are not enforceable for private wells. According 
to water chemistry data for the measured 
constituents, all water samples exhibited chemical 
concentrations below the “maximum contaminant 
levels” (MCLs) as defined by the U.S. EPA 
National Primary Drinking Water Regulations that 
were established to protect against consumption 
of drinking water contaminants that present a risk 
to human health. For the following discussion, 
we evaluate groundwater quality by comparing 
water chemistry results to secondary maximum 
contaminant levels (SMCLs) as defined by the U.S. 
EPA secondary drinking water regulation, which is 
a non-enforceable guideline regarding cosmetic or 
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Figure 4. Schematic regional cross-sections showing groundwater flow paths in regional bedrock. Regional 
groundwater recharge to the Nacimiento/Ojo Alamo/San Jose aquifer occurs in the San Juan Mountains near Durango, 
at the northern edge of the San Juan Basin. Increased sulfate (red data points and right y-axis) and total dissolved 
solids concentrations in shallow groundwater south of Aztec are due to the upwelling of old sodium-sulfate regional 
groundwater from the Nacimiento/Ojo Alamo aquifer as a result of the structure of the San Juan Basin. The thinning 
of this deeper aquifer forces regional groundwater into the shallow alluvial aquifer (which overlies the bedrock, but is 
not shown on this image). It should be noted that the horizontal distances shown on the NM cross-section (bottom) are 
river miles, resulting in a larger relative distance than is shown in the larger-scale cross-section (top).

aesthetic effects. While these contaminants are not 
health threatening, if present at levels above the 
SMCLs, these constituents may cause the water to 
appear cloudy or colored, or to taste or smell bad. 

Figure 5 shows the locations of wells that produced 
water that exceeded groundwater SMCLs 
for TDS, sulfate, total iron, total manganese, 
and total aluminum. Groundwater with TDS 
concentrations exceeding the SMCL of 500 mg/L 
is common in New Mexico due to the dissolution 
of soluble minerals such as calcite and gypsum. 
Most of the wells that produce water with sulfate 
concentrations exceeding the SMCL are located 
south of Aztec mostly due to mixing process 
described above (Figure 4).

Potential groundwater contaminants identified in 
water and sediments associated with the Gold King 
Mine spill include iron, aluminum, manganese, 
lead, copper, arsenic, zinc, cadmium, and 

mercury. All of the metals mentioned above were 
either below U.S. EPA MCLs, or were below the 
reporting limit of the analysis. One well produced 
water that slightly exceeded the U.S. EPA SMCL 
for total aluminum. Several wells in the shallow 
alluvial aquifer produced water that exceeds U.S. 
EPA SMCLs for dissolved iron and manganese 
(Figure 5). It is difficult to determine the source 
of these trace metals. While iron and manganese 
were observed at high concentrations in the Gold 
King Mine spill plume and water in the Animas 
River has relatively high iron and manganese 
total concentrations (most is likely adsorbed onto 
colloids and other particulates), these metals are 
also present in the aquifer sediments. Therefore, 
the spatial distribution of water that is high in iron 
and manganese may be controlled by the location 
where these minerals were dominantly deposited 
within the alluvial aquifer. The ability of water 
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Figure 5. Location of wells that produced water 
exceeding US EPA secondary contaminant levels for 
total dissolved solids, total iron, total manganese, and 
total aluminum.

to dissolve iron and manganese is controlled by 
electro-chemical or redox conditions. The presence 
of dissolved iron and manganese and the observed 
range of oxidation-reduction-potential (ORP) 
values (data not shown, see Newton et al., 2017) 
suggest that these metals are redox buffers that 
control redox conditions in the aquifer. More 
research is needed to understand redox processes 
in the shallow aquifer to explain the spatial 
distribution these metals.

CONCLUSIONS

Results from this study within the Animas 
Valley has helped us to better understand the 
hydrogeologic system with implications for 
assessing potential impacts to the shallow aquifer 
by the GKM spill or similar accidents that may 
occur in the future. The primary recharge source 
is river water via irrigation, where water infiltrates 
through the bottoms of irrigation ditches and 
through soils in agricultural fields to the water 
table, which is usually less than 20 feet below the 
surface. This is an important consideration with 
regard to the Gold King Mine spill and possible 
impacts to groundwater quality. Contaminated 
sediment associated with the Gold King Mine spill 
that was possibly deposited in irrigation ditches 
during or after the release, can possibly result in 
the contamination of the shallow aquifer. So far, 
the groundwater quality does not appear to have 
been impacted through this recharge mechanism. 

The water-sediment mixture from the Gold King 
Mine spill contained high concentrations of iron, 
aluminum, manganese, lead, copper, arsenic, zinc, 
cadmium, and some mercury (U.S. Environmental 
Protection Agency, 2017). There is no evidence that 
groundwater quality in the Animas Valley was 
impacted by the GKM spill. With the exception 
of aluminum (one well), iron, and manganese, 
all of the metals from the GKM spill are either 
observed in groundwater at levels well below set 
maximum contaminant levels or were below the 
reporting limit of the analysis. With groundwater 
pH being fairly constant between 6.7 and 8.3, and 
with manganese and iron buffering the redox 
conditions, it is unlikely that these metals will 
be contaminants of concern in this groundwater 
system. However, continued long-term monitoring 
of groundwater quality and additional research to 
better understand redox processes in the aquifer is 
recommended and underway.
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Book Review

Clifford J. Villa1

River of Lost Souls: The Science, Politics, and Greed Behind 
the Gold King Mine Disaster. 

By Jonathan P. Thompson. (Torrey House Press, 296 pages; 2018)

Reprinted with permission from the University of Montana School of Law. 
41 Public Land & Resource Law Review 69 (2019).

I. Introduction

On August 5, 2015, contractors for the U.S. Environmental Protection Agency (EPA) investigating the Gold 
King Mine in southwestern Colorado accidently released some three million gallons of contaminated water 
to the Animas River, triggering weeks of front-page headlines, months of Congressional hearings, and now 
years of litigation. River of Lost Souls: The Science, Politics, and Greed Behind the Gold King Mine Disaster,2 a new 
book by Jonathan P. Thompson, suggests by its title a human folly behind this “disaster” much broader and 
deeper than one tragic accident wrought by EPA contractors. On this thesis, Thompson certainly delivers. 
However, what we get from the book is both less and so much more. Less, because one can finish the book 
and walk away wondering who really is to blame for the Gold King Mine spill. So much more, because River 
of Lost Souls is not really the story of a spill, but the story of a place: the Four Corners country of Colorado, 
New Mexico, Arizona, and Utah. 

The story of this place is cause for celebration and despair: despair as Thompson chronicles one trauma 
after another visited upon this breathtaking country of mountains and desert; but celebration too as readers 
could not hope for a writer more capable and better situated than Thompson to explain these traumas to us. 
Thompson, who was born and raised in the Animas River valley, with family reaching back generations, 
returned to the area in 1996 to write for local newspapers and eventually the High Country News. On the 
fateful day of the Gold King Mine blowout in August 2015, Thompson—already an accomplished, award-
winning writer—was at home in Durango, Colorado, working on another piece, when the story of a lifetime 
literally came to him. Hearing news of the spill on his Twitter feed, Thompson jumped into his car and drove 
upstream to confront the “[t]urbid, electric-orange water, utterly opaque, sprawl[ing] out between the sandy 
banks….”3 Hours after dark, the sickly “slug” of orange water moving down the Animas River would reach 
Durango and continue on its long journey through four states, three tribal lands, and innumerable towns, 
villages, farms, and lives along the way. Thompson, the writer, would become part of the story. As national 
media descended on Durango and began reporting on the spill,4 Thompson was already there and among the 
first to get the story and get the story right.5 

1   Associate Professor, University of New Mexico School of Law. J.D., Lewis & Clark Law School. B.A., University of New Mexico. The author 
wishes to thank the faculty of the UNM Professional Writing Program (1990) for introducing me to Edward Abbey, Joan Didion, Annie Dillard, John 
McPhee, Wallace Stegnar, and so many other great writers who have immeasurably enriched my perspectives on the American West and the world. 
2   JONATHAN P. THOMPSON, RIVER OF LOST SOULS: THE SCIENCE, POLITICS, AND GREED BEHIND THE GOLD KING MINE 
DISASTER (2018).
3   Thompson, supra note 1, at 7.
4   See, e.g., David Kelly, River Spill Is a Toxic Blast from the Past, L.A. Times A-1, Aug. 10, 2015; Julie Turkewitz, Environmental Agency Uncorks 
Its Own Toxic Spill, N.Y. Times, Aug. 11, 2015; Richard Parker, A River Runs Yellow, The Atlantic, Aug. 21, 2015.
5   See, e.g., Jonathan Thompson, When Our River Turned Orange, High Country News, Aug. 9, 2015; Jonathan Thompson, Gold King Mine Water 
Was Headed for the Animas, Anyway, High Country News, Aug. 28, 2015. 
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Importantly, Thompson remained in place after the media frenzy faded, digging deeper, continuing 
to explore both the causes and consequences of the spill.6 In River of Lost Souls, Thompson’s collective 
writings after the spill plus 20 years of local reporting before the spill7 come together and expand into one 
heartbreaking whole. With the instincts of an old-time newspaperman8 and the engagement of a New 
Journalist,9 Thompson plunges into the story and emerges with an astonishing work of natural history, 
investigative reporting, and memoir. In the end, River of Lost Souls may not answer every question readers 
have about the Gold King Mine spill, but it will help readers see the spill in a new light: the spill as both a 
creature of place and a consequence of politics and greed.

Chapter 1 of River of Lost Souls, “Blowout,” opens appropriately on the morning of August 5, 2015, when the 
EPA contractors investigating the flow of mine drainage from the Gold King Mine accidently poked through 
a plug in the mine portal and released some three million gallons of contaminated water into the watershed 
of the Animas River.10 The Gold King Mine blowout in August 2015 frames Thompson’s book, but does not 
dominate it. Instead, with equal parts Wallace Stegnar11 and Edward Abbey,12 Thompson gives us a sense of 
place “with a capital P,”13 shaped by natural forces and the people who explored, settled, lived, and lost. We 
begin with geology, imagining “a land of ancient lakes of bubbling lava,” where a “vast chamber of magma 
collapsed” 27 million years ago, leaving behind a region of mountains with natural mineral wealth.14 In these 
same places today, we see a “community of McMansions” springing up north of Durango,15 serving those 
drawn to the Purgutory Ski Resort and the new recreational economy of the San Juan Mountains. In Chapter 
2, “Holy Land,” we jump back in time 210 years to the first Spanish explorers standing on the bank of the 
Animas River and declaring its name.16 And finally, of course, we consider the original inhabitants of this 
country, two thousand and ten thousand years ago.17 

Most of the history recounted in River of Lost Souls, however, begins with Chapter 3, which takes us back to 
the 1870s or so when small farms began to sprout in the Animas River Valley and mining began in earnest in 
the high country of the San Juan Mountains. Encouraged by agreements with local tribes and passage of the 

6   See Jonathan Thompson, Silverton’s Gold King Reckoning, High Country News (May 2, 2016), available online at https://www.hcn.org/is-
sues/48.7/silvertons-gold-king-reckoning
7   Thompson, supra note 1, at Acknowledgements.
8    Among Thompson’s strongest apparent influences are small-town newspapermen such as David F. Day, editor of the Durango Democrat, who 
dared to speak up in 1900 against the pollution of the Animas River by local mining companies. Thompson, supra note 1, at 67-74. Thompson’s influ-
ences also obviously include his father, Ian Thompson, who wrote for the Silverton Standard. See Jonathan Thompson, Silverton’s Gold King Reckon-
ing, High Country News (May 2, 2016). In tribute to this tradition, Thompson writes lovingly of the old newspaper office in Silverton, Colorado, that 
Thompson assumed in 1996 from generations of prior newspapermen including his own father. Thompson, supra note 1, at 241 (“It was a newspaper 
nostalgic’s dream”). When asked about other writing influences, Personal Communication, Bookworks, Albuquerque, New Mexico (April 18, 2018) 
(book reading), Thompson mentioned David Lavender, One Man’s West (Doubleday, 1943). Lavender has been described succinctly as a “Colorado 
rancher and miner who … became one of the most prolific chroniclers of the American West.” Wolfgang Saxon, David Lavender, 93, Whose Books 
Told the Story of the West, N.Y. Times, April 30, 2003. Lavender’s influence on Thompson and River of Lost Souls is readily apparent in the concern 
shown by each author for people, livelihoods, and the impacts of industry on the natural world.
9   For the manifesto of New Journalism, a movement from the 1960s in which nonfiction writers began to occupy more visible roles within their 
long-form stories, see Tom Wolfe, The New Journalism (1975). For a more recent take on this literary genre, see Robert S. Boynton, The New 
New Journalism: Conversations with America’s Best Nonfiction Writers on Their Craft (2005).
10    Id. at 5. 
11   Wallace Stegnar (1909-1993), known as the “Dean of Western writers,” is often recognized for ushering in the modern tradition of Western litera-
ture with his groundbreaking work of nonfiction, Beyond the Hundredth Meridian: John Wesley Powell and the Second Opening of the West 
(1953). See Charles F. Wilkinson, The Law of the American West: A Critical Bibliography of the Nonlegal Sources, 85 Mich. L. Rev. 953, 959-960 
(1987) (placing Beyond the Hundredth Meridian at the front of the essential reading list of works on the American West). Stegar later won the Pulitzer 
Prize for the fiction Angle of Repose (1972) and the National Book Award for Spectator Bird (1977). For an encompassing review of Stegnar’s life, 
last work, and continuing influence on Western writers, see Janet C. Neuman and Pamela G. Wiley, Hope’s Native Home: Living and Reading in the 
West, A Review of Wallace Stegnar’s Where the Bluebird Sings to the Lemonade Springs: Living and Writing and the West., 24 Envtl. L. 293 (1994).
12   See, e.g., Edward Abbey, Desert Solitaire: A Season in the Wilderness (1968). In the unlikely case that any reader would miss the influence 
of Edward Abbey, Thompson directly quotes Abbey in the frontmatter: “Contempt for the natural world is contempt for life. The domination of nature 
leads to the domination of human nature.”
13   Thompson, supra note 1, at 132. As Wallace Stegnar famously observed in his essay, The Sense of Place, “If you don’t know where you are …, 
you don’t know who you are.” Wallace Stegnar, The Sense of Place, in Where the Bluebird Sings to the Lemonade Springs: Living and Writ-
ing in the West (1992) (paraphrasing author Wendell Barry).
14   Thompson, supra note 1, at 3.
15   Thompson, supra note 1, at 7.
16   Thompson, supra note 1, at 15. 
17   Thompson, supra note 1, at 19.
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General Mining Act of 1872,18 settlers from Europe, China, and the post-Civil War United States flooded into 
the region, founding Silverton, Colorado, in 1873.19 The Old West flourished and faltered and began its cycles 
of boom and bust. 

Much of the important context for comprehending the Gold King Mine spill begins here, in the mountains 
around Silverton, with prospectors trying their luck and on rare occasions finding something worth finding. 
In Chapter 5, “Olaf and the Gold King,” Thompson brings one of those prospectors vividly to life: Olaf Arvid 
Nelson, who staked the claim on Bonita Peak in 1887 that would become the Gold King Mine.20 Chapter 6, 
“Perfect Poison,” provides a healthy dose of the “science” promised in the book title, explaining with the 
ease of a seasoned STEM teacher how water draining from old mines such as the Gold King can combine 
“three innocent ingredients – oxygen, water, and iron pyrite” together to form sulfuric acid that can kill fish 
and bugs, and eat a shovel overnight.21 This “acid mine drainage,” which remains a staggering problem 
for aquatic life throughout mining districts of the West,22 became a particularly voluminous problem for 
the Gold King Mine, drawing the attention of EPA in 2014 and setting off the chain of events that led to the 
blowout on August 5, 2015.23 Chapter 7, “Slime Wars I,” rounds out our introduction to contamination from 
the mining industry with a look at how the milling process extracts only a fraction of the metals from the 
mined ore and resulted historically in massive releases of mill wastes, or “tailings,” into nearby waterways.24 
The story here is how the Animas River, supposedly devastated by the carelessness of EPA’s crew in August 
2015, was already “rapidly being destroyed … by the absolute and unlawful recklessness of Silverton mill 
men” by the year 1900.25 Drawing from newspaper accounts and other sources, Thompson colorfully depicts 
the “wars” between the upstream mills in Silverton and the downstream denizens of Durango, who in 1902 
“surrendered” in this war and elected “to get its drinking water from elsewhere.”26

To this point in River of Lost Souls, readers could find most of the same major plot points in Thompson’s 
original reporting on the “Gold King Mine Disaster” published in the High Country News.27 But the detail that 
we find in River of Lost Souls is deeper and richer. For example, where one earlier article briefly mentions the 
violence of the local miner’s union toward the Chinese-American population of Silverton in 1906,28 the book 
allows pages to expand upon this dark, racist history that could otherwise be lost to nostalgia for the “good 
old days.”29 The book also allows Thompson room to develop his thesis of the Gold King Mine spill as a 
consequence of politics and greed. Thompson gives us, for example, the story of Lena and Edward Stoiber, 
who became fabulously wealthy around 1900 thanks to Lena’s management skills and Edward’s expertise 
in metalurgical science. Nevertheless, this educated power couple of the Silverton mining district would not 
“devote just a fraction of their considerable talents to coming up with ways to mitigate mining’s damages 
… rather than aiming all of their innovation toward increased profits.”30 At some points, Thompson himself 
becomes a part of this unfortunate history. In one of the most remarkable passages late in the book, we see 
Thompson in 1996, “as the only member of the local press” corp, invited by a mine manager to venture 
underground and observe a “boxcar-sized concrete plug” installed a mile deep into the American Tunnel, 

18   General Mining Act of 1872, 17 Stat. 91 (1872), codified at 30 U.S.C. §§ 22-54 (2015). Enacted in 1872, the General Mining Law remains in 
effect and virtually the same today, providing that “all valuable mineral deposits in lands belonging to the United States … shall be free and open to 
exploration and purchase.” 30 U.S.C. § 22 (2015). For a thorough review of the General Mining Law in the context of modern mining contamination, 
see John Seymour, Hardrock Mining and the Environment: Issues of Federal Enforcement and Liability, 31 Ecology L. Q. 795, 825-832 (2004).
19   Thompson, supra note 1, at 33-35.
20   Thompson, supra note 1, at 58.
21   Thompson, supra note 1, at 61-63.
22   To pick one example, the Gold King Mine itself is just one of more than 30 inactive mines in the Animas River watershed which together dis-
charge a daily average of 5.4 million gallons of mine; that is, every day, the district produces a greater discharge of mine water than the infamous day 
of the Gold King Mine spill. U.S. EPA, One Year After the Gold King Mine Incident 6 (Aug. 1, 2016).
23   Thompson, supra note 1, at 274-275.
24   Thompson, supra note 1, at 67-70.
25   Id. at 67.
26   Id. at 77.
27   See supra notes 4-5. 
28   See Jonathan Thompson, Silverton’s Gold King Reckoning, High Country News (May 2, 2016) (noting briefly, “In 1906, a union-led mob drove 
the entire Chinese-American population from town”). 
29   Thompson, supra note 1, at 88-90.
30   Id. at 76-80.
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theoretically shutting off the flow of acid mine drainage to the surrounding watershed.31 Readers by this point 
will realize that the installation of these underground “bulkheads” will prove a massive hydrological mistake 
leading directly to the Gold King Mine blowout nearly 20 years later.

As a story of Place, much of River of Lost Souls really has little to do with the Gold King Mine blowout. In 
Chapter 9, “Hard Rain’s Gonna Fall,” we learn all about a torrential rainfall that led to massive flooding in 
the Animas River valley in 1911. In Chapter 10, “the Blackest Week,” we learn about the Spanish Flu epidemic 
which raced through San Juan County in the fall of 1918 and claimed at least 150 lives. In later chapters, 
we learn about the rise of industry and politics in the production of oil and natural gas in the Four Corners 
country. We learn about the Four Corners Methane Hot Spot,32 uranium mill tailings dumped straight into the 
Animas River,33 and an experiment with cloud-seeding known as Project Skywater.34 At times, some readers 
could tire of the tangents to the story of the Gold King Mine.35 At other times, the string of tragedies befallen 
this country can feel overwhelming. Thankfully, Thompson makes these tragedies bearable by maintaining 
throughout both his sense of empathy and sense of humor.36 

And then there is the gorgeous language. Thompson looks up one wintery night and sees snowflakes 
“swarm[ing] the streetlights like a million falling moths.”37 For Thompson, there is the potential for beauty 
everywhere, even on blustery spring days when “the yellow and gray dust lifted off the tailings piles and 
fluttered so lightly through the bright blue sky.”38 It is probably no wonder that some of the most affecting 
passages from River of Lost Souls come in the recurring moments of memoir. In Thompson’s voice, Durango, 
Colorado, transforms from a town on a map in the nightly news to a scene from our own childhood 
memories: 

I remember the soothing rhythmic sound of my mom’s loom, the staccato of my dad’s 
typewriter; racing our bikes around the block in the dark; playing hide-and-seek with all the 
neighborhood kids on summer nights and the euphoric feeling you get just as day slips into 
night and you’re running for base with all you’ve got and your feet leave the ground and for a 
second you’re flying, really flying.39

From front cover to back, we grow up with Thompson, see our parents age, find new people in our lives, and 
wonder what is next. 

 What is next for the Gold King Mine spill remains open to speculation, but it will involve lawyers and 
lawsuits. Environmental law forms another frame of reference for considering the same sets of facts examined 
in River of Lost Souls. The applicability of this frame is not lost on Thompson, who unerringly surveys a range 
of federal environmental statutes designed to prevent or remedy the string of ecological tragedies visited 
upon the Four Corners country. Thompson gives us the Wilderness Act40 and the Federal Land Policy and 

31   Id. at 247-48.
32   Id. at 170.
33   Id. at 178, 183.
34   Id. at 205.
35   At one point in River of Lost Souls (124), a fleeting reference to “William ‘Big Bill’ Haywood” may remind some readers of one of the most 
tedious works of Western literature in the last quarter-century: J. Anthony Lukas, Big Trouble: A Murder in a Small Western Town Sets Off a 
Struggle for the Soul of America (1997). At 880 pages, the plot could be fairly summarized as this: “A former state governor of Idaho is murdered 
and labor organizer Bill Haywood is accused of the crime but acquitted with the help of attorney Clarence Darrow.” Along the way, readers of Big 
Trouble are treated to hundreds of pages of the history of baseball and everything that happened in the early 1900s. Fortunately, compared to Big 
Trouble, Thompson’s River of Lost Souls is only one-third the length, so wherever we are in the book, we are never too far afield from the Gold King 
Mine spill. 
36   Thompson’s fine sense of irony shines through in Chapter 13, where after examining the staggering environmental impacts from a coal-fired 
power plant near Farmington, New Mexico, Thompson gazes up at a massive ash impoundment pile and then notes a sign stuck in the base: “No Trash 
Dumping. Walk in Beauty.” Thompson, supra note 1, at 153. After another long stretch of histories and tragedies, Thompson delivers the comic relief 
with a bit about sitting in a Durango coffee shop in 1996, getting charged extra by the proprietor for complaining about home-baked cookies full of egg 
shells. Thompson, supra note 1, at 240.
37   Thompson, supra note 1, at 291.
38   Thompson, supra note 1, at 188.
39   Thompson, supra note 1, at 210.
40   Wilderness Act of 1964, 16 U.S.C. § 1131-1136.
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Management Act,41 two federal statutes designed to protect our public lands from the overreaches of human 
industry. We see the Endangered Species Act of 1973,42 which should protect listed species of native fish in 
the Animas River watershed including the Razorback sucker and giant Colorado pikeminnow.43 We see the 
Clean Water Act of 1972,44 with its lofty goal “to eliminate the discharge of pollutants to navigable water by 
1985,”45 which might have been handy 72 years earlier to stop the direct discharge of tailings from Silverton 
mills into the Animas River. Perhaps most significantly, we see the Comprehensive Environmental Response, 
Compensation and Liability Act (CERCLA),46 better known as Superfund. We see how community interest 
in protecting the local mining industry led to local opposition to Superfund designation.47 We also see how 
the Gold King Mine spill drove the local community to drop their opposition to Superfund, leading to formal 
Superfund designation in September 2016.48 

Beyond the environmental statutes, we also find in River of Lost Souls regular references to legal proceedings 
concerning the impacts of mining activity to the environment and private property. Thus, we see the case 
of the owners of a hydroelectric plant near Telluride, Colorado, suing “an upstream mill operator because 
the latter’s tailings were mucking up its operations,” with a Colorado appeals court in 1897 upholding 
an injunction against the continued dumping.49 We see a similar case from Jefferson County, Colorado, 
brought by downstream farmers against upstream mill operators, with the Colorado Supreme Court in 1935 
upholding an injunction to prohibit further dumping of mill tailings into Clear Creek.50 One thing we do 
not see in River of Lost Souls is the proper legal citation that every good law review editor will demand. The 
absence of proper legal citation is fine here, of course, for at least two reasons. First, Thompson is not writing a 
legal treatise.51 Second, compared to the judicial decisions themselves, Thompson’s descriptions of the people 
and conflicts behind the reported cases are often far richer.52 

Beyond the question of who was truly at fault for the Gold King Mine spill, Jonathan Thompson is clearly 
aiming for something bigger in River of Lost Souls. From beginning to end, River of Lost Souls is a story of Place, 
and as Wallace Stegnar wrote, “No place is a place until things that have happened in it are remembered in 
history.”53 Thompson has done some mighty fine remembering for us in River of Lost Souls. And the book is 
not just about looking backwards. The book is very much a contemporary comment on the Donald Trump 
era, where racism rises again,54 where “alternative facts” are spewn with impunity,55 and where “oil, coal, 
automobile, and utility executives knowingly steer us all headlong toward irreversible climate catastrophe...”56 
If River of Lost Souls is ultimately about Place, that place may be as broad as our nation – or as near as our soul.

41   Federal Land Policy and Management Act of 1976, 43 U.S.C. §§ 1701-1782.
42   Endangered Species Act of 1973, 16 U.S.C. §§ 1531-1542.
43   Thompson, supra note 1, at 228-229. 
44   33 U.S.C. §§ 1251-1387.
45   Thompson, supra note 1, at 223. See also Clean Water Act Sec. 101(a), 33 U.S.C. § 1251(a)(1) (goal of eliminating discharge of pollutants by 
1985).
46   42 U.S.C. §§ 9601-9675.
47   Thompson, supra note 1, at 251-252, 272-273. 
48   Thompson, supra note 1, at 279-280. The designated Superfund site is now formally known as the Bonita Peak Mining District site. 81 Fed. Reg. 
62,397, 62,401 (Sept. 9, 2016). 
49   Thompson, supra note 1, at 72-73. Suffolk Gold Mining & Milling Co. v. San Miguel Mining & Milling Co., 9 Colo. App. 407 (1897). 
50   Thompson, supra note 1, at 118. Wilmore v. Chain O’Mines, 96 Colo. 319 (1935).
51   For proper legal citations and analysis concerning the Gold King Mine spill, see, e.g., ______, 90 Colo. L. Rev. ___ (2018); Clifford J. Villa, The 
Gold King Mine Spill: Environmental Law and Legal Protections for Environmental Responders, 2018 Utah. L. Rev. __ (2019). 
52   For one excellent example, Chapter 11, “Slime Wars,” begins with the tale of Hugh Magone, a farmer in Montana who brought suit in 1903 
against upstream mining companies near Butte, Montana, to stop the dumping of mill tailings into Silver Bow Creek. Thompson, supra note 1, at 111-
113. While Thompson brings colorful detail to this conflict between farmers and miners at the turn of the century, the only reported judicial decision 
in this case available via Westlaw deals exclusively with the minutae of the court’s authority to require the deposition of a witness outside the State of 
Montana. See Magone v. Colorado Smelting & Mining Co., 135 F. 846 (1905). 
53   Stegnar, supra note 11, A Sense of Place. 
54   Thompson, supra note 1, at 128.
55   Thompson, supra note 1, at 268.
56   Thompson, supra note 1, at 80.
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ABSTRACT

Considerations of connections between modern 
solar cycles, Hadley and Walker circulation 
patterns, along with streamflow characteristics of 
several mid latitude, high altitude watersheds have 
pointed to the potential for improved multi-annual 
to sub-decadal forecasting of streamflows in 
targeted locations. Such conditions appear to apply 
to watersheds of the southern Rocky Mountains of 
the western United States. 

In this exploration, correlations and linear 
regressions were developed for key sequential 
features that have been provisionally identified. 
The resulting forecasting approach focused on 
streamflow time series for prime candidate streams 
of the Southern Rocky Mountains, including the 
Animas and Pecos Rivers. A third stream, the Gila 
River in the Mogollon Mountains was included 
in the comparative study because of its marginal 
candidacy with respect to geopotential height and 
latitude.

The forecasts based upon the new regression 
method were the most accurate of all featured 
methods, for the series considered under a 
five-year trailing average. Through a sequence of 
solar, trade wind and streamflow cross-regression 
exercises, forecasts for the Animas and Pecos 
Rivers were advanced as far as six years into the 
future. 

INTRODUCTION

This paper is associated with two oral presentations 
and a poster by this author at the 1st and 2nd Annual 
Conferences on Environmental Conditions of the 
Animas and San Juan Watersheds with Emphasis 
on Gold King Mine and Other Mine Waste Issues, 
sponsored by the New Mexico Water Resources 
Research Institute in 2016 and 2017. Material 
here also summarizes a paper submitted to the 
Hydrological Sciences Journal which is in a closing 
stage of review (Wallace, 2018). Accordingly, 
extensive text from that paper has been condensed 
and consolidated by the same author to produce 
this complementary product.

Many hydrologists must at some point address the 
challenges of forecasting the long-term future states 
of streams associated with their study domains. 
To date most researchers have relied primarily 
upon stochastic approaches, which depend on 
records of the history of the subject stream system 
for estimating that system’s future. Accordingly, 
the nominally predictive solutions are based on 
autocorrelation (AC) and/or autoregression moving 
average (ARMA) strategies, such as described in 
Wei (2006). 

These strategies are typically parametric, given that 
they are often geared to develop best estimates of 
the first several moments (mean, variance, skew) 
for a given time series. Moreover such parametric 
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results are typically cast into “climatological” 
products, including the mean flow for a given 
season or month, or as estimates of extreme events 
such as a “probable maximum flood.” A more 
desirable type of forecast would for example 
project the arrival of a period of drought, with a 
certain lead time, span, and intensity across a given 
region, hopefully with acceptable accuracy for 
planning purposes.

Accordingly, if independent and reliable 
precursors were available over multi-season to 
multi-decadal scale time frames, then hydrologists 
would likely employ them in other regression 
based approaches towards improved forecasting. 
Some independent precursors to regional 
climatologic atmospheric moisture patterns 
have been described. These generally are limited 
to temperatures and/or pressure differentials 
associated with locations or regions within the 
Pacific Ocean, including the widely cited El 
Niño pattern. This sea surface temperature time 
series for a stationary location within the eastern 
equatorial Pacific Ocean is often lumped into a 
broader compendium of patterns termed the El 
Niño Southern Oscillation Index (ENSO) (NOAA 
2017). 

To date, the ENSO suite of precursors have not 
proven to be consistently reliable for hydrologic 
forecasting beyond a few months lead span. 
Deterministic numerical global circulation models 
(GCMs) have also been frequently deployed 
towards these same forecast objectives but none 
so far have been able to accurately simulate 
extended periods of integrated climate for the 
globe or any sub-region, at least with regard to 
hydroclimatology. 

In the goal of improving hydrologic forecasting 
skill, researchers continue to experiment with 
the adoption of various combinations of selected 
precursors. As opposed to the conventional 
adoption of precursors that are primarily 
temperature or pressure based, this paper focuses 
on those indexes that exemplify high masses 
of atmospheric moisture. Moreover, this work 
contemplates the possibility that solar radiant 
forcing can drive the underlying precursor 
parameters.

The sun is indisputably the primary driver of 
our weather. However explicit and physically 
consistent correlations between longer term surface 
climate patterns and solar cycles, including the 

11 year cycle (Schwabe 1844), have yet to be fully 
verified or widely documented. In contrast to 
this contemporary lack of evidence, older studies 
from the 19th and early 20th centuries produced 
extensive products that purported to show high 
correlations between solar cycles and climatic 
features, including for example global temperature 
estimates (Koppen 1914) and cyclone frequencies 
in the Indian Ocean (Meldrum 1885). Notably, 
the apparent persistence of these synchronous 
correlations had faded by the middle of the 20th 
century (Hoyt and Schatten 1997). 

Ultimately new connections between the solar 
irradiance and climate signatures were identified 
by researchers such as Labitzke and Van Loon 
(1995) in the upper atmosphere by the late 20th 
century. However the establishment of lower 
atmospheric and near surface moisture and 
temperature correlations to SSNs has remained 
elusive to date. Many researchers have nonetheless 
recognized the potential to connect SSNs to surface 
water hydrology. This was considered a productive 
study area because streamflow records are 
commonly understood to represent an integrated 
signature of climate over their watershed footprint. 

In addressing this objective, the recent work of 
Wallace (2018) included the development of a 
conceptual model in which the global hydrosphere 
undergoes energy changes over time and within its 
Hadley and Walker circulatory limbs as a result in 
part of slight changes in the total solar irradiance 
(TSI) of approximately 0.17 W/m2 on average. The 
TSI can be represented as an index in numerous 
variations, including the published monthly 
Sunspot Numbers (SSN) as archived at the Royal 
Observatory of Belgium (WDC-SILSO). 

From this work, new correlations between 
solar cycles and atmospheric parameters have 
been found over the Western Equatorial Pacific 
(WEP) region. That work identified for the WEP 
region that solar cycles express pervasive lagged 
correlations to multiple components of the 
atmosphere. These correlations were identified 
across that footprint from the surface via trade 
winds (TWWP), through the core via latent heat, 
and up to the top of the atmosphere (TOA) via 
outgoing longwave radiation. 

As featured in that study by several maps of the 
geopotential height, the overlying weight of the 
full atmosphere drops significantly over major 
high altitude land masses in middle latitudes, 
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and those indentations are routinely indicative 
of enhanced atmospheric moisture. The study 
accordingly extended the exploration to streams 
originating from such regions. The initial results 
were suggestive that significant lagged correlations 
between those streams and the TWWP could be 
identified.

Given the lagged correlation between the solar 
signature and the atmospheric parameters 
overlying the WEP, it appeared possible to apply 
a cross-regression moving average (CRMA) 
approach towards their prediction. Moreover, 
given the lagged correlation between those 
atmospheric parameters and the streamflow 
signatures within the Southern Rocky Mountains 
(SRM), it also appeared possible to apply a CRMA 
approach towards streamflow prediction. In 
essence, these two correlative pairings represent 
the potential for an accurate, two step CRMA 
analysis connecting solar cycles to streamflow 
records. 

APPROACH AND METHODOLOGY

Three SRM streamflow records were selected 
for the CRMA analysis as identified in Table 1 
and the map of Figure 1. The three SRM gages 
are represented in the map by the solid blue 
dots. Within that domain the Animas is the 
northernmost gage, the Pecos is the central gage 
to the east and the Gila gage is at the southern 
end of the cluster. The positions of the selected 
streamflow gages with respect to the geopotential 
height depressions, which can also be identified 
in the figure and that were developed from the 
routine satellite ERA-Interim resource were 
expected to impact the performance of this 
forecasting approach.

The first featured site is the Pecos near Pecos, 
New Mexico gage (PnP). It captures water from a 
catchment which reaches over 4 km in elevation 
and resides within the noted geopotential 
indentation at a middle latitude (approximately 
37 degrees N). This gage lies largely upstream 
of any significant human operations such as 
reservoirs and irrigation. The Pecos River drains 
ultimately to the Gulf of Mexico within the greater 
Atlantic Ocean. The second featured site is the 
Animas River gage near Farmington, New Mexico. 
The Animas gage shares nearly all of the same 
characteristics as the Pecos. However its flow 
rates are roughly 5 to 10 times higher than those 
of the Pecos, and it drains ultimately to the Upper 
Colorado River, which reaches the Pacific Ocean.

Figure 1. Geopotential height contours across the SRM and 
stream gages.

Table 1. Stream Gages Utilized.

River, State and 
Country

Streamflow 
Gage ID

Decimal 
Longitude

Decimal 
Latitude

drainage area 
(km2)

Elevation of 
highest edge of 
catchment (km 

amsl)

Years of 
continuous 

records 
available

Pecos River PnP 254.31730 35.70835 490 4.0 86
Animas River Animas 251.79825 36.72250 3522 4.2 85

Gila River GnG 251.46261 33.06150 4828 2.7 88
Sources:
USGS 08378500 Pecos River near Pecos, NM accessed online at http://www.usgs.gov/water/
USGS 09364500 Animas River at Farmington, NM accessed online at http://www.usgs.gov/water/
USGS 09430500 Gila River near Gila, NM accessed online at http://www.usgs.gov/water/



Michael Wallace36

2016—2018 Conference Compendium Proceedings

The third site, the Gila River near Gila, New 
Mexico was chosen primarily due to its marginal 
qualities with respect to the candidate criteria. As 
noted, the other two catchments reach above 4 km 
in elevation but the Gila’s watershed only reaches 
to slightly below 3 km in elevation. Moreover, the 
Gila watershed is further to the south of the middle 
latitude target (at approximately 33 degrees N). 
The Gila also drains ultimately to the Pacific 
Ocean. 

An exploration of the autocorrelations for each 
time series is helpful in targeting some of the 
most useful moving averages and lags for the 
forecasting exercises. Figure 2 outlines a series 
of autocorrelation functions (ACFs) associated 
with the SSN and TWWP indexes along with the 
selected streams. The maximum lag considered 
was 11 years, specifically because that is the 
primary period of the SSN index. Many notable 
features of this chart stand out. For example, 
the ACFs of the Sun and the Animas River are 
congruent for the most part. Moreover, to a greater 
or lesser extent, each ACF shows a cyclostationary 
behavior, with a dip to low or negative 
autocorrelations near the five-year lag followed by 
a return to higher and more positive ACFs near the 
11-year lag. 

The proposed method is subsequently shown 
to produce a promising yet variable degree of 
forecasting span and accuracy improvement across 
the study region. The first step of the process 
developed and applied the lagged correlations 
between each stream gage and the satellite era 
TWWP for a five-year trailing averages (5yta) 
streamflow forecast with a lead time of three years 
into the future.

As part of this initial step, those correlations are 
applied to the customary linear regression solution 
as Equation 1.

y = Ax + B      (1)

Where: 

 x is the independent variable (TWWP for the first 
CRMA regression step or simply the appropriate 
streamflow value for the ARMA case), 

y is the dependent variable (streamflow for the first 
regression step), 

A is the dimensionless regression coefficient cal-
culated from a linear fit of a scatter plot between 
historical values of y and x, and

B is the intercept (the value of y when x is equal to 
zero).

Figure 2. Autocorrelation functions  (ACFs) for five-year trailing averages (5yta) of the 
SSN, TWWP and selected streamflow observation time series.
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Accordingly, Pearson correlation coefficients 
were calculated between the TWWP and each 
SRM stream in the Wallace study (2018). This 
exercise demonstrated that for all streams, the 
TWWP correlations were consistently the highest. 
Moreover the TWWP correlations generally 
showed the highest significance scores. The 
resulting ARMA and CRMA calculations produced 
the dependent time series for the three SRM 
streamflow gages. 

The second step of the analysis was largely 
identical to the first step in structure but was 
limited to extending the three year lead forecasts 
for the 5yta CRMA cases an additional three 
years. Moreover, it was limited to the two stream 
gages associated with the Pecos and Animas 
Rivers, as opposed to the more marginal Gila 
River case. This second step was motivated by the 
correlations indicated between the TWWP and 
solar cycles. It was additionally informed by the 

fact that solar cycles themselves are routinely (if 
not always accurately) forecast in advance by one 
or more years, as documented for example at the 
WDC-SILSO site. Accordingly the step entailed 
first obtaining a record of 5yta SSN values to the 
current time, and then adding the projected SSN 
values for the subsequent year. Next, the Pearson 
correlation coefficient was calculated between the 
SSN record and the TWWP for a two year lag. The 
resulting regression coefficients were calculated 
and those were used to forecast the 5yta TWWP for 
three additional years into the future. 

These projected TWWP values were then utilized, 
again through the regression relation of Equation 1 
and the coefficients corresponding to each stream, 
to predict the 5yta streamflows of the Pecos and 
Animas rivers for an additional three years into 
the future. For those specific cases therefore, 
streamflows were quantitatively predicted for a 
total of six years beyond the year 2016. The results 

of this final step were simply appended to 
the results from the previous step for the 
two relevant cases. 

RESULTS

As noted in the previous section, the results 
documented here include specific cases 
from application of the widely used Cross 
Regression and Auto Regression Moving 
Average (CRMA and ARMA) approaches 
towards time series predictive analyses. 
A graphical overlay of observations to 
the simulated time series is helpful if not 
essential as a first order assessment of the 
skill of each exercise. Figure 3 accordingly 
highlights these overlays for the 5yta cases 
for each of the three stream gages in this 
study. In this figure set, the solid black line 
represents the observed series and dotted 
lines represent the simulations. The green 
Xs define the ARMA solutions and the 
blue dots define the CRMA solutions. The 
thin vertical line for each subfigure defines 
the transition from the so-called training 
period to the test period. In other words, 
the regressions were developed based upon 
observation records through for the most 
part the end of the year 2015. 

For most cases the TWWP results 
exhibit lower errors across the range of Figure 3. Comparisons of three year-lead predictions to observed 

values for the featured streams. (a) PnP  (b) Animas  (c) GnG. All 
values are for five-year trailing averages (5yta) in cubic meters per 
second (CMS).
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streamflow values. Naturally, the closer the fit to 
both mean and extreme flow values, the better the 
overall performance of the method. Also, most of 
the methods show nominally good performance 
at estimating mean values. Skill performances are 
routinely quantified through the common Root 
Mean Squared Error (RMSE). However a greater 
sensitivity in comparing results was desired and 
accordingly two Goodness of Fit (GOF) measures 
were adapted from common significance and 
hypothesis testing resources. Those measures 
were the well known Chi squared (χ2) and 
Kolmogorov Smirnov (K-S) tests. These quantified 
skill measures of the ARMA and CRMA regression 
calculations are featured in Table 2. Figure 3 and 
Table 2 therefore document that among the three 
approaches explored, the TWWP CRMA exercises 
produce the most accurate forecasts, particularly 
for the two streams located well within the main 
target domain identified. 

Table 2. Performance Results.

Forecast Case
Root Mean 

Squared Error 
(RMSE)

χ Squared ρ 
Value

Chi Test 
Significance at 

ρ <.1 ?

Kolmogorov 
Smirnov

 ρ Value

Auto-
correlation of 

residuals

SSN 2 yr lead 
forecast of TWWP 

5 yta 0.71
2.94E-03 N 0.6 0.581

TWWP 3 yr lead 
forecast of PnP 5 yta 0.3182

0.999 Y 0.652 0.054

AC 3 yr lead forecast 
of PnP 5 yta 0.6022

0.036 N 0.200 na

TWWP 3 yr lead 
forecast of Animas 

5 yta 3.1279
0.438 Y 0.781 -0.123

AC 3 yr lead forecast 
of Animas 5 yta 5.0446

3.94E-14 N 0.011 na

TWWP 3 yr lead 
forecast of GnG 5 yta 1.1188

5.64E-04 N 0.211 0.089

AC 3 yr lead forecast 
of GnG 5 yta 1.3550

2.43E-04 N 0.109 na

”na” means not applicable to this exercise. “yta” means year trailing average. “AC” means 
autocorrelation. “PnP”, “Animas”, and “GnG” are streams as defined in text.

SUMMARY AND CONCLUSIONS

Considerations of past research regarding solar 
cycles, Hadley and Walker circulation patterns, 
and streamflow characteristics of several mid 
latitude, high altitude watersheds have pointed to 
the potential for improved multi-annual to sub-
decadal forecasting of streamflows in targeted 
locations. Such conditions appear to apply to the 
SRM of the Western United States. 

In the development of this conclusion, sets of 
correlations were explored for key sequential 
features based upon previous published research 
and currently available solar cycle, and trade wind 
observations. Equivalent exercises were applied 
towards potential connections of some of those 
parameters to streamflow data sets for candidate 
streams of the SRM. A two staged cross-regression 
based forecasting approach (CRMA) was then 
applied to forecast streamflows up to six years 
into the future. The skill of the CRMA forecasts 
for the training period were compared to forecasts 
for the same stream sets via a conventional 
autocorrelation technique (ARMA). 
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The training forecasts of flows in the Animas 
River, the Pecos River and the Gila River at the 
selected observation gages, based upon the CRMA 
approach were the most accurate of all featured 
methods. Given the three- to six- year forecast 
span, several years remain for subsequent review 
and evaluation. Should these forecasts continue 
to show high fidelity, they may point the way to 
a more routine, longer span and higher accuracy 
approach to streamflow and general drought 
forecasting to the benefit of all.
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SOURCE DATA 

Animas River Source: USGS 09364500Animas River at Farmington, NM Available from https://waterdata.usgs.gov /
ENSO including TWWP Sources: Available from http://www.cpc.ncep.noaa.gov/products/analysis_monitoring/ensostuff/ensoyears.shtml

 NOAA (National Oceanic and Atmospheric Administration) National Climate Data Center (NCDC) 2017

 https://www.esrl.noaa.gov/psd/cgi-bin/data/testdap/timeseries.pl

Gila River Source: USGS 09430500 Gila River near Gila, NM. Available from https://waterdata.usgs.gov

Pecos River Source: USGS 08378500 Pecos River near Pecos, NM Available from https://waterdata.usgs.gov

UCAR ERAI Source: Available from https://climatedataguide.ucar.edu/climate-data/era-interim

SSN Source: WDC-SILSO, Royal Observatory of Belgium, Brussels. Available from http://www.sidc.be/silso/
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Tuesday, May 17 Morning Session

8:30 a.m.   WELCOMING REMARKS
  NM WRRI Director Sam Fernald
  Mayor Tommy Roberts, City of Farmington

 8:45   CONGRESSIONAL STATEMENTS
  Senator Tom Udall 
	 	 Senator	Martin	Heinrich	
  Congressman Ben R. Lujan 
	 	 State	Representative	Paul	C.	Bandy

 9:05   New Mexico’s Response to the Gold King Mine Spill
  Ryan	Flynn,	Trais	Kliphuis,	Dennis	McQuillan,	and	Allison	Majure,	NM	Environment	Department 
	 	 Presentation	to	be	given	by	Dennis	McQuillan	(Abstract 5)

 9:25   Emergency Response
  Kim Carpenter, San Juan County 

 9:45 	 	 Geologic	Setting	and	History	of	Mining	in	the	Animas	River	Watershed,	Southern	Colorado
  Virginia T. McLemore, NM Bureau of Geology and Mineral Resources (Abstract 33)

10:00	 	 1989	–	Memories	from	the	Sunnyside	Mine
  Evelyn	Bingham,	AECOM (Abstract 1)
  
10:20   BREAK AND POSTER SESSION

11:00	 		 Water	Quality	of	the	Upper	Animas	River,	Before,	During,	and	After	the	Gold	King	Mine	Release
  Robert	Runkel,	Katherine	Walton-Day,	and	Daniel	J.	Cain,	U.S.	Geological	Survey (Abstract 15)
 
11:30		 	 The	Gold	King	Spill	–	How	Did	We	Get	Here?
  Peter	Butler,	Animas	River	Stakeholders	Group	(Abstract 32)

12:00   LUNCHEON
	 	 ‘on	behalf	of	water’	–	Diné	art	as	an	Act	of	Healing	Navajo	After	the	Gold	King	Mine	Disaster
  Venaya	Yazzie,	Navajo/Hopi (Abstract 36)

Tuesday, May 17 Afternoon Session

   THE GENIE IS OUT OF THE BOTTLE – WHAT NOW?
  
 1:30 p.m.	 Everyone	Wants	a	Walk	Away:	Long-Term	Mine	Closure	in	the	Silverton	Caldera
  Briana	Greer,	President,	Solid	Solution	Geosciences,	LLC (Abstract 6)

  1:50	 	 Utah’s	Response	to	the	Gold	King	Mine	Release	and	Long-Term	Monitoring	and	Assessment	Plan
	 	 Erica	Gaddis,	Utah	Department	of	Environmental	Quality	(Abstract 29)
    
  2:10 		 Total	and	Dissolved	Surface	Water	Metals	–	Post-Gold	King	Mine	Spill	Trends	in	the	Animas 
	 	 and	San	Juan	Rivers
  Diane Agnew, Bruce Yurdin, and Dennis McQuillan, NMED (Abstract 19)

  2:30	 	 Clay	Contributions	to	the	Gold	King	Mine	Spill
  Antonio	Lara,	Emilio	Rivera,	Raul	Rivera,	Tiffany	Fowler,	and	Jeremy	Jones,	NMSU (Abstract 8)

  2:50	 	 Rapid	Assessment	of	Soil	Metal	Concentrations	Along	the	Animas	River,	New	Mexico
  Kevin	Lombard,	April	Ulery,	and	Brandon	Francis,	NMSU;	David	C.	Weindorf,	Bogdan	Duda, 
	 	 and	Carla	Millares,	Texas	Tech	University (Abstract 9)

  3:10  BREAK

2016	Program
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  3:30	 	 Geological	Processes	Affecting	the	Chemistry,	Mineralogy,	and	Acid	Potential	on	Particle	Size 
	 	 Fractions:	Examples	from	Waste	Rock	Piles	in	New	Mexico,	USA
  Virginia T. McLemore, NM Bureau of Geology and Mineral Resources (Abstract 12)

  3:50	 	 Examination	of	Sediment	Microbial	Communities	in	the	Animas	River	Watershed	Following 
  the Gold King Mine Spill
  Patrick	McLee,	Sumant	Avasarala,	Lucia	Rodriguez-Freire,	Jose	Cerrato,	and	Andrew	Schuler, 
  UNM (Abstract 18)

  4:10  Before	the	River	Turned	Orange:	Bacteria	and	Nutrient	Pollution	in	the	Animas	and	San	Juan	Rivers
  Melissa	May,	San	Juan	Soil	&	Water	Conservation	District (Abstract 28)

  4:30	 	 Assessment	of	the	Fish	Community	in	the	Animas	River	After	the	Gold	King	Mine	Spill
  Jim	N.	White,	Colorado	Parks	and	Wildlife (Abstract 16)

  4:50 p.m. ADJOURN

  ARE YOU SURE IT’S SAFE?

  8:30 a.m.	 Hydrogeology	and	Ground	Water	Quality	at	the	United	Nuclear	Corporation	Uranium	Mill,	Church		 	
	 	 Rock,	New	Mexico
  E.C. Dixon, Tsali Associates (Abstract 2)

  8:50 	 	 Stories	from	the	Field:	Biomonitoring	in	San	Juan	County,	NM	–	October	2015
  Alexander	Coyle,	NM	Department	of	Health,	Barbara	Malczewska-Toth,	Heidi	Krapfl (Abstract 20)

  9:10 	 	 Summary	of	Various	Environmental	Characterization	Efforts	in	the	San	Mateo	Creek	Area,	Grants		 	
	 	 Mining		 District,	New	Mexico
  E.C. Dixon, Tsali Associates (Abstract 4)

  9:30	 	 Animas	River	Environmental	Contamination	from	the	Durango	Mill	Site
  Norman	R.	Norvelle (Abstract 14)
 
  9:50	 	 Animas	River	Groundwater	Level	Monitoring	After	the	Gold	King	Mine	Mine-Water	Release	of	2015
  Ethan	Mamer,	Stacy	Timmons,	and	Cathryn	Pokorny,	NM	Bureau	of	Geology	and	Mineral	Resources		
  at NM Tech (Abstract 11)

10:10  BREAK

10:30	 	 Investigation	of	Metal	Persistence	in	Sediments	of	the	Animas	River	Watershed	After 
  the Gold King Mine Spill
  Lucia	Rodriguez-Freire,	Sumant	Avasarala,	Abdul-Mehdi,	Joseph	Hoover,	Kateryna	Artyushkova, 
	 	 Eric	Peterson,	Laura	Crossey,	Adrian	Brearley,	and	Jose	M.	Cerrato,	UNM;	Diane	Agnew,	NMED;
	 	 Drew	Latta,	University	of	Iowa (Abstract 17)

10:50  	 Initial	Assessment	of	the	Gold	King	Mine	Spill:	The	Role	of	Sediment	Transport	and	Groundwater-	 	
	 	 Surface	Water	Interactions
  Jesus Gomez-Velez, Daniel Cadol, and Andrew Luhmann, NM Tech (Abstract 7)

11:10  	 	 Monitoring	the	Animas	River	Alluvial	Aquifer	Groundwater	Chemistry	After	the	Gold	King	Mine 
	 	 2015	Mine-Water	Release
  Stacy	Timmons,	Ethan	Mamer,	and	Cathryn	Pokorny,	NM	Bureau	of	Geology	and	Mineral	Resources	at		
  NM Tech (Abstract 24)

11:30		 	 What	Are	the	Effects	of	the	Gold	King	Mine	Spill	on	San	Juan	County,	NM	Agricultural	Irrigation	Ditches		
	 	 and	Farms?	
  Kevin	A.	Lombard,	April	Ulery,	Barbara	Hunter,	and	Sam	Fullen,	NMSU	(Abstract 10)

Wednesday, May 18 Morning Session
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Diane Agnew,	NM	Environment	Department
Laura Crossey,	University	of	New	Mexico
Sam Fernald, NM WRRI
Fernando Herrera, NM WRRI
Jesus Gomez-Velez, NM Tech
Trais Kliphuis,	NM	Environment	Department
Kevin Lombard,	New	Mexico	State	University,	Farmington
Melissa May,	San	Juan	Soil	&	Water	Conservation	Dist.
Virginia McLemore, NM Bureau of Geology and  
    Mineral Resources
Dennis McQuillan,	NM	Environment	Department

Paul Montoia, City of Farmington
Catherine Ortega Klett, NM WRRI
Jesslyn Ratliff, NM WRRI
Blane Sanchez, NM WRRI 
Jamie Shockey,	San	Juan	Generating	Station,	PNM
Andy Shuler,	University	of	New	Mexico
Stacy Timmons, NM Bureau of Geology and Mineral 
   Resources at NM Tech
Butch Tongate,	NM	Environment	Department
Thomas Turner,	University	of	New	Mexico	

Conference Planning Committee

11:50 	 	 Turbidity	as	an	Indicator	of	Heavy-Metal	in	the	Animas	and	San	Juan	Rivers
  Dennis	McQuillan	and	Diane	Agnew,	NMED;	David	Sypher	and	Paul	Montoia,	City	of	Farmington	Public		
	 	 Works	Department;	Monica	Peterson,	CH2M	Hill (Abstract 21)

12:10 p.m. LUNCHEON

	 	 The	Samarco	Mine	Tailings	Dam	Failure,	November	2015:	Effects	and	Observations
  Katherine Walton-Day, Kate Campbell, Bradley Van Gosen, and Kris Verdin, USGS
	 	 Presentation	to	be	given	by	Katherine	Walton-Day (Abstract 31)

  AND WHAT’S THE PLAN TO FIX THIS MESS?

  1:30 p.m.	 Hydrogeology	and	Ground	Water	Quality	in	the	Vicinity	of	the	Bluewater	Disposal	Site,	Grants	Mining		
	 	 District,	New	Mexico
  E.C. Dixon, Tsali Associates (Abstract 3)

  1:50	 	 Ion	Imprinted	Polymers	for	Remediation	by	Selective	Sequestration	and	Sensing	of	Hazardous	Metal	Ions
  George M. Murray and Thomas E. Ward, TechSource Inc. (Abstract 22)

  2:10 	 	 Solar	and	Ocean	Based	Hydrologic	Forecasts	for	the	Animas	River	Leading	to	the	End	of	2022 
  Michael	Wallace,	Michael	Wallace	and	Associates (Abstract 25)

  2:30	 	 Remediation	of	the	Terrero	Mine	and	El	Molino	Mill,	San	Miguel	County,	New	Mexico
  Dennis	McQuillan,	NMED;	Virginia	McLemore,	NM	Bureau	of	Geology	and	Mineral	Resources; 
	 	 Paul	Robinson,	Southwest	Research	and	Information	Center	(Abstract 13)
 
  3:00	 	 Tó’Łítso,	the	Water	is	Yellow:	Investigating	Short	Term	Exposure	and	Risk	Perception	of	Navajo		 	
	 	 Communities	to	the	Gold	King	Mine	Spill
  Karletta	Chief,	Paloma	Beamer,	Nathan	Lothrop,	Nicolette	Teufel-Shone,	University	of	Arizona; 
	 	 Jani	Ingram	and	Manley	Begay,	Northern	Arizona	University;	Rebecca	Clausen,	Fort	Lewis	College; 
	 	 Janene	Yazzie,	To’	Bee	Nihi	Dziil;	Mae-Gilene	Begay,	Navajo	CHR (Abstract 38)

  3:20  BREAK

  3:35  PANEL:	WHERE	DO	WE	GO	FROM	HERE?
  Moderated by Virginia T. McLemore, NM Bureau of Geology and Mineral Resources

  Steve	Austin,	Navajo	Nation	EPA 
  Kim Carpenter, San Juan County
	 	 Karletta	Chief,	Department	of	Soil,	Water	and	Environmental	Science,	University	of	Arizona
	 	 Rich	Dembowski,	Gold	King	Mine	Citizens’	Advisory	Committee
	 	 Bonnie	Hopkins-Byers,	New	Mexico	State	University,	San	Juan	County
	 	 Dennis	McQuillan,	New	Mexico	Environment	Department
  
  
  5:00 p.m. ADJOURN

Wednesday, May 18 Afternoon Session
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2016 Panel Discussion Executive Summary:
Where Do We Go from Here?

Panel discussion Wednesday, May 18, 2016 3:35 pm

Moderator: Virginia T. McLemore, NM Bureau of Geology and Mineral Resources

Panel participants:
Karletta Chief, Department of Soil, Water and Environmental Science, University of 
Arizona

Bonnie Hopkins-Byers, New Mexico State University, San Juan County

Kim Carpenter, San Juan County

Rich Dembowski, Chairman, Gold King Mine Citizens’ Advisory Committee

Dennis McQuillan, New Mexico Environment Department

Steve Austin, Navajo Nation EPA

Editor’s Note: The following represents a transcription of panelist remarks made at the conference. Remarks were edited 
for publication by the editor. Some panelists did not review this version of their presentation and the editor is responsible 
for any errors.

Virginia McLemore: The goal of the panel 
discussion is to discuss the path forward in terms 
of science and engineering. We welcome the public 
to join us in the field to see how we sample and we 
plan to have another conference next year to follow 
up.

Steve Austin: Seeing similar issues pre and post-
spill. We need to figure out what is naturally 
occurring and what is going on in the system.

We need to check on local geology, historic 
mining, power plants, coal mining and/or gas 
development. We need to figure out what these 
sources are and try to deal with the problems and 
figure what screening levels we are using and the 
concentrations.

What is really safe and for what use? Ag use and 
livestock use.

We will continue to monitor weekly once our 

funding gets into place. We want to see what 
is coming down the river and make sure it is 
acceptable levels. We need to know how much is 
from pre-spill and how much is from Gold King.

Kim Carpenter: With what’s happening with the 
chemistry of the river, we want to clean up nitrates. 
From the aspect of SJC point of view, we have been 
working the last decade to get more structured 
systems in place and gravity flow system that 
would eliminate failing septic systems.

We know there is a potential for it to happen again 
and we want to look at prevention and backup 
measure

There is data out there that can help us with 
a perspective of what’s going in regard to the 
nitrates in the river. We have to address all of this 
issues and the other factors that contribute to the 
negative effects.
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As far as San Juan County and notification 
planning, we have had a comprehensive plan 
in place for a long time. We found ourselves 
notifying the Navajo Nation. I want to start 
talking collectively. We need to work on the 
communication side to have scientific and political 
approach to protect the future generations.

Karletta Chief: I believe where we could go is 
better communication of data and research that 
is going on around the San Juan River upstream 
and downstream. A concern I hear from the 
community includes the lack of communicating the 
data and research going on. This will help them 
to understand standards and understand where 
their water comes from. Also, I would like to see 
watershed partnerships for the Navajo Nation 
in terms of making people able to do their own 
monitoring and practice land management of 
their own land. A fair water testing day to educate 
people on collecting samples. 

Work to build trust in providing information back 
to the people.

Also, recognize different perspectives and 
respecting that and valuing it in the sense that 
indigenous people use water very differently. 
Examples include: mud baths, spiritual practices, 
or sediment put on skin as part of prayer. 
Recognize that daily life for the Navajo people is 
very different and incorporate that into exposure 
assessments. 

When we did listening sessions, we said very little 
and just listened to the community members and 
that will help with healing. It’s about healing as a 
community and being optimistic about the future.

Rich Dembowski: If we are going to be serious 
about moving forward then we need to understand 
the pre mining conditions that go back 100’s of 
years, look at how it was then and before/after 
the Gold King Mine spill. We need to define 
“normal”. In order to achieve that would require 
a compilation of various engineering standards; 
health, Ag, sediment, and water quality.

Lurking in the background of the science is an 
entity. The entity is very poorly defined and over 
time as additional research comes in to play, the 
entity will be fed data and will be a constantly 
changing body of thought. 

The mission of the Gold King Mine Citizens’ 
Advisory Committee is to serve as a liaison 

between the public and government. We want to 
convey public concerns to the NMED and ensure 
that they are addressed. I can assure all that 
every member of the committee is invested in our 
mission statement. The committee developed and 
approved our own bylaws (self-govern) and we 
honor no master other than the public.

Many questions remain: What’s the projected cost 
of monitoring and cleanup? Will NM benefit from 
Colorado application for superfund status? If not 
then do we need to apply? 

Development and maintenance of trust is part of 
moving forward. The elephant in the room is the 
fact that we don’t trust the government and that’s 
unfortunate but it is reality. The key element is 
giving the citizen a reason to trust and have faith in 
the government. The EPA needs to be accountable 
and responsive. We need less road blocks and do 
more than talk. I suggest Heinrich and Udall need 
to be proactive and act to cause the EPA to be 
accountable, transparent, and receptive.

Bonne Hopkins: I represent NMSU staff and 
employees. The big thing is that this emergency is 
local and there is no one that will be more invested 
than us here today.

We can see Ag was put at the forefront of this 
emergency and that’s rare. Usually farmers have 
to fend for themselves. We do have to preserve 
the legacy of Ag in this state. It is important to 
tradition, culture, and heritage. We need to focus 
on maximum contaminant levels and we need to 
establish levels that are acceptable for us. We want 
to be able to say according to the max levels and 
the data we have, it is safe to irrigate. We can’t 
assume that we know all questions and answers. 
We need to keep an open mind and respect the 
emotions related to the spill.

We look at livestock as a concern and are watching 
monitoring levels. Also, we are looking at the 
ecosystem and we may lose ecosystems if we don’t 
irrigate.

We need a holistic perspective and need to 
continue working together and focus on future 
generations and protect Ag legacy.

Dennis McQuillan: It’s important to communicate 
with the public and be honest about the good, bad 
and the ugly. This conference has done a good 
job of identifying data gaps. We put together the 
exposure and risk dashboard. It explains exposure 
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pathways. This whole process is data driven as we 
take samples and then decide where to go next.

EPA soil numbers have been mentioned and those 
are not appropriate for recreational standards. The 
NMED will not stand for that number. We have 
some gnarly tech issues that need to be addressed 
but we are going to use good science and subscribe 
to peer review and collaborate.

Question from the audience: What is the best way 
for outside researchers to build trust with Navajo 
communities in order to better communicate 
scientific results that may impact those 
communities? For example, bacteria pollution in 
the San Juan River.

Karletta Chief: Working with Navajo experts, 
getting support of Navajo community leaders 
having Navajo consultants, working with Navajo 
Students and partnering with Navajo scientists to 
give advice and guidance to the researchers.

Make sure you have approval regarding 
environmental and human subjects. This takes a 
lot of time, discussion, and outreach to respond to 
their questions.

Steve Austin: You have to work with tribal 
government but you won’t gain the trust of the 
locals if you don’t work with the chapter officials. 
The local people need to be involved in the 
community meetings. It takes a lot of time to gain 
trust. 

Question from the audience: What was the 
population of the area studied before 1935 when 
tailings were being dumped in rivers? Our 
perceptions and expectations have greatly changed 
in the intervening years. We have a much larger 
populations that is more concentrated in large 
towns and cities whereas before ranchers, farmers, 
and miners were more dispensed. Before vaccines, 
antibiotics, and safety regulations. People were 
more resigned to accidents, illness, and death 
but today modern technology and machinery 
has made pollution a much greater problem and 
modern communications have made awareness of 
problems greater and more immediate.

How can we resolve these existing problems 
without blaming “the other” as we are all 
involved?

Kim Carpenter: Historically when Silverton was 
at its peak there was quite a bit more people. 

The area was plagued by disease that wiped out 
the population in the twenties. There will be 
evolutions of decline population and evolutions 
of increased populations. The biggest thing about 
it who is here, what we need to do better to 
collaborate throughout the entire corridor

With regard to population: we need to understand 
the presence of the Navajo Nation in terms of data 
collection, sharing and then get the minds together 
and lay down the issues at hand of determining 
what are the important numbers and what is 
acceptable?

Rich Dembowski: We need to evaluate how our 
societies have changes over the last 100 years. The 
growth of oil and gas which is now bad affect our 
society from Silverton and downstream. Resource 
extraction. We will evolve from economic system

We will experience change over the next 100 years 
that will focus on economies. We will lose people 
but we will also gain others.

Paul Montoia: Regarding the first question, I think 
it’s all the communities in general. The public does 
not have a good light of EPA.

What I would like to see is the NMED commit 
to setting up a meeting with officials from EPA 
regions 8, 6 and 9 because we hear we’re not 
getting the true story, so if we could pull all those 
people together for a community discussion that 
would be beneficial and should be one of the goals 
that we could set here today.

Question from the audience: Gold King Mine spill 
has and continues to have national attention. As a 
concerned San Juan County citizen, what is EPA 
doing in the following areas:

1. Spill remediation along the entire wa-
terway

2. Time frame to commence and finish 
remediation 

Dennis McQuillan: To respond to Paul’s 
comment, the EPA held three public meetings in 
CO but we need a meeting for stakeholders in 
NM and we have asked EPA if they could hold a 
superfund meeting in Farmington or Aztec and 
have not receive a response. We are stakeholders 
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down here and we need to make sure we are 
heard. 

Regarding remediation, there are no proposals to 
go in and remove solids that are in the river bed. 
There is a data gap when it comes to the 880,000 
lbs. of metals and the distribution is not well 
defined. We have hot spots with high levels of 
lead and that needs to be mapped and identified 
that we have discussed. Nobody has cleaned any 
sediment in the river to-date.

Question from the audience: Why was it not 
dammed back up as soon as possible? Why allow 
continual seepage? We have concrete that sets up 
in the ocean. Why are we not using it? There is a 
water system created in India that pull clean water 
out of the air. Why are we not filtering the river?

Dennis McQuillan: EPA did install a water 
treatment plant on emergency basis. 

Rich Dembowski: As an engineer, I write and 
certify spill plans which are required by the Clean 
Water Act. Did the EPA have all these plans that 
they require the rest of us to have? What actions 
were taken? You’re required to have a log under 
the Clean Water Act, so where is their log? They 
have refused to disclose any data regarding these 
things.

Come to my meetings and hear your neighbors 
talk about EPA coming onto their property without 
concern for ownership, taking samples, then 
unwilling to share information with landowners. It 
is that elephant in the room, folks.

Gilbert Yazzie from Shiprock, NM: It’s happened 
in the past and the grassroots Navajo won’t 
understand the technical info. Technical info needs 
to be brought down to the level of the people.

Karletta Chief: I rely on Navajo geologists that 
have been at the forefront of translating technical 
terms. There is challenges in explaining parts 
per million (PPM) in Navajo so when I presented 
samples, I worked with the Navajo geologist to 
translate my research. They have standardized 
Navajo medical terms.

Steve Austin: We presented our results in Shiprock 
and we had a co-worker translate the technical 
information.

Dennis McQuillan: How to visualize PPM: What 
if you plant a row with 1000 irises with 1000 rows? 

That’s a million iris’s and you pull out one and put 
in one poison ivy.

Delia Bell from Farmington: I live in northern 
CO and I am a friend with a representative in CO 
that could help you if you want me to be in contact 
with him. Randy Baumgardner CO State Senator. I 
would be happy to give you his contact info.

Question from the audience: Colorado has been 
feeling the effects of chronic mine drainage for 
many years. This blowout is the first time that 
the effects have been felt so far downstream. It 
was suggested yesterday that superfund will 
address chronic loading but is unlikely to address 
the possibility of future min blowouts. What 
role should downstream jurisdictions take in 
advocating for research and/or remediation to 
prevent future mine blowouts?

Kim Carpenter: There has been significant blowout 
in the 70’s that was devastating to this area. I think 
it is not effective for everyone to stand aside and 
hope this doesn’t happen again. This will happen 
again and were talking about drainage that will 
last more than a couple of weeks. People have to 
get involved. We need to fight for what we have 
instead of fighting for what we want. What else is 
being polluted? People downstream need to get 
involved. Were also dealing with other issues so I 
encourage every jurisdiction to get involved and 
speak up. The Southwest is very difficult and were 
basically forgotten as a result of not being on the 
East Coast.

We would not carry the voice we had if there were 
not others standing beside us. This event was a 
local emergency that stemmed assistance from 
other agencies. The county is concerned for our 
friends. 

Rich Dembowski: The army spends time planning 
and rehearsing. I don’t believe you can always 
prevent but you can do everything possible to 
minimize an event. 

You depend on training for a plan when reacting. 
When someone breached that dike, it was an “awe 
shucks” situation. The guys there probably were 
not trained on a spill plan. We are continually cited 
by the EPA if we don’t have our own plans and 
training. We need to ensure that everyone is aware 
of what needs to be done when there is another 
disaster.
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Dennis McQuillan: The citizens needs to hold the 
government accountable. Make sure we are doing 
the right thing.

Darrell Clark from Farmington, NM: This GK 
incident is not our first, it has happened in the 
past. The cumulative effect of all this stuff leaches 
minerals into our rivers is zilch. There is fish in the 
river, there is wild life just like there was before. 
We need quit letting them cause an uproar and 
listen to them. 

Duane (Chili) Yazzie from Shiprock, NM: Daily 
Times reported there is 4.5 million gallons of mine 
waste coming off the mountains into the rivers on a 
daily basis. Is this an exaggeration?  

Kim Carpenter: I can’t confirm that is a correct 
number but that is occurring. There is theory that 
the American Tunnel is leaching into the GKM but 
that has not been confirmed. The big thing is that 
there have been a number mines that have been 
leaking. 

I have seen mine heads that are seeping and this 
has been going on for years and years and has 
gotten worse. This is why EPA was looking at the 
remediation process; trying to filter out minerals 
that were released in the sludge. I can’t tell you 
a number but there are a number mines that are 
seeping.

Dennis McQuillan: The mines have been leaking 
for a long time. They installed bulk heads to 
control the seepage to plug up lower levels. It 
caused groundwater in mountains to rise 1,000 ft. 
Now there is substantial pressure. Installing the 
bulk heads was a good thing but now we have 
additional work to do. We need a holistic solution 
and look at the entire watershed because some 
of the issues transcend. We will look at the entire 
health of the watershed and fix it holistically. It will 
require a lot of collaboration between jurisdictions

Ronnie Ben with Navajo Nation EPA: We 
went to the site with Dennis’s counterparts and 
the contractors were there with EPA staff. The 
contractors wouldn’t say anything about sampling, 
filters, or disposal. There were a lot of unanswered 
questions. I will continue with experts to do a 
variety of technical things to look at inspections. 

Based on our knowledge to better prepare a lot of 
these sites and put in some BMP’s. In the summer, 
we would like to return to the site and see how we 
can assist.
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1989 – Memories from the Sunnyside Mine

Evelyn Bingham, 
AECOM

Evelyn.bingham@aecom.com 941-730-9725

Abstract 1 – Both Oral and Poster
In the late 1980s the Sunnyside Mine was an active underground gold mine operation. As a member of 
the mine engineering staff from 1987-1991, the author had the opportunity to explore many aspects of the 
underground and surface expression of the mine. Hired to support the underground survey crew in 1987 
and later working as the mine ventilation engineer and water treatment plant operator, the author shares 
memories of the physical characteristics of the operating mine. The presentation uses publicly available 
maps and diagrams coupled with personal descriptions of the underground workings, the Lake Emma glory 
hole on C-Level, lime treatment plants and settling ponds constructed to treat acid mine drainage at the 
American and Terry Tunnels, tailings effluent water quality adjustment at the Mayflower Mill, and surface 
water sampling in the upper Animas River Watershed in the years just prior to the mine shutdown. The 
intention of the presentation will be to give the audience a first-hand account of underground mining in the 
Gladstone area and associated environmental activities circa 1989 and provide an opportunity to improve 
understanding of mining and the mine area geography affecting the Upper Animas watershed.

2016 Oral Abstracts
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Hydrogeology and Ground Water Quality at the United Nuclear 
Corporation Uranium Mill, Church Rock, New Mexico

E.C Dixon 
Tsali Associates

PO Box 1147, Cherokee, NC 28719

tsaliassociates@hotmail.com 828-788-3160

Abstract 2 
The United Nuclear Corporation (UNC) uranium mill is located about 16 miles northeast of Gallup, NM 
along the southern boundary of the Navajo Indian Reservation. The UNC mill produced uranium (U) 
concentrate from the Northeast Church Rock (NECR) Mine from 1977 to 1982. The Site is situated on 
alluvial valley fill, sandstone, and shale of Cretaceous age at the southern margin of the San Juan Basin. 
From approximately 1969 to 1986, large quantities of ground water were pumped from the nearby NECR 
and Quivira mines to dewater the underground mine workings (Westwater Canyon Member of the Jurassic 
age Morrison Formation). Mine water was discharged to the Pipeline Arroyo, and a portion of the mine 
discharge water infiltrated into the previously dry units of Southwest Alluvium, Zone 1, and Zone 3 of the 
Upper Gallup Sandstone Formation. Mine discharge water that infiltrated the three previously unsaturated 
units constitutes the “background water” for the Site. Milling operations produced 1.5 million tons of acidic 
tailings that were impounded within the Tailings Disposal Area. Acidic seepage from the Tailings Disposal 
Area migrated downward and mixed with background water creating three discrete areas of tailings seepage-
impacted ground water.

The cleanup standards are those prescribed from the Environmental Protection Agency (EPA) 1988 Record 
of Decision (ROD), the Nuclear Regulatory Commission Source Material License. The remedial system of 
extraction wells installed in each hydrostratigraphic unit pumped seepage-impacted and background water 
for evaporation for 20 years or more until the systems were turned-off. The source of artificial recharge 
ended since mine dewatering ceased in 1986. As seepage from the Tailings Disposal Area drained away, the 
level of saturated thickness in the three units continues to decrease. The Southwest Alluvium historically 
exceeded Site standards for total dissolved solids (TDS) and sulfate. Zone 1 exceeds Site standards for some 
non- hazardous constituents outside the property and some hazardous constituents within the Site boundary. 
Contaminant concentrations in Zone 3 exceed a number of Site standards for non- hazardous, metal, and 
radionuclide constituents despite persistent extraction well pumping and injection well operational schemes 
to chemically and hydraulically capture seepage-impacted water.

Based on the results from EPA’s ProUCL statistics, the declining saturated thicknesses, and low extraction 
well efficiencies, some ground water compliance standards are in need of revision to support a future, 
updated ROD. In 2012 UNC submitted a technical analysis report to the Nuclear Regulatory Commission 
(NRC) in support of a request for revised background standards under an amendment to the Source Material 
License for the Site. In 2015 the NRC issued Amendment 52 that revised the Groundwater Protection 
Standards for select metals and radionuclide in three hydrostratigraphic units. EPA approved use of the 
revised background standards in the revitalized and ongoing process to develop a three part Supplemental 
Site Wide Feasibility Study (SSWFS). The UNC SWSFS Parts I and II have been completed. Part III of the UNC 
SWSFS is expected to provide more technical analysis to support a revised and updated EPA ROD for the 
Site.
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Hydrogeology and Ground Water Quality in the Vicinity of the Bluewater 
Disposal Site, Grants Mining District, New Mexico

E.C. Dixon 
Tsali Associates

Po Box 1147, Cherokee, NC 28719

tsaliassociates@hotmail.com 828-788-3160

Abstract 3 

The Bluewater Disposal Site is located in west central New Mexico in Cibola County near the communities 
of Bluewater and Milan. The Anaconda Copper Company opened the Bluewater uranium mill in 1953 to 
process ore from the Jackpile mine in Laguna, New Mexico. Initially the mill used a carbonate-leach circuit 
to process limestone ore from the Todilto limestone, but in 1957 the mill switched to an acid-leach circuit to 
process Jackpile sandstone that operated through 1982. The mill released carbonate and acidic mill raffinate 
water to the subsurface that impacted ground water quality. As many as 18 regional wells completed in 
the San Andres limestone-Glorieta Sandstone (SAG) aquifer were once used to monitor ground water for 
contamination from the mill. The Site was remediated under the U.S. Nuclear Regulatory Commission 
(NRC) operational license, and then it was transferred to the Department of Energy (DOE) for Legacy 
Management in 1997 under Title II of the Uranium Mill Tailings Radiation Control Act. Prior to transfer to 
DOE, NRC amended the operational license to include alternate concentration limits (ACLs) for the alluvial 
and SAG aquifers. In 2011 the ACL for uranium in the alluvial aquifer at the Site was exceeded at the Point 
of Compliance (POC) well. DOE installed four new alluvial monitoring wells in 2011-2012 to acquire more 
ground water quality data, and understand the increasing concentrations for select constituents in some 
alluvial monitoring wells.

After Site transfer to DOE in 1997 four on site monitoring wells in the SAG aquifer were sampled periodically 
for a limited amount of ground water quality data. Comprehensive ground water sampling of SAG wells 
on and around the Site in 2008 by the New Mexico Environment Department (NMED) indicated spatial 
geochemical variations in water chemistry and isotopic composition possibly related to contamination 
from the mill. NMED review of the four onsite SAG monitoring well logs in 2009 raised concerns about 
construction and representative sampling. DOE evaluation of the four SAG wells in 2011 via well logs, 
field testing, and water quality data revealed two wells were so corroded that representative sampling 
was compromised and the wells needed rehabilitation or replacement. In order to more fully comprehend 
the complex SAG hydrogeology and close data gaps, DOE installed six additional, new SAG wells  at the 
Site in 2012. A comprehensive Site status assessment was conducted in order to develop a more reliable 
groundwater conceptual model that describes aquifers associated with the Site and the potential for mill-
related contamination exposure to down gradient ground water users. Oxidized ground water migrating 
from the Bluewater site in the SAG aquifer flows in the east- southeast direction in a karst-like system with 
hydraulic properties that vary with location. Available ground water data suggest that Bluewater-derived 
contamination particularly uranium does not adversely affect any private wells used for drinking water. 
Ground water quality data from the current SAG monitoring well network on site indicates that contaminant 
concentrations continue to decline in accordance with historical trends. DOE monitors off site well locations 
for evidence of contamination, and plans to conduct more investigation and additional well installation 
where necessary to ensure the ground water supply for the local communities is not at risk to water quality 

degradation.
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Summary of Various Environmental Characterization Efforts in the  
San Mateo Creek Area, Grants Mining District, New Mexico

E.C. Dixon, Tsali Associates

PO Box 1147, Cherokee, NC 28719

tsaliassociates@hotmail.com 828-788-3160

Abstract 4 

The Grants Mining District (GMD) in Cibola and McKinley counties of New Mexico was the focus of 
extensive uranium mining from 1950 to the early 1980s. The San Mateo Creek (SMC) basin of the GMD 
encompasses approximately 321 square miles including the Ambrosia Lake area where there are 96 
documented former producing mines and four mills, some of which have documented contaminant 
releases. In 2008-2009 the New Mexico Environment Department (NMED) performed a Site Investigation 
(SI) of approximately 60 ground water sites to characterize the impacts of legacy uranium mining-milling 
activities on the SMC regional ground water system. In 2010 NMED performed a Phase 2 SI of four more 
ground water sites in Ambrosia Lake and reconnaissance site visits to four mines including the Johnny M 
Mine. In 2009 the U.S. Environmental Protection Agency (EPA) performed aerial radiological surveys of 
the Grants and Cebolletta Land Grant Areas. EPA performed two more separate aerial radiological surveys 
in 2011 encompassing approximately 22,000 acres of the Ambrosia Lake area that included two mill sites 
and 27 legacy uranium mines, and 20 square miles of the Poison Canyon area. In 2011-2012 EPA conducted 
documented release sampling of 10 mine sites in Ambrosia Lake that included gamma radiological surveys 
and soil-sediment sampling for metals and radionuclide analysis. Environmental characterization data 
indicates that a number of mine sites will require remediation of surface soils to minimize the risk of 
radioactive release and exposure. From 2010 to 2015, the EPA’s Removal Program assessed over 900 structures 
and properties for gamma and elemental uranium concentration. Soil radiation levels at 128 of the 900 sites 
were above action levels and were cleaned up. Relocation of a resident was required near the Johnny M Mine 
due to elevated surface radioactivity levels.

In 2009-2010 the U.S. Geological Survey (USGS) examined the geologic framework, regional aquifer 
properties, and spring, creek, and seep properties of the upper SMC basin near Mount Taylor. Beginning 
in 2013, in collaboration with the USGS and NMED, EPA designed and initiated a phased ground water 
investigation for the SMC basin alluvial aquifer background water quality. Investigation fieldwork consisting 
of seismic surveys and exploratory borehole drilling for alluvial ground water began in 2014 and was 
completed in 2015. Despite an extensive amount of drilling, conditions representing background alluvial 
ground water were largely nonexistent, and only five boreholes were completed as monitoring wells. In 2014 
Roca Honda Resources, LLC (RHR) submitted a revised permit application for a new mine for its proposed 
Roca Honda uranium mine in the upper part of Ambrosia Lake that included a Baseline Data Report (BDR). 
The RHR BDR includes the results of extensive environmental investigations for the period 2006-2012 that 
focused on sampling and investigation of soil, surface water, and ground water systems at the proposed site 
and regional area. This paper will present a brief summary of the various environmental characterization 
efforts primarily in the SMC-Ambrosia Lake area, and highlight some of the interesting results of legacy 
uranium impact investigations through 2015.
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New Mexico’s Response to the Gold King Mine-Water Spill

Ryan Flynn, Trais Kliphuis, Dennis McQuillan, and Allison Majure 
N.M. Environment Department

PO Box 5469, Santa Fe, NM 87502-5469

dennis.mcquillan@state.nm.us 505-827-2140

Abstract 5

On August 5, 2015, a U.S. Environmental Protection Agency (EPA) work crew digging into the Gold King 
Mine (GKM) adit triggered a blow-out resulting in a continuous discharge of impounded mine water.  EPA 
reported that more than 3 million gallons of acidic mine water containing sediment, heavy metals, and other 
chemicals spilled into Cement Creek, which flows into the Animas River and into New Mexico where it joins 
the San Juan River before flowing into the Navajo Nation and Utah.

On August 6, 2015, the N.M. Environment Department (NMED) was notified of the spill by the Southern Ute 
Tribe.  NMED advised public water systems to stop taking water from the river, and provided notice of the 
spill to public sewer systems, the Navajo Nation, Arizona and Utah.  NMED and the N.M. Office of the State 
Engineer (OSE) advised irrigation ditch users to close river diversions.  Some irrigation ditches did not have 
head gates, and could not be closed. NMED also mobilized a technical team to begin monitoring the impacts 
of the spill.

On the morning of August 7, 2015, the NMED Secretary and the N.M. State Engineer arrived on site and 
began coordinating response actions with the San Juan County Emergency Operations Center to ensure that 
public health and safety were protected. The first NMED technical team also arrived on site, installed multi-
parameter sondes in the Animas and San Juan Rivers, and began collecting water samples for laboratory 
analyses of metals and general chemistry.  NMED issued additional precautions for private domestic wells 
and livestock watering. The N.M. Department of Game and Fish (NMDGF) advised anglers not to eat fish 
caught in watershed. NMED also authorized up to $500,000 in expenditures from the N.M. Hazardous Waste 
Emergency Fund, and created a dedicated webpage for spill information.

GKM contamination in the Animas River entered the State of New Mexico on August 8, 2015. During the 
weekend of August 8-9, NMED, OSE, San Juan County and NMDGF continued to coordinate emergency 
response actions, along with N.M. Department of Health (NMDOH), N.M. Department of Agriculture 
(NMDA), San Juan Soil and Water Conservation District, and N.M. Department of Homeland Security and 
Emergency Management (DHSEM). Governor Susana Martinez declared an emergency and authorized an 
additional $750,000 in expenditures.

By Monday, August 10, 2015, NMED had 25+ staff on site, along with staff of the other state and local 
agencies.  NMED set up a mobile laboratory at the San Juan County Fairgrounds to provide free tests of 
private domestic wells using field instruments. During the week, well users were encouraged to bring water 
samples to the mobile lab. NMED tested 580 water samples for specific conductance, temperature, pH, 
nitrate, iron, manganese and fluoride.  Field teams consisting of NMED and EPA personnel were created to 
sample private domestic wells, located within 500 feet of the Animas River, for more rigorous analysis by a 
certified laboratory. Wells were self-identified by homeowners and also were selected by the sampling teams 
who knocked on doors in the field to fill in data gaps.  The field teams sampled 144 wells for analysis by an 
EPA contract lab for metals and general chemistry. To date, field and laboratory test results show no evidence 
of impacts from the GKM spill to any private domestic wells located in N.M. NMED was in daily contact with 
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public water system operators to share information and provide consultation and assistance. Public drinking 
water storage was calculated and water sharing efforts were initiated among the systems while river intakes 
remained closed. NMED and the water systems conducted extensive testing of treated drinking water. No 
public water system customers received contaminated drinking water or lost water service.

On August 14, 2015, after careful consideration of all available data, the New Mexico executive agencies, 
EPA and San Juan County agreed to lift the precautionary advisories that had been issued the week before.  
All irrigation ditches were flushed with river water for 12 hours, without irrigation diversions, to wash spill 
sediment back into Animas River.  Drinking water system intakes on the Animas River were not opened until 
after the irrigation ditches had been flushed.

Governor Martinez appointed a GKM Long Term Impact Team (Team) led 
by NMED with membership from other executive and local agencies 
including the City of Farmington. The Team recruited top science and 
engineering experts from New Mexico State University, the New Mexico 
Water Resources Research Institute, New Mexico Tech, the New Mexico 
Bureau of Geology and Mineral Resources, and the University of New 
Mexico. The Team developed a conceptual site model, identified data gaps 
and potential human exposure pathways for GKM contaminants, and 
drafted a monitoring plan that was released to the public for a 30-day 
comment period.  NMED also seated a Citizen Advisory Committee to 
provide stakeholder input on the monitoring plan as it is dynamic and 
subject to data-driven modifications.

While funding does not presently exist to fully implement the Long-Term 
Monitoring Plan, selected elements of the plan are being conducted on a 
priority basis to fill data gaps directly related to protection of public health. 

Defining hydraulic relationships between the river, irrigation canals and aquifer was identified by the Team 
as a top priority needed to protect well users. The N.M. Bureau of Geology conducted water-level surveys 
and additional well sampling in August 2015 and January 2016.  Both surveys show that, on a regional scale, 
the Animas River is gaining from groundwater inflow. This finding supports a generally low risk of water 
well contamination, but pumping wells may still be able to draw water from the river or from irrigation 
ditches.  The next water-level survey is scheduled to occur during spring runoff which may alter aquifer-
river hydraulics from what was observed in August and January. Monitoring by the City of Farmington has 
correlated elevated turbidity levels with elevated levels of heavy metals in the river.  Farmington and NMED 
also have installed sondes in the Animas and San Juan Rivers to measure turbidity and other parameters. The 
sonde data will be communicated to water users to help inform decisions on the use of river water as a source 
of potable, irrigation and livestock water during periods of elevated turbidity.

Numerous staff from NMED and other New Mexico agencies are gratefully acknowledged for working long 
hours, often in difficult heat or weather conditions, to provide a comprehensive, holistic and exemplary 
response to an emergency situation. Additional information is on the NMED’s GKM spill website,  
www.NMEDRiverWaterSafety.org
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Everyone Wants a Walk Away: Long-Term Mine Closure  
in the Silverton Caldera

Briana Greer, President Solid Solution Geosciences, LLC

285 S. Madison Ave. Louisville, CO 80027

briana@solidsolutiongeosciences.com 720-506-5050

Abstract 6 

When considering mine closure, miners and regulators alike want a walkaway solution. In the Upper Animas 
Mining District, the combination of high snowfall, expansive mining, and hydraulic connectivity between 
individual mines creates substantial challenges to walkaway long-term closure. Most mines in the district 
consist of underground workings. Bulkheading underground mine adits and ventilation shafts has been the 
preferred closure alternative for underground mines in the Upper Animas Mining District for many years. 
Bulkheads have numerous benefits, including: reducing flow, limiting the acid generating oxidation pyrite, 
and reducing the likelihood of unintended releases from the bulkheaded opening. However, even with 
bulkheads, instream water quality standards are difficult to meet without treatment. Bulkhead maintenance 
and instream water quality targets create substantial challenges to walk away closures in the Upper Animas 
Mining District.

Despite the benefits of bulkheads, they are not always a walkaway solution to mine closure. The bulkheading 
of the Sunnyside Mine in the 1990’s and early 2000’s substantially reduced metal loads to the Animas River 
for a number of years, until the bath tub behind the bulkheads filled. The snow melt derived water found 
other ways out of the mountain, including other near- by mines such as the Mogul, the Red and Bonita, 
and the Gold King. The end result has been beneficial, but not a walk away solution from a mining district 
perspective. Monitoring of the mine pools and bulk head pressures would be beneficial to a district wide 
understanding of the effects of the bulkheading.

The long-term structural integrity of the bulkheads themselves also requires monitoring, as even the best 
designed and built bulkhead has the potential for failure as rock and bulkhead weather under the influence 
of acidic mine water. The Kohler Mine, located at the head waters of Mineral Creek, was bulkheaded in 2003. 
The bulkhead holds back more than 600 feet of head. But, the bulkhead continues to leak metalliferous and 
low pH water. Bubbling at the bulkhead is suggestive of concrete weathering under the acidic conditions. The 
Kohler suggests there may be long term repair and replacement efforts associated with bulkheads.

In addition to the walkaway challenges above, water that continues to flow (although often from a different 
opening) rarely meets in-stream water quality standards for the protection of aquatic life. Additional 
treatment is likely necessary to meet water quality standards, and even passive systems need occasional 
maintenance.

Both regulators and miners want a walkaway solution that will meet water quality guidelines, however, in 
an alpine, heavily mined environment, a true walk away solution may be difficult to achieve. Combining 
multiple current technologies, including bulkheads and passive treatment, may not yield a walk away 
solution. New technologies and understandings needed for true walkaway solutions in the Upper Animas 

Mining District.
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Abstract 7 

Groundwater and surface water are continuously exchanged along river corridors. This exchange process 
modulates the transport, accumulation, and release of heavy metals from acute and chronic contaminant 
inputs. At the same time, sediment redistribution along the river serves as a vector for heavy metals, resulting 
in both a source and a sink of contaminants for the exchange zones. To explore the role of both sediment 
transport and groundwater-surface water interactions, two synoptic field campaigns were conducted shortly 
after the Gold King Mine spill. This work summarizes our preliminary findings. The general pattern of 
contamination showed exponential decreases in deposition of visible oxides on the streambed and banks 
downstream of the contaminant source in Cement Creek. Dissolved and total metal loads in the water, 
however, showed more complex patterns downstream. Redox state was particularly important in controlling 
dissolved and total concentrations in pore water (groundwater) samples. Dissolved surface water metal 
concentrations showed highest values near Silverton and decreasing downstream, with a few exceptions 
at individual downstream sites, probably associated with flood remobilization. Total surface water metal 
concentrations were strongly affected by flooding events, resulting in high concentrations downstream of 
Aztec, NM. These initial results highlight the importance of a consistent monitoring scheme that accounts for 
the exchange processes and sediment transport along the river corridor and the role of dynamic forcing due 
to weather variability.
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Abstract 8 

Our present research efforts are directed at uranium abatement for polluted water, specifically now on the 
Navajo Nation.  Because of the immense landscape in that region, our solution is to develop a purification 
system that is simple and cost effective to operate in individual homes. Our work continues to be driven 
by the consequences of careless uranium mining practices. These include abandoned mines and the largest 
nuclear spill in the US which occurred in Church Rock, NM thirty seven years ago.  There is a correlation 
between the Gold King Mine and the Church Rock incidents as both were a 
breach in an earthen dam.  We are still dealing with the Church Rock spill.

Due to similarities in the Animas River contamination and our uranium 
abatement efforts, we took an interest in addressing this most recent 
situation. We travelled to the Animas River six days after the spill occurred to 
sample in Farmington, NM and Silverton, CO.  The Silverton sampling took 
place on Cement Creek, approximately 500 feet before it enters the Animas 
River.  The Farmington samples were acquired in Farmington proper near 
Boyd Park. In both cases, 55-gallon plastic barrels were filled and capped to 
eliminate head space losses.

We investigate metal sorption onto clay substrates in aqueous solutions 
to abate these toxic pollutants.  In every experimental trial, abatement 
has occurred.  In our efforts to address NM problems, we have recently 
concentrated on lead and uranium.  Moreover, these and other studies 
indicate that most metal ions should be bound to our clay and thus removed 
from the water.

Should there be leakage into aquifers on which people depend for potable 
water, we have a solution. While clay makes prevention possible, our 
technology is at the forefront of remediation efforts.  Because this spill has 
already occurred, remediation is our focus, regardless of the metal or pollutant.

Our strengths and knowledge in sorption onto clays are directly applicable to shine light on facets of the 
Gold King Mine spill. Clay is the fundamental constituent of river and lake sediment. Lake sediment should 
be a major concern given the natural settling of pollutants. Moreover, the binding of metals onto clays at ppb 
levels is indicative of preferential and strong interactions.  Thus, sediment is the primary agent for metal 
containment. Our concern was substantiated when the sediment was ‘scooped up’ by our team on the shore 
of the river directly below the spill.  We propose that sediment monitoring be priority for long-term plans. 
The picture to the right is bright yellow mud from the river at Silverton.

Our preliminary results indicate several trends.  First, we attempted a quantitative analysis of the river water 
to subsequently assess sorption with our clay sorbent. Standard addition was the only permissible method 
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given the complex matrix of the river water.  As an example of the complexity, when lead was added to 
produce a 100 ppm solution with river water, a suspension resulted, and this remained true from pH 2 – 12; 
this was due to unknown ions and elevated levels of lead thus prohibiting ICP analysis.

The river water in the barrels was further analyzed because it had stratified.  Initially the water was a tinted 
homogeneous phase.  Now there is a distinct yellow precipitate that has concentrated at the bottom of the 
barrel. The solution is now pH 3.4, lending further evidence that we are dealing with an extremely complex 
matrix. Changing conditions will continue to alter many chemical parameters.  This needs attention.

In our analysis of the river water, we encountered difficulties with the standard addition method due to the 
complex matrix issue.  We measured the concentration levels for certain metals in the water from the upper 
portions of the barrels:  mercury (>100 ppb); cadmium (> 100 ppb); uranium (~10 ppb).  It must be noted that 
the volatility of mercury makes it difficult to ascertain its original concentration.  We included uranium in our 
analysis because it is of particular interest to our research.  We abate uranium with clay sorbents, and for the 
river water we see a trend that uranium is abated.  For mercury we can qualitatively deduce that abatement 
occurred.  Additional studies are ongoing to statistically ascertain abatement efficacy.

Our clays are deliberately designed in a robust pellet form. They can be easily packaged and safely 
transported which make them an ideal candidate to help individuals in dire circumstances.  In the event that 
contaminated water needs conversion to potable water, we can lend our expertise and technology to anyone 
in need.

On the other end of the spectrum, earthen barriers are effective but are prone to fissures and seepage.  The 
latter is due to clay materials. The same is true for sediments; they are fundamentally clay, and our clays sorb 
heavy metals efficiently. We face similar issues in the laboratory. Our continued studies with uranium, and 
specifically clay, will allow us to elucidate information on this particular spill.
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Abstract 9 – Both Oral and Poster

On August 5th, 2015 an inadvertent breech of a mine shaft holding metal laden waters in Colorado was 
spilled into the Animas River and ultimately into the San Juan River confluence in Farmington, NM and 
beyond into the Navajo Nation. Farming communities draw irrigation water from the Animas and San Juan 
Rivers, raising concerns that metal-laden water in the river was spread across farm fields as irrigation water. 
As the pollutant plume moved down the river, a reddish sludge was deposited in the river sediment and 
along the riverbanks. Initially, the water containing the plume was cloudy as the sludge was suspended in 
the water. However, after several weeks, the initial plume ran its course downstream and the water running 
down the Colorado portion of the Animas River near Durango appeared quite clear in September 2015; so 
clear in fact that the coating of the orange sludge on the bottom of the river and adjacent banks was readily 
apparent. The concern now is the remaining sludge in the river will slowly be carried downstream as 
irrigation ditches are once again activated for the 2016 growing season.

In an effort to rapidly respond to the threat to soil health in the farm fields of the area, the Natural Resources 
Conservation Service (NRCS), New Mexico State University (NMSU), and Texas Tech University (TTU) 
partnered to use state of the art portable X-ray fluorescence spectrometry (PRXF) for rapid, on-site analysis 
of soil elemental composition. PXRF spectrometry is a novel, yet widely accepted means of rapid elemental 
assessment in soils and sediments. Reference methods for the technique have been developed both by the 
NRCS (Soil Survey Staff, 2014) and Environmental Protection Agency (US-EPA, 2007) (Method 6200) and 
NRCS referenced methods for use in soils and sediments. The operational theory, optimized uses, limitations 
and applications are summarized by Weindorf et al. (2014).

Materials and Methods

On-site rapid PRXF field scans were undertaken Sept. 1-3, 2015 using a Delta Premium (DP-6000) PXRF 
featuring a Rh X-ray tube operated at 10-40 keV with elemental quantification accomplished via integrated 
ultra-high resolution (<165 eV) silicon drift detector. Multiple types of land were evaluated including: 
irrigated lands (water taken from the Animas River), non- irrigated lands (Control), and riverbank sediment. 
The location of each soil scan was georeferenced with GPS. Scanning was conducted in a proprietary software 
configuration known as Geochem Mode which offers elemental quantification of the following elements: V, 
Cr, Fe, Co, Ni, Cu, Zn, W, Hg, As, Se, Pb, Bi, Rb, U, Sr, Y, Zr, Th, Mo, Ag, Cd, Sn, Sb, Ti, Mn, Mg, Al, Si, P, S, 
Cl, K, and Ca. Geochem mode consists of two beams; each was set to scan for 30 sec, such that one complete 
sample scan took 60 sec. PXRF performance was assessed via scanning of two NIST certified soil standards.
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Results and Discussion

Notably, the riverbank sediment was observed to be a mix of natural alluvial sediment and Gold King Mine 
sludge; the two of which had substantively different elemental signatures. In total, 140 samples were scanned 
in three days. Summary results are provided in Table 1.

Table 1. Elemental concentration ranges and averages for soils and sediments scanned with PXRF in the Animas River 
Valley in Colorado and New Mexico. All units are in mg kg-1.

Generally, the properties of the river sludge sent down the Animas River had Pb levels of ~600-800 mg kg-1; 
and higher levels of Fe, Cu, and Zn. Notably, the residential screening limit for Pb in soils is 400 mg kg-1 
(Brevik, 2013). These sludge materials were found both in New Mexico and Colorado, both on the stream 
banks and underwater. Irrigated lands along the Animas River tended to have slightly higher levels of metals 
than non-irrigated “control” areas, although these were below agricultural loading rates notably for Pb. 
Nevertheless, it is essential we monitor these areas over time as more sludge sediment washes down the river 
and potentially spreads out via irrigation. It is unclear whether contaminated sludge will move down into 
New Mexico over time in response to hydrologic pulses (snow melt, flash floods, etc). The level of metals 
found in sludge along the Animas River warrant careful observation and extensive spatial and temporal 
sampling are recommended such that the levels of metals in soils of the Animas

River Valley will be more thoroughly understood in an effort to protect and optimize soil health. If areas of 
accumulation are noted, phytoremediation or other remediation strategies should be undertaken to ensure 
that the metal laden soils do not pose a risk for metal bioaccumulation in plants or feedstocks used by 
humans or animals.

This technology will be put to use in two phases of the project: 1) initial, rapid, on-site assessment of metal 
levels in soils of the Animas River Valley, and 2) long term monitoring whereby temporal accumulations of 
metals can be studied and documented as irrigation with river water once again resumes.

Acknowledgements: 
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Abstract 10 – Both Oral and Poster

Livestock production in San Juan County, NM is an 18-million-dollar industry with over 700 producers 
owning livestock (NMSU San Juan County Cooperative Extension). Alfalfa and other forage hays dominate 
much of the irrigated agricultural landscape. There are commercial apple orchards and grape vineyards 
in addition to farms that grow high value specialty horticultural crops including vegetables, herbs and cut 
flowers. Irrigation ditches that divert water from the Animas/San Juan rivers consist of intake points directly 
from the Animas River which are regulated by the New Mexico (NM) Office of the State Engineers and 
Federal Government (on the Navajo Nation) and operated by community ditch cooperatives and farm boards. 
The irrigation season typically begins around late April and ends late October, at which point the main ditch 
intakes are closed for the winter.

In August 2015, three million gallons of heavy metal contaminated water were accidentally released from the 
Gold King Mine (GKM) into the Animas River (EPA 2015; https://www.youtube.com/watch?v=ZBlR05tDCbI). 
Orange colored sediment laden with heavy metals including Pb, As, and Mn was evident along the river one 
month after the spill. Significant amounts of river sediments accumulate in irrigation ditches, smaller laterals, 
and gated irrigation areas during the growing season and constitute a potential threat to agricultural lands.

As a precaution against contaminating irrigation ditches, ditch cooperatives in NM and the Navajo Nation 
closed main diversion points into the 20 or so irrigation canals about 48 hours before the mine spill plume 
arrived in NM (San Juan Agricultural Water-Users Association 2015). The majority of irrigation ditches 
reopened after the EPA declared the river “safe” and irrigation resumed. The Navajo Nation made the 
difficult decision to open some ditches, while leaving others closed. In Northwest NM, some irrigators on and 

Typical furrow irrigated system in San Juan County, NM.
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off the Navajo Nation ceased irrigating crops for the 2015 growing season, just at the time most crops were 
maturing for harvest.

The GKM spill is hitting the region just as there is a resurgent interest in local food production among both 
Anglo and Indo-Hispano cultures. Contamination of the Animas and San Juan Rivers following the Gold 
King Mine blow-out raises a number of questions by farmers and ranchers in San Juan County who are still 
anxious about the safety of the water and soil. Because the ditches were dry for about 10 days during the 
closure of the river, this gave our team the unique opportunity to establish base-line measures of irrigation 
ditch sediment in dry irrigation ditches for future long-term monitoring of the river/irrigation ditch/
agricultural field interface and potential contamination threats to agricultural lands.

One of the objectives of our response to the mine spill centered on the following questions: 

• What was in the ditch sediment before the spill?
• What is in the ditch sediment after the spill?

Methods, Procedures and Facilities: Thirteen irrigation ditches in San Juan County from the Colorado border 
to Farmington, NM were sampled August 11-August 14, during the ban on irrigating crops. We sampled 
only non-contaminated sediments. Where possible, sample transects were made downstream of a NM Office 
of the State Engineer (NMOSE) gage station. These gage stations monitor flow data in real time and may 
provide clues to ditch sedimentation. The following week, three main ditches on the Navajo Nation were 
sampled. Permission to sample was obtained by ditch companies, the NMOES, Navajo EPA and Navajo 
community farm board members. In one main ditch, we pulled transects at six locations from various points 
along approximately 15 miles (24 km). Sample sites were recorded with GPS. Through repeated measures, 
we resampled the same irrigation ditch locations during the winter 2015-2016, once the main intakes were 
closed for the winter. Because ditch sedimentation during the irrigation season can vary, at each sample 
point, we attempted to auger to 18-24 inches (46-70 cm) deep in three separate core pulls (6-8 inches long per 
core). Total metals from soil was measured following USEPA method 3051A (USEPA, 1998) using inductively 
coupled plasma optical emission spectrometry (ICP-OES) analysis. Baseline samples are now analyzed and 
we are beginning to analyze time 2 ditch sediment samples.

Our goal is to help restore consumer confidence and grower trust in the region by continuing to sample 
ditches and fields to ascertain if soil contaminant concentrations are below or similar to pre-August 2015 
levels. These evaluations are critical to reassure growers and consumers in the region that the products grown 
on soils in the Animas and San Juan River Watersheds are safe.

Acknowledgements: We thank the NMSU Agricultural Experiment Station for salary and material support.
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Abstract 11 

Following the August 5, 2015 bulkhead breach of the Gold King Mine, roughly 3 million gallons of mine 
waste water and tailings were introduced to a tributary of the Animas River, turning the waters a vivid 
orange. While the river has since returned to its normal color, there is concern that the toxic metals left 
on the streambed may begin to seep into the shallow alluvial aquifers and impact the groundwater in the 
surrounding area. In August 2015, in collaboration with other agencies (USGS, NM OSE, and NMED), 
groundwater level measurements were collected at over 100 locations along the Animas River. Using the 
network of wells established in 2015, we developed a groundwater level monitoring program in the Animas 
River valley utilizing private domestic wells. The purpose of this project is to evaluate seasonal changes to 
the hydraulic conditions along the NM reach of the Animas River. Future sampling campaigns will help us 
understand the seasonal fluctuations of the water table and if it will affect the groundwater/ surface water 
interaction in the area.

Continuously recording pressure transducers 
were installed in two wells in early September 
2015 to collect water level and temperature data 
every 12 hours.  From a continuous record of 
groundwater level we can see brief fluctuations in 
water levels that help us understand what factors 
have an influence on the water table in the area. 
These records of water level change were plotted 
alongside a precipitation record from Aztec, an 
Animas River flow gauge, and a record of flow in 
an irrigation ditch south of Aztec, NM (Figure 1). 
The hydrographs show a pronounced connection 
with the ditches and river. Short spikes in river 
stage can be seen in both wells as small rises in their 
water level record. When the ditches were shut off 
one of the wells began torapidly decline.

Following our preliminary water level 
measurements in August 2015, a second round of 
water level measurements was collected in January 
2016. The August water level measurements 
provided us with a snapshot in time of the flow 
conditions during the monsoon and irrigation 
season, when water levels are high. The January 
sampling represents base flow conditions in the 
river. Of the 70 wells with repeat water level measurements, the majority of the wells had a decline in water 
level of 2.1 ft, on average, between August 2015 and January 2016.In general, the wells north of Aztec show 
more decline than the wells to the south.

Figure 1. Hydrographs from two wells with continuous 
data recorders, plotted with potential influences. Well 
AR-007 is located 4 miles southwest of Aztec, on the east 
side of the river. Well AR-028 is located just north of 
Farmington, on the west side of the Animas River
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In addition to the new water level measurements our analysis has been further supplemented with the 
release of a LiDAR dataset of the Animas River Valley. LiDAR, in this case, is being used as a high-resolution 
elevation model of a land surface. The improved spatial resolution of the LiDAR dataset allows us to more 
accurately approximate the water level elevation based on the higher resolution ground surface elevation.  
Additionally, this high precision dataset allows us to more accurately represent the changing stage of the 
Animas River, to better understand how its fluctuations effects the groundwater/surface water interactions.

The higher resolution data has slightly changed our interpretation of the groundwater flow in the valley. In a 
broad sense, the river is still a gaining system, where groundwater from the surrounding valley flows down 
gradient toward the river. However, by looking at the water levels in close proximity to the river, we find 
that the water table gradient is very flat, and even losing in places. With a flat water table, fluctuations in the 
river stage can turn a slightly gaining reach to a slightly losing reach. The degree to which the river is losing 
is so slight (less than 1 ft) that it is not detected by coarse resolution, regional water table maps. In areas with 
dense enough sampling we refined the contouring to 5 ft intervals.

While this does not mean that these wells are in immediate danger of drawing water from the river, it does 
indicate that there are reaches of the river that are slightly losing. This means that metals that are resting on 
the streambed have the potential, hydraulically, to move into the groundwater. The water levels indicate that 
losing reaches are more prevalent during the winter months, when the water table is lowest.
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Abstract 12 

The NMBGMR has been examining the environmental effects of mine waste rock piles throughout New 
Mexico since the early 1990s, including the effects of mineralogy, chemistry, and acid potential on particle size 
fractions. Compositional changes between different size fractions of waste rock piles and other materials were 
examined in 4 separate areas in New Mexico over the years; including the Pecos (Terrero) mine and Alamitos 
Canyon (El Molino) mill in San Miguel County, Hillsboro district in Sierra County, Questa molybdenum 
mine in Taos County, and 6 mining districts in Socorro, Sierra and Otero Counties. These 4 studies examined 
both man-made waste rock piles and natural materials (stream sediment, debris flows, alteration scars) and 
included materials of different lithologies and deposit types. None of these areas are currently in production, 
however, efforts are underway to permit and reopen the Copper Flat copper mine in the Hillsboro district. 
The Pecos mine and Alamitos Canyon mill have been reclaimed. The Pecos (volcanic massive sulfide deposit) 
and Questa (porphyry molybdenum) mines are found in the Sangre de Cristo Mountains in northern New 
Mexico, where elevations range from 2,000 to over 3,600 m and the climate is semi-arid and alpine, with 
cold snowy winters and moderate warm summers. The Hillsboro (porphyry copper and polymetallic veins) 
and other 6 mining districts (carbonate-hosted and vein deposits) are in southwestern New Mexico where 
elevations are lower (1,500 to 2,400 m) and the climate is arid, with moderate winters and hot summers. 
Monsoons occur during July and August throughout New Mexico.

Detailed petrographic examinations of materials forming the waste rock piles as well as local host rocks 
provide insights into understanding the geologic, geochemical, pedological and man-influenced processes 
that can result in the variations in mineralogy and chemistry within different particle size fractions. The size 
of the original primary igneous minerals during crystallization, often in a fine-grained groundmass, results in 
minerals of different sizes that are subsequently liberated from the rock fragments. Some of these minerals, 
such as biotite and hornblende, are more susceptible to weathering and liberation from the host rock than 
other, more resistant minerals, such as quartz.

In general, there are consistent results between the 4 studies. The finer-size fractions are typically the 
smallest proportion of the sample by weight (generally, <25% in the <2 mm fraction). However, the greatest 
enrichments of trace elements generally occur in the finer-size portion of the sample.

In the Questa samples, feldspar, quartz, and pyrite are generally higher in the coarser-size fraction. Total 
clay minerals, gypsum, and jarosite are higher in the finer-size fraction. Paste pH values decrease from the 
coarser-size fraction to the finer-size fraction, but not all samples show a significant decrease. The coarser-size 
fractions are less acid generating than finer-size fractions. Na2O and S increase in the coarser-size fraction, 
whereas SO4 decreases in the coarser- size fraction. Al2O3 shows little change with different size fractions.

Pre-mining hydrothermal alteration and weathering can result in the replacement of larger primary silicate 
minerals by smaller hydrothermal clay minerals. These replacement clay minerals can remain in the 
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larger size fractions until liberated during mining and dumping into the rock piles or subsequent physical 
weathering. Much of the material forming waste rock piles is actually small rock fragments that contain 
these minerals. In many rock pile samples, the fine-grained soil matrix is weathered, while interiors of rock 
fragments (even within weathered rock pile material), exhibit little or no signs of weathering.

The finest size fractions (<63 μm) of stream sediments from the Pecos River contained the largest 
concentrations of metals (Cu, Pb, Zn). Chemical analyses of 6 sediment size-fractions from 6 sites suggested 
that the metals were predominantly traveling both as suspended and/or absorbed material and as larger 
minerals or other grains weathered from the waste rock pile and the tailings pile. Statistical analyses of 
geochemical data indicated that Cu, Pb, and Zn had a high correlation with Fe and Mg, suggesting that these 
metals were associated with Fe-bearing and ferro-magnesium minerals such as magnetite, pyrite, biotite, 
pyroxene, etc.

In a study of waste rock piles from different types of deposits in the Hillsboro district in central New Mexico, 
the <0.25 mm size fraction typically contained the highest Cu, Pb, Zn, and As concentrations. The <0.25 mm 
size fractions represented <20% of the total sample weight.

Of the 39 samples analyzed from different host rocks and different types of deposits in 6 mining districts in 
southwestern New Mexico, about half of the samples had the largest concentration of the various elements in 
the finer-size fractions. For the trace elements, enrichment occurred in the finer-fraction for more than half of 
the samples in all districts for As, Ba, Co, Cr, Cu, La, Li, Mo, Nd, Sc, and V, with slightly lesser enrichments of 
Ce, Mn, Ni, Pb, Sr, Y, and Zn.

Collectively, these results are consistent with weathering being more pronounced in the finer-size fraction 
than the coarser-size fraction. The dissolution of pyrite, calcite, and to a lesser extent some combination of 
chlorite, illite, feldspars, smectite, and other silicate minerals are the predominant chemical reactions that 
result in the precipitation of gypsum, jarosite, soluble efflorescent salts, and Fe oxide/hydroxide minerals. 
These precipitates are mostly in the finer-size fractions, although some authigenic gypsum crystals can be 
quite large.

No single geologic, geochemical, pedological or man-influenced process is responsible for the differences 
in composition between particle size fractions. The effects of primary igneous crystallization, pre-mining 
hydrothermal alteration and weathering, and post-mining blasting, hauling, dumping, and emplacement 
into the rock pile and subsequent weathering affect the composition of each size fraction. This emphasizes 
the need to determine not only the composition of the different size fractions, but also perform detailed 
mineralogy and petrology investigations to understand the processes involved in controlling the 
compositional differences between size fractions. Although the results are generally consistent, there is some 
variation between samples and it is recommended that composition of different particle sizes be examined at 
all environmental sites, especially mine sites.

The importance of understanding the effect of composition on particle size can be used to (1) help plan and 
assess reclamation procedures, (2) compare trace-element concentrations in mined versus undisturbed areas, 
(3) determine background concentrations, (4) determine the best size fractions for prediction tests, such 
as humidity cell or other column tests, and (5) provide background data that can assist with the planning 
of future mining operations. Benefits to the public include the assessment of changes in environmental 
parameters of pre-, post-, and abandoned-mined lands, including changes where mining and reclamation 
activity have improved the quality of those environmental parameters.
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Abstract 13 

A case study of cooperative efforts between industry, government agencies, and community stakeholders to 
achieve source control of legacy mining contamination is presented.

The Terrero (or Pecos) mine exploited a volcanogenic massive-sulfide ore body, with at least 50% sulfide 
minerals, near the confluence of Willow Creek with the Pecos River that was discovered in 1881 and was New 
Mexico’s largest Pb-Zn producer from 1927-1939. The Terrero underground mine produced 2.3 million tons of 
ore grading 2.9% Pb, 9.2% Zn, 0.4% Cu, 2.4 oz/ton Ag, and 0.08 oz/ton Au worth more than $40 million. Major 
ore minerals included sphalerite, galena and chalcopyrite in a gangue of quartz, sericite, pyrite, pyrrhotite, 
chlorite, actinolite, sericite, tourmaline, and minor calcite. Ore was crushed at the mine and transported via 
aerial tramway 19 km south to El Molino mill, in Alamitos Canyon, which flows through the Village of Pecos 
before discharging into the Pecos River. “Terrero” is Spanish for mine dump.

Mine waste was piled on slopes surrounding the shaft, deposited into Willow Creek and onto the Pecos River 
floodplain. Shaft drainage water was released from a log flume near the mouth of Willow Creek. Metal-laden 
acid drainage with suspended solids flowed into beaver- created wetlands at the confluence of Willow Creek 
and the Pecos River. Under normal streamflow, solids settling and microbial metal reduction in the beaver 
wetlands greatly reduced the impact of mine runoff on the Pecos River. During high precipitation events 
when the Pecos River was at low runoff, the wetlands were unable to detain flows from the mine site and 
attenuate metals entered the Pecos River. Downstream of the mine site, elevated metals were detected in 
Pecos River sediment, benthic macroinvertebrates, fish tissue, and in small mammals. The Pecos River and 
Lisboa Springs Fish Hatchery, 17.7 km downstream of the mine, had a history of fish kills that coincided with 
high precipitation events when the Pecos River was at moderate to low flows. High levels of Zn and Al are 
believed to have been at least partly responsible for some of the fish kills.

While mill recoveries were considered good by the standard of the day, process tailings contained as much as 
10% Pb, 19% Cu and 6% Zn. Tailings slurry from the mill was discharged directly into Alamitos Canyon, and 
stored behind two earthen dams, 0.7 and 1.5 km downstream from the mill. Tailings dam failures dispersed 
tailings downstream in Alamitos Creek and into the Pecos River including portions of the Village of Pecos. 
After the dam failure, tailings eroded by Alamitos Creek provided an ongoing source of contamination into 
the Pecos watershed. Surface water contained Cd, Pb, Fe and Mn in excess of standards. Stream sediments 
contained elevated Fe, Cu, Pb and Zn. Groundwater in alluvial and bedrock aquifer monitoring wells near the 
tailings contained sulfate, Mn and total dissolved solids in excess of state standards.
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The Terrero mine, El Molino mill and tailings site were acquired by the State of New Mexico in 1950 from the 
successor in interest to the mine owners who retained the mineral rights for all those properties. Up until the 
1970s, waste had been removed from the mine and mill sites and used as fill and construction material on 
Federal and State land for roads, campgrounds, a trailhead, and the state Lisboa Springs fish hatchery.

Early spring rainfall runoff from the Terrero mine in 1991 caused a massive fish kill, more than 90,000 trout 
died at the hatchery. The fish kill brought attention to the unaddressed contamination from the mine and mill. 
Concerns about human health led the U.S. Forest Service (USFS) to close forest roads, campgrounds and a 
trailhead where mine waste had been used as fill. The U.S. Fish and Wildlife Service reported Pb in fish tissue 
at or near the human consumption criterion and in small mammal tissue above raptor protection criterion. 
Publicity generated by these 1991 events had a severe impact on the recreational-based economy of the 
Village of Pecos. Discussions among industry, government agencies and a range of community stakeholders 
reached a consensus that corrective actions were necessary. However, both AMAX Mining Company, which 
had retained the mineral rights, and the State of New Mexico that owned the surface, wanted to avoid being 
designated as “potentially responsible parties” were the site listed on the Superfund National Priorities List, 
which requires State approval. Local officials and outfitters were concerned about the stigma of a Superfund 
listing on the recreation- based economy of the Village. The parties were interested in a Superfund level of 
cleanup without the perceived cost, delay or economic stigma they associated with Superfund listing.

The mining company and state agencies agreed to an Administrative Order on Consent (AOC) containing 
many provisions parallel to Superfund process to be executed under state authority with Federal oversight. 
The December 2, 1992 AOC was signed by NMED, the N.M. Natural Resource Damage Trustee, the N.M. 
Department of Game and Fish, the N.M. Highway and Transportation Department, and AMAX. The AOC 
included a Cost Sharing Agreement where AMAX was responsible for 80% of the total cost of investigation, 
remediation and natural resource damages, and the State of N.M. was responsible for 20%. The USFS was not 
a party to the AOC, but allocated $1.2 million to remove or cap mine waste that had been used as fill at roads 
and campgrounds. The AOC addressed contamination at the Terrero mine, El Molino mill, campgrounds and 
recreational use areas, roads, and the Lisboa Springs Hatchery. The AOC included a Remedial Investigation, 
Applicable or Relevant and Appropriate Requirements (ARARs), Human Health and Ecological Risk 
Assessment, a Community Relations Plan, a Natural Resource Damage Assessment, Interim Remedial 
Actions, a Feasibility Study, a Decision Document, Remedial Design, and Remedial Action minimizing 
Superfund milestones.

During the 1990s and 2000s, mine and mill waste were consolidated and stabilized with vegetated soil covers 
with the mine waste cover including a geosynthetic liner. Waste used as road fill was chip sealed. Following 
removal of mine waste, Willow Creek was reconstructed. A vertical metal cutoff barrier installed upgradient 
of the waste diverted site run-on. Mill tailings were consolidated in place, and Alamitos Creek was 
reconstructed on top of the tailings using a soil substrate, geosynthetic liner and 18” rip-rap in a channel with 
a 1,250-year design flow capacity. Subsurface concrete cutoff walls were installed to prevent groundwater 
flow in Alamitos Creek. Floodplains, wetlands and riparian habitats were restored or replaced and the 
tailings and mine waste surface revegetated. Mine shafts were capped and water level monitors installed. 
Corrective actions, monitoring and maintenance are ongoing in 2016.

Since the mid-1990s, no fish kills attributable to the Terrero mine have occurred. By 2000, metal concentrations 
in Pecos River sediment downstream from the mine had decreased. Exceedances of Water Quality Criteria 
for Cd, Zn and turbidity in Willow Creek also decreased after restoration. NMED removed turbidity from the 
list of impairment parameters for Willow Creek in 2004, and removed Cd and Zn from the impairment list in 
2012. The recreational economy of the Village of Pecos and the Upper Pecos River remains intact following 
cleanup.
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Abstract 14 

The Durango Colorado Mill Site contaminated the Animas River from 1880 to 1990. The Animas River flows 
south into the San Juan River and onward to the Colorado River’s Lake Powell.  The Animas River is used 
as the agricultural and domestic water supply for Aztec, Farmington, and Shiprock, New Mexico. The site 
was not only a mill, but also a smelter and refinery. This was a processing site for lead from 1881 to 1930, for 
vanadium from 1942 to 1946 and for uranium from 1949 to 1963.  The mine was closed in 1963 after a detailed 
radiological study was conducted from 1953 to 1960. The site was designated a Superfund Cleanup site and 
the cleanup occurred from 1986 to 1991.

The presentation will discuss the history, type of processing, and different contaminates for each specific site 
use; lead, vanadium, and uranium. This will include loss of process solutions, smelter stack gasses, and the 
various chemicals and metals released into the environment, especially the river. An alarming amount of toxic 
materials were released.

Due to a greater availability of information more emphasis will be placed on uranium processing. Information 
will include the release and monitoring of radioactive contaminants that forced the closure and cleanup of 
the uranium processing site. Also, the presentation will contain information on U.S Public Health Service’s 
(USPHS) human radiation exposure reports and the Atomic Energy Commission’s (AEC) first environmental 
radioactivity monitoring lab, based in Farmington that operated from about 1955 to 1965. A review will be 
given on measurement units and laboratory instrumentation then and now. The current drinking water 
standards Maximum Contamination Levels (MCLs) for radioactivity and for various metals will be included.
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Abstract 15 

The August 2015 Gold King Mine release sent 3 million gallons of acidic, metal-rich water flowing down 
Cement Creek and the Animas River in southern Colorado, creating an orange plume of contamination that 
extended into the San Juan River in northern New Mexico. This unfortunate incident has refocused attention 
on the Silverton Colorado area, where mining activities dating back to the 1800s have adversely affected 
water quality in the upper Animas River, Cement Creek, and Mineral Creek. This presentation describes 
instream water quality in the Silverton area before, during, and after the Gold King Mine Release, with 
emphasis on the predominant sources of contamination, as well as the fate and transport processes that affect 
metals as they move downstream.

Water quality prior to the release is described using data from an October 2012 synoptic study that provides 
spatially detailed profiles of streamflow, concentration, and metal load. Results of the 2012 study indicate 
that concentrations of aluminum, cadmium, and zinc exceeded chronic aquatic life standards over the entire 
length of the study reach (Cement Creek headwaters to Bakers Bridge on the Animas R. upstream from 
Durango) (Figure 1A). Spatial profiles of metal load indicate specific source areas for various metals. The Red 
and Bonita Mine on Cement Creek, for example, accounts for nearly 20% of the zinc loading within the study 
reach. Further, the North Fork of Cement Creek, which includes drainage from the Gold King Mine, accounts 
for 40% of the copper load, and Mineral Creek accounts for over 40% of the aluminum load (Figure 1B).

Water-quality samples collected at the mouth of Cement Creek during the second week of the release 
document increases in aluminum, copper, and other metal loads when compared to historical data from 
2009-2014 collected under similar low-flow conditions (Figure 2). Metals transported from the Silverton area 
are subject to pH-dependent reactions (precipitation and sorption) that transform metals from the dissolved 
phase to colloidal particles as pH increases. These colloids aggregate and settle to the streambed, which can 
lead to elevated metal concentrations in the sediment. Bed sediment samples collected at USGS gage 09359020 
(Animas River below Silverton, CO) after the release suggest increased concentrations of arsenic, chromium, 
copper, and vanadium when compared to data collected prior to the release (September 2014) (Figure 3A). 
Sediment concentrations of cadmium, iron, manganese, nickel, titanium, and zinc were lower following 
the release (Figure 3B), whereas silver, aluminum, and lead concentrations were relatively unchanged. 
These results suggest that the effects of the release on overall sediment quality may be minimal, relative to 
historic conditions. The quantity of contaminated sediments has likely increased, however, and additional 
monitoring may be needed to assess the effects on aquatic life, irrigation and water-supply infrastructure, and 
recreational resources.
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Abstract 16 

The Gold King Mine (GKM) Spill on August 5th, 2015 highlighted a 100 year old problem in the Animas 
River: acid mine drainage from the Silverton Caldera region and its effects on the downstream fish 
communities. Dissolved metals such as zinc, cadmium, copper, lead, and iron can affect fish health, mortality, 
species composition and distribution. During the peak of the spill Colorado Parks and Wildlife (CPW) 
monitored the acute effects on the fish community in Durango using 108 fingerling rainbow trout set out in 
sentinel cages. Post spill, CPW repeated a suite of fish population surveys to assess the possible acute impacts 
to fishes ranging from south of Durango, Colorado to the headwaters of the Animas river near Silverton. One 
rainbow trout fingerling died during the 96 hour exposure period during the peak of the spill. The abundance 
and distribution, species composition, and overall condition of fishes were similar to pre-GKM estimates. A 
young fish survey conducted in July 2015 and repeated post GKM in early September also suggests no acute 
impacts to the fish community occurred as a result of the spill. Colorado Parks and Wildlife will repeat the 
same fish population surveys under similar field conditions in 2016 to assess long-term impacts on the fish 
community.
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Abstract 17 – Both Oral and Poster

The concentration and speciation of major and trace elements contaminants in water and sediments of 
the Animas River was investigated in samples collected during August 17th-18th, 2015, after the Gold King 
Mine spill occurred on August 5, 2015. A combination of spectroscopic, microscopic and water chemistry 
techniques was used to better understand the short-term impact of the spill, which will contribute to elucidate 
the long-term consequences of recurrent mine waste contamination events.

For this study we took water and sediment samples in 
different locations across the Animas River watershed, 
trying to select locations similar to those sampled by 
EPA (Figure 1). Our selected samples include a location 
in Cement Creek, CO, the Animas River tributary where 
the spill occurred, and one in the San Juan River near 
Farmington, NM. The rest of the locations were selected 
in the Animas River from before the confluence with 
Cement Creek, CO, downstream to Farmington, NM.

The total concentrations of different metals in the water 
were within typical background levels at the time of the 
sampling trip. However, analyses of the data published 
by the EPA suggest that metals such as Pb and As exceed 
the drinking water standards of 15 μg 1-1 and 10 μg 1-1, 
respectively, at different locations of the Animas River 
after high flow events, as shown in Figure 2. In addition, 
nitrate, nitrite and phosphate were measured in water 
in the Farmington samples, a highly agricultural area, 
which suggest nutrient cycling in the river and could 
have implications in metal mobilization.

We detected the presence of high concentration of 
metals in the sediments (108.4 ±1.8 mg kg-1 Pb, 32.4 
±0.5 mg kg-1 Cu, 729.6 ±5.7 mg kg-1 Zn and 51,314.6 
±295.4 mg kg-1 Fe). The predominance of clay, jarosite, 
and alumino-silicate minerals was determined by 
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XRD analyses in these sediments, which are relevant primary minerals known to accumulate metals in the 
environment. Analyses using XPS detected the presence of sulfates, phosphates and nitrogen species in the 
surface of the sediments; Fe as 75% Fe(II) and 25% Fe(III) upstream the Animas River, but Fe(III) was the 
predominant specie in the surface of the Farmington sediments; and 100% Pb(II) in the samples from Cement 
Creek and Hermosa. The co-occurrence of Pb, Cu, Zn and Fe with sulfate was identified in these sediments 
using TEM, confirming the presence of metal-bearing jarosite (KFe3+ 

3(OH)6(SO4)2). The Mössbauer analyses of 
the samples from Cement Creek and Hermosa also shows the jarosite mineral in the sediments. The water at 
Cement Creek has a pH 3.3 but it increases into the alkaline range in the Farmington area, thus, the detection 
of jarosite in sediments from this location confirms the stability of this metal-bearing phase under acidic 
conditions.

The presence of nutrients in the sediments and water in the Farmington samples and the accumulation 
of metals in clays and precipitation as metal-bearing minerals highlight the relevance of understanding 
biogeochemical interactions to further asses the long-term stability of the contamination in the sediments of 
the Animas River watershed.

Figure 2. Total metal concentrations (https://www.epa.gov/goldkingmine/date-gold-king-mine-response) in water 
following the Gold King Mine Spill (marked as the red bar in the graphs). The spikes in total arsenic and lead 
concentration correspond with high flow events in the Animas River in Colorado (top graph) and in New Mexico 
(bottom graph). The dashed lines represent the drinking water standard concentration of 10 μg 1-1 for arsenic and 
15 μg 1-1for lead
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Abstract 18 – Both Oral and Poster

On August 5th, 2015 the EPA conducted an investigation of the Gold King Mine near Silverton, Colorado 
in order to assess the on-going water releases from the mine, treat mine water, and assess the feasibility of 
further mine waste remediation. While excavating near the entrance of the mine, pressurized water began to 
leak from the adit of the mine, spilling approximately 3 million gallons of heavy metal contaminated mine 
waste into Cement Creek, a tributary of the Animas River. (epa.gov) 

On August 17th-18th, 2015 The University of New Mexico visited sites shown in Figure 1 along Cement 
Creek, Animas River, and San Juan River. At these sites, sediment samples were taken to determine metals 
composition, and microbial communities associated with the sediment. Basic water quality parameters were 
also measured such as water temperature, dissolved oxygen, conductivity, pH and oxidation-reduction 
potential. Sediment samples were sent to Research and Testing Laboratory for DNA extraction and Illumina 
Next Generation Sequencing.

As shown in Figure 2, Iron and Total metals concentrations are highest in sediment at sample locations closest 
to Cement Creek where the Gold King Mine discharged. Further downstream, concentrations of metals 
decrease and level off near the confluence of The Animas and San Juan rivers. The diversity of microbial 
samples collected at each site has been determined by calculating the Shannon Diversity Index (SDI) (Lande 
1996). By this measure, microbial diversity appears to be generally lower at upstream sites with sediment 
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containing high metals concentration. As metal concentrations decrease downstream, microbial diversity 
appears to recover by the steady increase in the SDI.

Figure 3 shows a dramatic change in sediment bacteria family communities observed in the Animas River 
upstream and downstream of the Cement Creek confluence. Upstream of the confluence, Cement Creek is 
rich in Gallionellacae (60.4% relative abundance), where the Animas River upstream of the confluence is all 
but missing this family (0.07% relative abundance). The family Gallionellacae is well document to consist 
of Iron oxidizing bacteria (FeOB) that mineralize dissolved Fe(II) to a precipitated Fe(III) in the form of 
extracellular bio-mineral structures (Krepski et al 2012). This process is important at acid mine draingage 
impacted sites because iron is usually the most abundant metallic element, and other heavy metals may co- 
precipitate or adsorb to Fe(III) precipitates formed by FeOB such as Gallionellacae (Stumm et al.1996, Fabisch 
et al. 2013).

Figure 3. Illumina next generation DNA sequencing results for sediment samples in the Animas River watershed 
sorted by familiar. Bacteria familiae observed at less than 3% relative abundance across all locations were grouped 
together for visual simplicity

References:
Emergency Response to August 2015 Release from Gold King Mine. https://www.epa.gov/goldkingmine

Fabisch, M., Beulig, F., Akob, D., Kusel, K. Surprising abundance of Gallionella-related iron oxidizers in creek sediments at pH 4.4 or at high heavy 
metal concentrations. Frontiers in

Microbiology (2013) Volume 4 Article 390

Krepski, S., Hanson, T., Chan, C. 2012. Isolation and characterization of a novel biomineral

stalk-forming iron-oxidizing bacterium from a circumneutral groundwater seep. Environmental Microbiology (2012) 14(7), 1671–1680

Lande, Russell. Statistics and Partitioning of Species Diversity, and Similarity among Multiple Communities. Oikos, Vol. 76, No. 1 (May, 1996), pp. 
5-13

Stumm, W., Morgan, J., (1996). Aquatic Chemistry: Chemical Equilibria and Rates in Natural

Waters. New York, NY: John Wiley and Sons.



2016 Oral Abstracts82

2016—2018 Conference Compendium Proceedings

Total and Dissolved Surface Water Metals – Post-Gold King Mine Spill 
Trends in the Animas and San Juan Rivers

Diane Agnew, Bruce Yurdin, and Dennis McQuillan 
New Mexico Environment Department

121 Tijeras Avenue NE, Albuquerque, NM 87102

diane.agnew@state.nm.us 505-222-9555

Abstract 19 

More than 3 (three) million gallons of heavy metal contaminated water was discharged from the Gold 
King Mine (GKM) into Cement Creek, a tributary to the Animas River, near Silverton Colorado (CO). The 
contamination plume, consisting of surface water and sediment, flowed into the Animas River and continued 
to migrate downstream into New Mexico, eventually flowing into the San Juan River and into Lake Powell, 
Utah (UT). The Animas and San Juan Rivers have multiple uses throughout the impacted area; uses include 
recreational (primarily in the state of CO), agricultural, public water supply, and water hauling.

Time-series data collected from 31 U.S. Environmental Protection Agency (EPA) surface water sampling 
sites in the Animas and San Juan Rivers were evaluated for total and dissolved metal trends following the 
GKM Spill. Concentrations of total and dissolved metals were plotted over time using the EPA GKM spill 
response data to evaluate concentration trends over time. Metal concentrations, in both total and dissolved 
phases, peak following high-flow events in the Animas and San Juan Rivers with the primary contaminants of 
concern identified as aluminum, arsenic, and lead.

Dissolved and total peak concentrations for arsenic and lead, following high-flow events, are observed to 
exceed the NMQCC and EPA standards for safe drinking water (Figures 1 and 2). The magnitude of the peak 
metal concentrations generally increase downstream, with the highest peaks observed in the San Juan River 
immediately downstream of the Animas-San Juan confluence and near Bluff, UT.

The downstream, increasing trend of metal concentrations is consistent with the conceptual model that 
sediment drops out of suspension near the NM-CO Stateline as the topography flattens and the river system 
widens. Additionally, the EPA estimates that approximately 80 percent of the suspended sediment from the 
spill was deposited in the CO reaches of the Animas River, which as the potential to be remobilized during 
high flow events associated with spring runoff and storm events. This sediment is a continued source, 
releasing metals into the surface water to be transported downstream.

The data evaluated is limited to the 2015 late-monsoon season and does not represent trends that may occur 
during spring runoff with storm event imprints.
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Figure 1. Total Arsenic in the Animas and San Juan Rivers in Colorado 
(orange), New Mexico (blue), and Utah (green), EPA Sample Locations GKM 
Spill Response

Figure 2 Total Lead Concentration Trends in the Animas and San Juan 
Rivers in Colorado (orange), New Mexico (blue), and Utah (green), EPA 
Sample Locations
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Abstract 20 

Introduction

Biomonitoring is an opportunity to develop evidence- and science-based knowledge about potential 
environmental exposures. Over the past two years as part of the Four Corners States Biomonitoring 
Consortium (4CSBC), the New Mexico Department of Health (NMDOH) has been conducting biomonitoring 
in communities throughout the state. Following the Gold King Mine Spill in August 2015, San Juan County, 
New Mexico residents voiced desire for further well-water testing and exposure assessment. This provided 
a natural opportunity for NMDOH to offer this service and provide residents with the chance to participate 
and learn about their potential exposure to metals. This presentation will summarize the efforts during the 
week-long biomonitoring study that was performed in October 2015. It will detail recruitment and sampling 
methods, and present current aggregated data.

Methods

From October 26, 2015 through October 31, 2015, with the help of staff from the New Mexico Environment 
Department’s Farmington field office we visited 58 households, and enrolled 83 individuals in the study. 
Participant recruitment included contacting individuals who: 1) self-identified as interested in participating 
during a state-sponsored well-water sampling event following the spill and/or 2) had their well water tested 
by the Environmental Protection Agency (EPA) following the spill. Other recruitment methods involved 
attending community events, advertisements, and phone calls. To be enrolled in the study individuals were 
required to use their private well water for domestic purposes, such as dinking and/or cooking. Sample 
collection occurred at the participant’s home. In addition to providing a urine and water sample, participants 
completed an exposure assessment questionnaire that included demographic questions. Water samples were 
analyzed for total and speciated arsenic, cadmium, manganese, mercury, selenium, and uranium. Urine 
samples were analyzed for the same six metals and phthalates.

Results

There was a strong interest from community members in participating. Among the 386 households who 
were contacted through email and/or phone call, 17% enrolled in the study. The most successful recruitment 
method was over the phone, with 28% of phone calls resulting in enrollment. Among the 83 individuals, 71% 
of participants reported drinking their well water. Many who did not drink their water reported stopping 
drinking due to water quality concerns after the spill. We sampled the water from 58 domestic wells. Among 
those wells, 7% had a water manganese concentration greater than the EPA’s health advisory level (HAL), 
with other metal concentrations below the EPA’s maximum contaminant levels (MCL). The other 93% of 
water samples had manganese concentrations below its HAL and all other metals below their respective 
MCLs.
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**Currently urine analysis is still ongoing. Should we receive results and report these results back to individual 
participants, they will be presented as aggregate statistics.

Conclusions 

Overall, community members were very receptive, and showed strong interest in participating in our study. 
Anecdotally, participants were extremely thankful, and viewed this biomonitoring effort as a benefit to 
them. At its core, biomonitoring aims to provide individuals with data about their potential exposures to 
contaminants in their environment. These data and resources may empower them to make decisions around 
living a healthy lifestyle. 
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Abstract 21 

The August 5, 2015 Gold King Mine spill released an estimated 400,000 Kg of metal-laden solids into the 
Animas River watershed. Approximately 80% of these solids settled along the Animas River in Colorado, 
where discolored sediment is visible in the stream bed and/or floodplain at various locations.

During periods of high flow in the Animas and San Juan Rivers, metals stored in streambed sediment can 
be remobilized into the water column in both dissolved and suspended phases. Dissolved and total metals 
in the Animas and San Juan Rivers increased to levels of concern in response to high stream flow associated 
with monsoonal storm events in 2015 (Agnew et al, this conference). Increases of total metal concentrations 
in untreated river water are not a violation of National Primary Drinking Water Regulations (NPDWR). 
Public water systems that divert river water, however, 
must provide treatment that produces drinking water 
in compliance with NPDWR, and there is concern 
about the potential accumulation of metals in treatment 
infrastructure. In addition to public drinking-water 
systems, the Animas and San Juan Rivers are used for 
private domestic water supply, irrigation and livestock 
watering.

In the Animas River, the source of drinking water for 
the City of Farmington, a corresponding relationship 
between increases in total lead and increases in turbidity 
was observed in data collected from August to October 
during the 2015 monsoon season. Using this relationship, 
a turbidity level of 400 NTU corresponds with total lead 
at the approximate concentration of the NPDWR action 
level of 15 μg/L. Monitoring is presently underway to 
define the relationships between streamflow, turbidity, 
and metals (total and dissolved) during the 2016 Spring 
runoff season.

Since heavy metal concentrations are related to turbidity, 
at least during monsoon storm events, and since field 
instrumentation is capable of measuring turbidity in real 
time, the City of Farmington and the N.M. Environment 
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Department have installed a total of six multi-parameter sondes in the Animas and San Juan Rivers from 
near the Colorado border downstream to Shiprock. Four of the sondes provide real-time data to the U.S. 
Geological Survey WaterWatch website, where monitoring data can be obtained and users can self-subscribe 
to email or text alerts when parameters exceed user specified levels. The City of Farmington is using real-time 
turbidity data to inform decisions on use of the Animas River as a source of raw water during periods of high 
turbidity. Farmington’s Supervisory Control and Data Acquisition (SCADA) system can be programmed to 
automatically shut down river water intakes when turbidity exceeds specified levels.
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Ion Imprinted Polymers for Remediation by Selective Sequestration and 
Sensing of Hazardous Metal Ions

George M. Murray and Thomas E. Ward 
TechSource Inc.

1475 Central Ave., Ste. 250, Los Alamos, NM 87544

tward@techsource-inc.com 301-515-1352

Abstract 22 

The production of selective metal ion sequestering and separations materials is a growing field with broad 
application and critical importance. Industry requires vast quantities of metals and generates tons of metal 
wastes. Nuclear energy production and past weapons production facilities have created unique challenges 
in the area of metal ion separations. Normal methods of separation are unable to cope with the problem 
of efficient metal ion sequestration on a large scale due primarily to a lack of selectivity. New technologies 
are needed immediately to allow for rapid and less costly sequestration from resources with relatively 
low concentrations of metal ions. Ultimately, technology must reach a point where all metal containing 
waste streams are treated as recoverable metal resources. An ideal new technology would quickly provide 
sequestration and subsequently provide a means of reclamation of wastes by converting these wastes to 
resources of valuable raw materials.

An emerging technology that can provide these benefits is the application of metal ion imprinted polymers 
for the selective sequestering and sensing of metal ions. The ability to detect a specific metal ion in a complex 
matrix is keenly appreciated.
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Molecularly imprinted polymers (MIPS) or more specifically ion-imprinted polymers (IIPS), have been 
prepared as extractants and sensors for highly selective complexation of hazardous metal ions, including 
uranyl ions, from aqueous solutions. Molecular imprinting is a process for making highly selective binding 
sites in synthetic polymers. Current imprinting methodologies have been extended and amended in this 
work by changing the order of the steps, using monomers with improved complexing abilities, reducing the 
amount of covalent crosslinking, and changing the form factors. Metal ion imprinting is of particular utility 
since ionic and coordinate covalent bonds are reversible and directional.

This work extends the techniques and methods of previous work to solving a variety of problems in 
sequestering and sensing of uranyl and other toxic or hazardous metal ions. The work began at the binding 
site with preparation of improved ligating monomers and extended to the preparation of improved form 
factors such as macroporous beads, semipermeable membranes, nanoporous substrate coatings and ion 
selective electrodes.
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Modeling and Techniques for Long-term Monitoring and Risk Assessment 
for Transported Pollutants from the Gold King Mine Release

WITHDRAWN
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Monitoring the Animas River Alluvial Aquifer Groundwater Chemistry 
after the Gold King Mine 2015 Mine-Water Release

Stacy Timmons, Ethan Mamer, and Cathryn Pokorny 
New Mexico Bureau of Geology and Mineral Resources at NM Tech 

801 Leroy Place Socorro, NM 87801

stacy@nmbg.nmt.edu 575-835-6951

Abstract 24 

The New Mexico Bureau of Geology and Mineral Resources (NMBGMR) is a research and service division 
of New Mexico Tech, serving as the state’s geologic survey. After the August 5, 2015 mine-water release into 
Cement Creek and the Animas River, our agency undertook a hydrologic assessment of the Animas River 
and its nearby alluvial aquifer in New Mexico, from Colorado-state line to Farmington, NM. The purpose of 
this project is to evaluate seasonal changes to the hydraulic or groundwater quality conditions along the NM 
reach of the Animas River.

Our work initially focused on assisting in the compilation and evaluation of water quality data for samples 
collected in August 2015 by the U.S. EPA. In August 2015, in collaboration with other agencies including 
U.S. Geological Survey, NM Office of the State Engineer, and NM Environment Department, we measured 
groundwater level at over 100 locations along the Animas River. Building from this network of wells, with 
funding from the NM Environment Department, the NMBGMR developed a repeatable monitoring network 
in the Animas River valley utilizing private domestic wells. This abstract focuses on the water chemistry 
results, while the groundwater hydraulics is discussed in a companion abstract. An inventory of wells where 
water chemistry has been sampled is shown on Figure 1.

During the period of January 25-27, 2016, NMBGMR staff collected a total of 16 water samples from private 
domestic wells along the Animas River. Well selection criteria included 1) proximity to Animas River, 2) 
proximity to irrigation ditches, 3) wells that were previously sampled by US EPA in August 2015, and 4) wells 
with owners that were cooperative and willing to permit repeated sampling. In January, we were unable to 
sample some of the wells due to freezing temperatures and frozen well plumbing. The samples were analyzed 
for cations, anions, trace metals and the stable isotopes of oxygen and hydrogen.

Results of water chemistry sampling of private domestic wells revealed elevated levels of iron, manganese, 
aluminum, and sulfate above recommended drinking water standards (although these do not apply to private 
domestic wells). From our January 2016 results, the highest observed total iron from a groundwater sample 
was 4.58 mg/L, which is above the secondary recommendation (0.3 mg/L), and total manganese at 6.4 mg/L, 
which is also above the health advisory level (1.6 mg/L). Well owners have been provided their results in 
writing, and will continue to be with each sampling event.

We compared results from the January 2016 water chemistry sampling with previous results from samples 
collected by US EPA in August 2015. Similar to our results, the US EPA samples had elevated levels of Fe, Mn, 
SO4, and Al. Most samples collected in January 2016 exhibited higher total manganese and iron levels than 
those sampled in August 2015. It is important to continue to track these trends into the future, utilizing the 
same sampling protocols over time.

Maps of the water chemistry results show an increase in ion content and total dissolved solids in groundwater 
in a down river direction from the Colorado-state line to Farmington. Whereas, the elevated levels of iron 
and manganese appear to be more common in the Cedar Hill and Inca regions. These are areas where we 
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have noted a decrease in river gradient and minor seasonal reversals of surface to groundwater flow. Perhaps 
minor seasonal changes in gradient along this reach of the Animas, particularly at baseflow river levels, may 
have an impact to groundwater quality.

Results from stable isotopes of hydrogen range from -95.9 to -104.1‰, and oxygen from -13.4 to -14.4‰. The 
very “light” ranges of these values suggest that groundwater in the Animas River valley is predominantly 
recharged by winter precipitation.

With long-term environmental, mine-related, and anthropogenic impacts to the water quality along the 
Animas River, it is not surprising to find groundwater with elevated constituents observed in these limited 
samples. Continued monitoring of groundwater quality, through consistent and repeated measurements, 
is the only way to accurately examine any affects to groundwater related to the Gold King Mine or other 
contaminant concerns over time.

Figure 1. Location map of groundwater sampling sites. Black points are sites 
sampled by US EPA in August 2015. Yellow points are wells sampled by 
NMBGMR in January 2016 as part of a groundwater monitoring network.
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Solar and Ocean based Hydrologic Forecasts for the Animas River Leading 
to the end of 2022

Michael Wallace 
Michael Wallace and Associates

Cecchi Venture Lab, 801 University Blvd., SE Suite 101. 
Albuquerque, NM 87106

mwa@abeqas.com 505-401-3785

Abstract 25 

This author and a colleague recently demonstrated high correlations between stream flows along the 
Colorado New Mexico border and several important ocean surface temperature and pressure indexes1. The 
author has continued to develop those correlations and to derive new ones which are now partly based on 
solar indices. These forecast techniques were shown to lead to high accuracy results when applied to past sub 
decadal test periods for a client in a nearby watershed. 

Accordingly the author has adapted his existing ocean driver and related techniques to produce prototype 
hydrologic forecasts of the Animas reaching out to the year 2022. The author includes a case study related to 
his recent forecasts for the City of Santa Fe (Figure 1).

The	final	prototyped	product	projects	a	5	year	trailing	average	of	stream	flow	for	the	Animas	at	Farmington	
out	to	the	year	2022.	The	projection	technique	offers	the	potential	for	unprecedented	granularity	and	
exceptionally	long	lead	times	for	anticipation	of	sustained	high	and	low	flow	regimes	for	the	Animas	River.

Figure 1. Example of a 6 year forecast exercise for the nearby Santa Fe River
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For example, Figure 2 illustrates the author’s employment of a “stochastic landscape” profile of the Animas 
River monthly flows over the entire available Farmington time series.1 The unique mapping shows clear 
similarities on many levels with a western element of the author’s prior study area. 

This similarity lends further confidence to the projected Animas flow results. It is anticipated that 
improved forecasting will lead to more efficient utilization of resources for ongoing and planned 
Animas restoration work.

Figure 2. Example of a Stochastic Landscape quantitative representation of the full available monthly flow record for 
a site on the Animas River and for a site along the Navajo River from a previous study by the author at an adjacent 
watersjed watershed.

1 Wallace, MG and P. Chylek, 2016, Dominant Correlations of ocean indices to hydroclimatology metrics of the southwestern United States. In review 
Journal of Hydrology, Elsevier Press
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Before the River Turned Orange: Bacteria and Nutrient Pollution in the 
Animas and San Juan Rivers

Melissa May 
San Juan Soil & Water Conservation District

1427 W. Aztec Blvd. Ste. 1, Aztec, NM 87410

melissa.may@sanjuanswcd.com 505-334-3090x109

Abstract 28 – Both Oral and Poster

While pollution from legacy mining and the mineralized San Juan Mountains has always been of concern on 
the Upper Animas River, local watershed groups downstream of Silverton have been focused on other water 
pollution issues over the last 15 years. The orange color of the Animas River following the Gold King Mine 
spill captured the attention of people nationwide in August 2015, but it was a different color that catalyzed 
local groups to take action in 2002. Excessive growth of filamentous green algae in the Animas River spawned 
the development of the Animas Watershed Partnership and numerous studies investigating nutrient pollution 
in the watershed. Similarly, high levels of bacteria and sediment loading have been a long-term concern on 
the San Juan River. The San Juan Watershed Group has been working to identify and address sources of 
bacteria loading to the rivers since 2001, and has recently completed a Microbial Source Tracking (MST) study 
that investigated sources of fecal pollution on both the Animas and San Juan Rivers in 2013 and 2014. 

This study measured E.coli, total phosphorus (TP), nitrate+nitrite (NO3/NO2), total Kjeldahl nitrogen (TKN), 
turbidity, conductivity, pH, temperature, and optical brighteners, as well as a set of PCR analyses testing for 
the presence/absence of specific DNA markers that represent different host organisms. By testing for these 
Bacteroides markers, we were able to detect the presence of bacteria originating from humans, birds, horses, 
dogs, cows, and ruminants (cows, sheep, goats, deer & elk).

Ruminant source bacteria were the most prevalent; this marker was detected in 94% of all samples, and 
was found in similar concentrations across all sites (cattle sources could not be distinguished from other 
ruminants). Bird sources were present about a third of the time, while human sources were detected in 
77% of all samples. The San Juan River showed a more consistent bacteria problem than the Animas, with 
94% of samples testing positive for human bacteria, and 46% of E.coli samples exceeding the single sample 
maximum criteria for primary contact (ie: swimming). The San Juan site at Hogback exhibited the most 
serious human bacteria problem: 99% of samples were positive for Human Bacterioides, and concentrations 
of this marker were significantly higher than all other sampling sites (p<0.001). 

Animas River sites had 60% of samples test positive for human bacteria, with 13.5% exceeding the single 
sample E.coli maximum. Maximum concentrations of E.coli, total nitrogen, and total phosphorus were 
all seen between July and October, and are likely influenced by monsoon storm events. Primary contact 
standards for E.coli were exceeded at all four NM sampling sites, and Colorado standards were exceeded on 
the Florida River site. 

Nutrient concentrations followed a trend similar to the bacteria, with the San Juan exhibiting consistently 
higher concentrations than the Animas. While no nutrient criteria currently apply to large rivers like the 
San Juan, sites on the Animas River exceeded the target criteria set forth in its Total Maximum Daily Loads 
(TMDLs) for nutrients and total phosphorus, which are set to avoid eutrophication and algae blooms. TKN 
and TP both correlated positively with E.coli and with turbidity, lending evidence to the conclusion that if 
bacteria and stormwater erosion problems are addressed, these could also reduce inputs of nutrients to the 
rivers. 
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The average water sample tested positive for 2.2 bacteria source markers, meaning that addressing a single 
pollutant source will not fully address the bacteria problem in the Animas and San Juan Rivers. That said, 
while pollution from legacy mining remains a problem that must be addressed far upstream, expanding 
wastewater infrastructure, improving sewage handling practices, restoring riparian buffers, and addressing 
stormwater runoff from pastures and uplands within San Juan County are all ways to reduce some of New 
Mexico’s “homegrown” water pollution problems. 

Figure 2. Boxplot of E.coli 
concentrations at 7 sites sampled 
in 2014. Light red line is 126 
cfu/100mL monthly geometric 
mean criteria, dark red line is 
single sample 410 cfu/100mL 
criteria.

Figure 1. Map of 2014 sampling sites
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Utah’s response to the Gold King Mine release and Long-term Monitoring 
and Assessment Plan

Erica Gaddis 
Utah Department of Environmental Quality

egaddis@utah.gov; 801-536-4300

Abstract 29 

In the weeks that followed the release of 3 million gallons of contaminated water from Gold King Mine in 
Colorado, the Utah Department of Environmental Quality worked closely with other state, local, and federal 
agencies to assess and monitor the impacts of the release on Utah waters and Utah residents. UDEQ collected 
water column and sediment samples before the leading edge of the plume arrived in Utah and for several 
weeks following the event. Although initial samples did not indicate a level of concern for human health 
and aquatic life, samples collected by the EPA during fall monsoonal storms indicate several exceedances of 
Utah’s water quality standards. EPA estimates that most of the material spilled during the Gold King Mine 
release overwintered in the Animas River and could be mobilized during spring runoff. UDEQ is currently 
implementing a plan in partnership with other states and tribes to monitor the San Juan River and Lake 
Powell during spring runoff. UDEQ is also developing a long-term monitoring strategy to evaluate the 
legacy effects of mine releases from the Silverton area, including Gold King Mine, on Utah’s waters. The 
contaminants from Gold King Mine and other mines in the Bonita Peak Mining District will largely come to 
rest in Utah’s Lake Powell, the first major depositional area downstream of the Animas and San Juan Rivers. 
The long-term monitoring and assessment efforts will evaluate the effects of the cumulative metals loading in 
the watershed on San Juan River and Lake Powell aquatic life and recreational uses.
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The Samarco Mine Tailings Dam Failure, November 2015:  
Effects and Observations

Katherine Walton-Day, Kate Campbell, Bradley Van Gosen, and Kris Verdin 
U.S. Geological Survey

kwaltond@usgs.gov 

Abstract 31

On November 5, 2015, a tailings dam failed at the Samarco Iron Mine complex in the state of Minas Gerais, 
Brazil, spilling over 32 million cubic meters (over 8 billion gallons) of sediment and water into the headwaters 
of the Rio Doce. The spill affected the entire 650-kilometer (390 miles) downstream reach of the river, 
extending to where the river meets the Atlantic Ocean, and creating a plume in the ocean visible from the 
Landsat satellite. Effects of the spill included loss of human life, suspension of power generation at four 
hydroelectric power plants along the Rio Doce, fish kills, and temporary water-quality degradation, including 
increased turbidity that persisted at least two months after the spill. The effects of the spill were somewhat 
moderated by the Candonga Dam, located at the upstream-most hydroelectric power plant. It filled almost 
completely with sediment from the spill, which reduced the amount of sediment transmitted downstream by 
about 30%. A delegation from the U.S. Geological Survey was invited by the Brazilian National Water Agency 
(Agéncia Nacional de Águas, ANA) to visit Brazil in January 2016 to observe the effects of the spill and to 
advise ANA regarding studies and techniques to consider that will aid understanding the potential long-term 
effects of the spill. This presentation will summarize the effects of the spill and present observations resulting 
from the January 2016 USGS tour of the Rio Doce. 
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The Gold King Spill – How Did We Get Here
Peter Butler 

Animas River Stakeholders Group

Butlerpeter2@gmail.com 

Abstract 32

The presenter has over twenty years of involvement in mine remediation in the Upper Animas River Basin. 
He will discuss the history of the projects and changes in water quality and aquatic life that have occurred 
over time. There will be a particular focus on why U.S. EPA was working on the Gold King Mine in the first 
place.
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Geologic Setting and History of Mining in the Animas River Watershed, 
Southern Colorado

Virginia T. McLemore 
New Mexico Bureau of Geology and Mineral Resources (NMBRMR), New Mexico Tech 

ginger@nmbg.nmt.edu, 575-835-5521

Abstract 33

On August 5, 2015, EPA contract personnel caused the release of wastewater at the Gold King mine, CO. 
into the Animas River. Approximately 3 million gallons of acid mine water containing metals and iron 
oxyhydroxide sediments were released. The aftermath of this uncontrolled rapid release of mine waters has 
resulted in re-evaluation of reclamation of legacy mines throughout the U.S. and examination of potential 
consequences along the Animas River. The purposes of this presentation is to provide geologic and historical 
background of mining in the Animas River watershed, and to begin to address the path forward in preventing 
similar spills. Most of the information presented is from previous work, including Church et al. (2007), 
Church (2014), and Gobla et al. (2015) among other references and the Animas River Stakeholders Group 
website (http://animasriverstakeholdersgroup.org/blog/)

LOCATION

The Animas River Watershed is in the northernmost headwaters of the Animas River in San Juan County, CO. 
It includes the drainage basins of the Animas River upstream from Silverton, CO. and its two main tributaries, 
Cement and Mineral Creeks (Church et al., 2007). Elevations are extreme; Silverton is at 9,305 ft and some of 
the mountain peaks in the headwaters rise to more than 13,800 ft. The Animas River Watershed encompasses 
an area of approximately 150 sq miles.

GEOLOGIC SETTING

A Late Oligocene volcanic center erupted many cubic miles of lava and volcanic tuff and formed the 
Silverton caldera at approximately 22-25 million years ago. Volcanism was followed by multiple episodes of 
hydrothermal activity along faults that produced widespread areas of pyrite alteration and quartz-pyrite-
metals veins. Most of the host rock is very fractured and permeable, which results in complex, interconnecting 
groundwater flow paths. Subsequent weathering of hydrothermally mineralized veins and altered rocks, 
particularly the acid sulfate and the quartz-pyrite-sericite alteration that is extensive in the watershed, 
results in the generation of natural acid drainage and mobilizes metals from the host rocks (Church et al. 
2007, among other studies). Thus, not all elevated concentrations of metals and low-pH conditions found 
in streams are the result of historical mining. In 1874, it was noted that water in both Cement and Mineral 
Creeks contained iron sulfate, making the water undrinkable (Rhonda, 1876). Weathering of the mine wastes 
is another major source of metals and acidity.

MINING HISTORY

Early mining was by the Spanish. An arrastra, used to recover gold and silver, was found in the district. 
The district was rediscovered about 1860. Development began in 1871 with the Little Giant mine. However, 
extensive mineral exploration did not begin until after the signing of the Bernot Treaty with the Ute Tribe in 
1873. Gold and silver production increased once the railroad to Silverton was built in July 1882. Once milled, 
most sulfide concentrates were shipped to Durango, CO. for smelting. Production occurred during four 
periods: (1) the Smelting Era 1871–1889, (2) the Gravity Milling Era 1890–1913, (3) the Early Flotation Era 
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1914–1935, and (4) the Modern Flotation Era 1936–1991. The production from the watershed amounted to 
more than $529 million, including >2.2 million oz Au, >51 million oz Ag, >112 million lbs Cu, >765 million lbs 
Pb and >604 million pound Zn from more than 300 mines (Church et al., 2007).

More than 5,000 prospects, mines and mills are found in the Animas River Watershed (Church et al., 2007). 
Of the 18.1 million short tons of ore produced in the Animas River Watershed from 373 mines and mills, an 
estimated 8.6 million short tons of mill waste (about 48%) was discharged directly into surface streams or 
adjacent land prior to about 1935. 

At the time the General Mining Law of 1872 was passed by the U.S. Congress, there was no recognition of 
the environmental consequences of direct discharge of mine and mill wastes into the nation’s rivers and 
streams or the impact of this activity on the availability of drinking water supplies, and riparian and aquatic 
habitats. Miners operating on federal lands had little to no requirement for environmental protection until the 
1960s and 1970s, although the dumping of mine wastes and mill tailings directly into the nation’s rivers was 
halted by an Executive Order in 1935. It is important to recognize that these early miners were not breaking 
any laws, because there were no laws to break and most miners were utilizing acceptable standard mining 
practices at that time.

By 2007, more than $20,000,000 had been spent on remediation, largely on removal of mill tailings deposited 
in the riparian zone of the Animas River (Church et al., 2007). Both private and public (EPA, USFS, State of 
Colorado, BLM) funds have been used for these remediation efforts.

CHALLENGES FOR RECLAMATION EFFORTS

Some of the challenges for reclamation efforts in the Animas River Watershed include (Church et al., 2007; 
Church, 2014; Gobla et al., 2015):

• Complex land ownership (USFS, BLM, orphaned properties held by San Juan County for delinquent 
taxes, private property)

• Rugged mountain geography and climate (access is difficult during winter months)
• Issues of financial liability
• Technical approaches needed to mitigate acid mine drainage without resorting to costly treatment 

facilities
• The need for adequate space to build new repositories to move those mine wastes that cannot be miti-

gated in place

• Effect of reclamation on tourism in a historical mining district Silverton.
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‘on behalf of water’ – Diné art as an Act of Healing Navajo After the Gold 
King Mine Disaster

Venaya Yazzie (Navajo/ Hopi)

Eastern Navajo

manyhogansgrl@hotmail.com

Abstract 36

On August 4, 2015 the Environmental Protection Agency (EPA) “accidentally” released heavy-metal 
laden contaminated water from the abandoned Gold King Mine into the flow of the Animas River in 
southwestern Colorado. The warning to the people and communities down river was not given until the 
next day. In southwestern Colorado, later to the state of New Mexico a formal acknowledgement of the river 
contamination was finally admitted four days later by the EPA when the federal entity began a series of 
public meetings throughout the communities affected.

As an Indigenous citizen of the river area and as a member of the eastern Navajo Nation in New Mexico 
I watched in distress because I understood how the Animas River and San Juan rivers play an extremely 
pivotal role in contemporary Diné people’s lives. It was instilled in me that my Indigenous matrilineal clans 
are derived from the sacred element of water. I was raised in the San Juan Valley in northwestern New 
Mexico, my family history includes story about the Animas and San Juan River community called Tó by the 
Diné. The river was named a ‘sacred’ place or site and to this day the river is a place of spiritual power, but it 
is only known to those who understand and recognize it for the true purpose of it. Respect for desert water is 
the Beautyway.

As a way or means of healing I have gathered and curated an art exhibition of Navajo artists who have create 
art ‘on behalf of water.’ The work exhibited is the concerns the reflection of each artist, and their extended 
families who live in the area of Durango, Farmington and onto Navajoland farming communities in New 
Mexico. 

The participating Navajo artists include: Shaun Beyale, Randy Sabaque SABA, Ruthie Edd, Chamisa Edd-
Belin, Julius Badonie, Fidel Frank, and Venaya Yazzie, Navajo/Hopi
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Tó’Łítso, the water is yellow: Investigating short term exposure and risk 
perception of Navajo communities to the Gold King Mine Spill

Karletta Chief, Paloma Beamer, Nathan Lothrop, Nicolette Teufel-Shone 
The University of Arizona

Jani Ingram and Manley Begay 
Northern Arizona University

Rebecca Clausen 
Fort Lewis College

Janene Yazzie 
To’ Bee Nihi Dziil

Mae-Gilene Begay 
Navajo CHR

Abstract 38

On August 5, 2015, 3 million gallons of acid mine drainage was released from the Gold King Mine, eventually 
reaching the San Juan River – the lifeblood of the Navajo Nation. Many Native American communities have 
subsistence livelihoods and strong spiritual beliefs that are deeply connected to the natural environment. As 
a result, environmental contamination from catastrophic mine spills severely impacts indigenous people to 
the core of their spiritual and physical livelihoods and there is potential for unique exposure pathways and 
greater health risks. This talk will share the experiences of building community partnerships to develop and 
implement a time-sensitive proposal to National Institute of Environmental Health Sciences entitled “Tó’Łítso, 
the water is yellow: Investigating short term exposure and risk perception of Navajo communities to the 
Gold King Mine Spill.” This is a partnership between Navajo Community Health Representatives (CHR) 
Program, University of Arizona (UA) and Northern Arizona University (NAU). The first aim is to determine 
levels of exposures in three Navajo communities within 9 months of the spill and prior to the growing season. 
The second aim is to assess temporal and spatial changes in sediment, agricultural soil, river and well. The 
third aim is to determine the association between Navajo community members’ perception of health risks 
and measured health risks from the Gold King Mine. This project is time-sensitive because it is essential to 
obtain baseline short-term exposure measurements prior to spring runoff which is likely to re-mobilize river 
sediment and prior to the start of the Navajo growing season. 
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1989 – Memories from the Sunnyside Mine

Evelyn Bingham, 
AECOM

Evelyn.bingham@aecom.com 941-730-9725

Abstract 1 – Both Oral and Poster
In the late 1980s the Sunnyside Mine was an active underground gold mine operation. As a member of 
the mine engineering staff from 1987-1991, the author had the opportunity to explore many aspects of the 
underground and surface expression of the mine. Hired to support the underground survey crew in 1987 
and later working as the mine ventilation engineer and water treatment plant operator, the author shares 
memories of the physical characteristics of the operating mine. The presentation uses publicly available 
maps and diagrams coupled with personal descriptions of the underground workings, the Lake Emma glory 
hole on C-Level, lime treatment plants and settling ponds constructed to treat acid mine drainage at the 
American and Terry Tunnels, tailings effluent water quality adjustment at the Mayflower Mill, and surface 
water sampling in the upper Animas River Watershed in the years just prior to the mine shutdown. The 
intention of the presentation will be to give the audience a first-hand account of underground mining in the 
Gladstone area and associated environmental activities circa 1989 and provide an opportunity to improve 
understanding of mining and the mine area geography affecting the Upper Animas watershed.
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Rapid Assessment of Soil Metal Concentrations Along the Animas River, 
New Mexico

Kevin Lombard, April Ulery, and Brandon Francis 
New Mexico State University

David C. Weindorf, Bogdan Duda, and Carla Millares, 
Texas Tech University

klombard@nmsu.edu 

Abstract 9 – Both Oral and Poster

On August 5th, 2015 an inadvertent breech of a mine shaft holding metal laden waters in Colorado was 
spilled into the Animas River and ultimately into the San Juan River confluence in Farmington, NM and 
beyond into the Navajo Nation. Farming communities draw irrigation water from the Animas and San Juan 
Rivers, raising concerns that metal-laden water in the river was spread across farm fields as irrigation water. 
As the pollutant plume moved down the river, a reddish sludge was deposited in the river sediment and 
along the riverbanks. Initially, the water containing the plume was cloudy as the sludge was suspended in 
the water. However, after several weeks, the initial plume ran its course downstream and the water running 
down the Colorado portion of the Animas River near Durango appeared quite clear in September 2015; so 
clear in fact that the coating of the orange sludge on the bottom of the river and adjacent banks was readily 
apparent. The concern now is the remaining sludge in the river will slowly be carried downstream as 
irrigation ditches are once again activated for the 2016 growing season.

In an effort to rapidly respond to the threat to soil health in the farm fields of the area, the Natural Resources 
Conservation Service (NRCS), New Mexico State University (NMSU), and Texas Tech University (TTU) 
partnered to use state of the art portable X-ray fluorescence spectrometry (PRXF) for rapid, on-site analysis 
of soil elemental composition. PXRF spectrometry is a novel, yet widely accepted means of rapid elemental 
assessment in soils and sediments. Reference methods for the technique have been developed both by the 
NRCS (Soil Survey Staff, 2014) and Environmental Protection Agency (US-EPA, 2007) (Method 6200) and 
NRCS referenced methods for use in soils and sediments. The operational theory, optimized uses, limitations 
and applications are summarized by Weindorf et al. (2014).

Materials and Methods

On-site rapid PRXF field scans were undertaken Sept. 1-3, 2015 using a Delta Premium (DP-6000) PXRF 
featuring a Rh X-ray tube operated at 10-40 keV with elemental quantification accomplished via integrated 
ultra-high resolution (<165 eV) silicon drift detector. Multiple types of land were evaluated including: 
irrigated lands (water taken from the Animas River), non- irrigated lands (Control), and riverbank sediment. 
The location of each soil scan was georeferenced with GPS. Scanning was conducted in a proprietary software 
configuration known as Geochem Mode which offers elemental quantification of the following elements: V, 
Cr, Fe, Co, Ni, Cu, Zn, W, Hg, As, Se, Pb, Bi, Rb, U, Sr, Y, Zr, Th, Mo, Ag, Cd, Sn, Sb, Ti, Mn, Mg, Al, Si, P, S, 
Cl, K, and Ca. Geochem mode consists of two beams; each was set to scan for 30 sec, such that one complete 
sample scan took 60 sec. PXRF performance was assessed via scanning of two NIST certified soil standards.
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Results and Discussion

Notably, the riverbank sediment was observed to be a mix of natural alluvial sediment and Gold King Mine 
sludge; the two of which had substantively different elemental signatures. In total, 140 samples were scanned 
in three days. Summary results are provided in Table 1.

Table 1. Elemental concentration ranges and averages for soils and sediments scanned with PXRF in the Animas River 
Valley in Colorado and New Mexico. All units are in mg kg-1.

Generally, the properties of the river sludge sent down the Animas River had Pb levels of ~600-800 mg kg-1; 
and higher levels of Fe, Cu, and Zn. Notably, the residential screening limit for Pb in soils is 400 mg kg-1 
(Brevik, 2013). These sludge materials were found both in New Mexico and Colorado, both on the stream 
banks and underwater. Irrigated lands along the Animas River tended to have slightly higher levels of metals 
than non-irrigated “control” areas, although these were below agricultural loading rates notably for Pb. 
Nevertheless, it is essential we monitor these areas over time as more sludge sediment washes down the river 
and potentially spreads out via irrigation. It is unclear whether contaminated sludge will move down into 
New Mexico over time in response to hydrologic pulses (snow melt, flash floods, etc). The level of metals 
found in sludge along the Animas River warrant careful observation and extensive spatial and temporal 
sampling are recommended such that the levels of metals in soils of the Animas

River Valley will be more thoroughly understood in an effort to protect and optimize soil health. If areas of 
accumulation are noted, phytoremediation or other remediation strategies should be undertaken to ensure 
that the metal laden soils do not pose a risk for metal bioaccumulation in plants or feedstocks used by 
humans or animals.

This technology will be put to use in two phases of the project: 1) initial, rapid, on-site assessment of metal 
levels in soils of the Animas River Valley, and 2) long term monitoring whereby temporal accumulations of 
metals can be studied and documented as irrigation with river water once again resumes.

Acknowledgements: 
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What are the Effects of the Gold King Mine Spill on San Juan County, NM 
Agricultural Irrigation Ditches and Farms?
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Abstract 10 – Both Oral and Poster

Livestock production in San Juan County, NM is an 18-million-dollar industry with over 700 producers 
owning livestock (NMSU San Juan County Cooperative Extension). Alfalfa and other forage hays dominate 
much of the irrigated agricultural landscape. There are commercial apple orchards and grape vineyards 
in addition to farms that grow high value specialty horticultural crops including vegetables, herbs and cut 
flowers. Irrigation ditches that divert water from the Animas/San Juan rivers consist of intake points directly 
from the Animas River which are regulated by the New Mexico (NM) Office of the State Engineers and 
Federal Government (on the Navajo Nation) and operated by community ditch cooperatives and farm boards. 
The irrigation season typically begins around late April and ends late October, at which point the main ditch 
intakes are closed for the winter.

 
In August 2015, three million gallons of heavy metal contaminated water were accidentally released from the 
Gold King Mine (GKM) into the Animas River (EPA 2015; https://www.youtube.com/watch?v=ZBlR05tDCbI). 
Orange colored sediment laden with heavy metals including Pb, As, and Mn was evident along the river one 
month after the spill. Significant amounts of river sediments accumulate in irrigation ditches, smaller laterals, 
and gated irrigation areas during the growing season and constitute a potential threat to agricultural lands.

As a precaution against contaminating irrigation ditches, ditch cooperatives in NM and the Navajo Nation 
closed main diversion points into the 20 or so irrigation canals about 48 hours before the mine spill plume 
arrived in NM (San Juan Agricultural Water-Users Association 2015). The majority of irrigation ditches 

Typical furrow irrigated system in San Juan County, NM.
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reopened after the EPA declared the river “safe” and irrigation resumed. The Navajo Nation made the 
difficult decision to open some ditches, while leaving others closed. In Northwest NM, some irrigators on and 
off the Navajo Nation ceased irrigating crops for the 2015 growing season, just at the time most crops were 
maturing for harvest.

The GKM spill is hitting the region just as there is a resurgent interest in local food production among both 
Anglo and Indo-Hispano cultures. Contamination of the Animas and San Juan Rivers following the Gold 
King Mine blow-out raises a number of questions by farmers and ranchers in San Juan County who are still 
anxious about the safety of the water and soil. Because the ditches were dry for about 10 days during the 
closure of the river, this gave our team the unique opportunity to establish base-line measures of irrigation 
ditch sediment in dry irrigation ditches for future long-term monitoring of the river/irrigation ditch/
agricultural field interface and potential contamination threats to agricultural lands.

One of the objectives of our response to the mine spill centered on the following questions: 

• What was in the ditch sediment before the spill?
• What is in the ditch sediment after the spill?

Methods, Procedures and Facilities: Thirteen irrigation ditches in San Juan County from the Colorado border 
to Farmington, NM were sampled August 11-August 14, during the ban on irrigating crops. We sampled 
only non-contaminated sediments. Where possible, sample transects were made downstream of a NM Office 
of the State Engineer (NMOSE) gage station. These gage stations monitor flow data in real time and may 
provide clues to ditch sedimentation. The following week, three main ditches on the Navajo Nation were 
sampled. Permission to sample was obtained by ditch companies, the NMOES, Navajo EPA and Navajo 
community farm board members. In one main ditch, we pulled transects at six locations from various points 
along approximately 15 miles (24 km). Sample sites were recorded with GPS. Through repeated measures, 
we resampled the same irrigation ditch locations during the winter 2015-2016, once the main intakes were 
closed for the winter. Because ditch sedimentation during the irrigation season can vary, at each sample 
point, we attempted to auger to 18-24 inches (46-70 cm) deep in three separate core pulls (6-8 inches long per 
core). Total metals from soil was measured following USEPA method 3051A (USEPA, 1998) using inductively 
coupled plasma optical emission spectrometry (ICP-OES) analysis. Baseline samples are now analyzed and 
we are beginning to analyze time 2 ditch sediment samples.

Our goal is to help restore consumer confidence and grower trust in the region by continuing to sample 
ditches and fields to ascertain if soil contaminant concentrations are below or similar to pre-August 2015 
levels. These evaluations are critical to reassure growers and consumers in the region that the products grown 
on soils in the Animas and San Juan River Watersheds are safe.

Acknowledgements: We thank the NMSU Agricultural Experiment Station for salary and material support.



2016 Environmental Conditions of the Animas and San Juan Watersheds Conf.  

Environmental Conditions of the Animas and San Juan Watersheds 

111

Investigation of Metal Persistence in Sediments of the Animas River 
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Abstract 17 – Both Oral and Poster

The concentration and speciation of major and trace elements contaminants in water and sediments of 
the Animas River was investigated in samples collected during August 17th-18th, 2015, after the Gold King 
Mine spill occurred on August 5, 2015. A combination of spectroscopic, microscopic and water chemistry 
techniques was used to better understand the short-term impact of the spill, which will contribute to elucidate 
the long-term consequences of recurrent mine waste contamination events.

For this study we took water and sediment samples in 
different locations across the Animas River watershed, 
trying to select locations similar to those sampled by 
EPA (Figure 1). Our selected samples include a location 
in Cement Creek, CO, the Animas River tributary where 
the spill occurred, and one in the San Juan River near 
Farmington, NM. The rest of the locations were selected in 
the Animas River from before the confluence with Cement 
Creek, CO, downstream to Farmington, NM.

The total concentrations of different metals in the water 
were within typical background levels at the time of the 
sampling trip. However, analyses of the data published 
by the EPA suggest that metals such as Pb and As exceed 
the drinking water standards of 15 μg 1-1 and 10 μg 1-1, 
respectively, at different locations of the Animas River 
after high flow events, as shown in Figure 2. In addition, 
nitrate, nitrite and phosphate were measured in water 
in the Farmington samples, a highly agricultural area, 
which suggest nutrient cycling in the river and could have 
implications in metal mobilization.

We detected the presence of high concentration of metals 
in the sediments (108.4 ±1.8 mg kg-1 Pb, 32.4 ±0.5 mg kg-1 
Cu, 729.6 ±5.7 mg kg-1 Zn and 51,314.6 ±295.4 mg kg-1 
Fe). The predominance of clay, jarosite, and alumino-
silicate minerals was determined by XRD analyses in these 



2016 Poster Abstracts112

2016—2018 Conference Compendium Proceedings

sediments, which are relevant primary minerals known to accumulate metals in the environment. Analyses 
using XPS detected the presence of sulfates, phosphates and nitrogen species in the surface of the sediments; 
Fe as 75% Fe(II) and 25% Fe(III) upstream the Animas River, but Fe(III) was the predominant specie in the 
surface of the Farmington sediments; and 100% Pb(II) in the samples from Cement Creek and Hermosa. The 
co-occurrence of Pb, Cu, Zn and Fe with sulfate was identified in these sediments using TEM, confirming the 
presence of metal- 
 bearing jarosite (KFe3+ 

3(OH)6(SO4)2). The Mössbauer analyses of the samples from Cement Creek and 
Hermosa also shows the jarosite mineral in the sediments. The water at Cement Creek has a pH 3.3 but it 
increases into the alkaline range in the Farmington area, thus, the detection of jarosite in sediments from this 
location confirms the stability of this metal-bearing phase under acidic conditions.

The presence of nutrients in the sediments and water in the Farmington samples and the accumulation 
of metals in clays and precipitation as metal-bearing minerals highlight the relevance of understanding 
biogeochemical interactions to further asses the long-term stability of the contamination in the sediments of 
the Animas River watershed.

Figure 2. Total metal concentrations (https://www.epa.gov/goldkingmine/date-gold-king-mine-response) in water 
following the Gold King Mine Spill (marked as the red bar in the graphs). The spikes in total arsenic and lead 
concentration correspond with high flow events in the Animas River in Colorado (top graph) and in New Mexico 
(bottom graph). The dashed lines represent the drinking water standard concentration of 10 μg 1-1 for arsenic and 15 
μg 1-1for lead
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Abstract 18 – Both Oral and Poster

On August 5th, 2015 the EPA conducted an investigation of the Gold King Mine near Silverton, Colorado 
in order to assess the on-going water releases from the mine, treat mine water, and assess the feasibility of 
further mine waste remediation. While excavating near the entrance of the mine, pressurized water began to 
leak from the adit of the mine, spilling approximately 3 million gallons of heavy metal contaminated mine 
waste into Cement Creek, a tributary of the Animas River. (epa.gov) 

On August 17th-18th, 2015 The University of New Mexico visited sites shown in Figure 1 along Cement 
Creek, Animas River, and San Juan River. At these sites, sediment samples were taken to determine metals 
composition, and microbial communities associated with the sediment. Basic water quality parameters were 
also measured such as water temperature, dissolved oxygen, conductivity, pH and oxidation-reduction 
potential. Sediment samples were sent to Research and Testing Laboratory for DNA extraction and Illumina 
Next Generation Sequencing.

As shown in Figure 2, Iron and Total metals concentrations are highest in sediment at sample locations closest 
to Cement Creek where the Gold King Mine discharged. Further downstream, concentrations of metals 
decrease and level off near the confluence of The Animas and San Juan rivers. The diversity of microbial 
samples collected at each site has been determined by calculating the Shannon Diversity Index (SDI) (Lande 
1996). By this measure, microbial diversity appears to be generally lower at upstream sites with sediment 
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containing high metals concentration. As metal concentrations decrease downstream, microbial diversity 
appears to recover by the steady increase in the SDI.

Figure 3 shows a dramatic change in sediment bacteria family communities observed in the Animas River 
upstream and downstream of the Cement Creek confluence. Upstream of the confluence, Cement Creek is 
rich in Gallionellacae (60.4% relative abundance), where the Animas River upstream of the confluence is all 
but missing this family (0.07% relative abundance). The family Gallionellacae is well document to consist 
of Iron oxidizing bacteria (FeOB) that mineralize dissolved Fe(II) to a precipitated Fe(III) in the form of 
extracellular bio-mineral structures (Krepski et al 2012). This process is important at acid mine draingage 
impacted sites because iron is usually the most abundant metallic element, and other heavy metals may co- 
precipitate or adsorb to Fe(III) precipitates formed by FeOB such as Gallionellacae (Stumm et al.1996, Fabisch 
et al. 2013).

Figure 3. Illumina next generation DNA sequencing results for sediment samples in the Animas River watershed 
sorted by familiar. Bacteria familiae observed at less than 3% relative abundance across all locations were grouped 
together for visual simplicity
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Abstract 26 

The Gold King Mine Release of August 5, 2015 mobilized three million gallons of water and sediment into 
a tributary of the Animas River, which flows south from Colorado into New Mexico. The Animas enters the 
San Juan River at Farmington, New Mexico, the sixth largest city in the state and one of several communities 
that rely on the Animas and San Juan rivers for drinking water and (or) crop irrigation. Mines such as the 
Gold King are sources of metals and acidity to streams of the area, leading to concerns regarding the effects 
of the release on water quality. Potential problem constituents such as lead and arsenic (among others) were 
analyzed in surface water and sediment samples collected by the U.S. Geological Survey (USGS) in August 
2015. Surface-water samples collected from the San Juan River at Farmington on August 8, 2015 (a time 
when the orange color indicative of the release was observed) had concentrations in whole water (unfiltered) 
samples of 552 μg/L lead and 26.3 μg/L arsenic. The concentrations of lead and arsenic were above the 
lead action level of 15 μg/L and the maximum contaminant level of 10 μg/L for arsenic, as set by the U.S. 
Environmental Protection Agency for drinking water. In contrast, the dissolved concentrations (0.45 μm filter) 
of these elements at the same site and time (lead <0.04 μg/L and arsenic 0.23 μg/L) were about two to three 
orders of magnitude below drinking-water standards and three to 5 orders of magnitude below the whole 
water sample concentrations. At the San Juan River at Farmington streamgage, located approximately two 
river miles downstream from the Animas River at Farmington streamgage, concentrations measured in whole 
water samples collected 4 hours after the samples on the Animas River ranged from 122 μg/L for lead, and 
7.89 μg/L for arsenic. These concentrations were likely affected by dilution from the San Juan River which had 
discharge on August 8, 2015 of about 1,300 cfs, whereas discharge on the Animas River at Farmington was 
about 800 cfs.

Based on the results for total and dissolved water samples, constituents of concern generally were associated 
with particulates in the water. Bed sediment samples collected from the Animas River at Farmington on 
August 12, 2015 had lead concentrations ranging from 33.0 to 179 mg/kg and arsenic concentrations ranging 
from 3 to 11 mg/kg (n =4). Concentrations of these constituents in bed sediments were generally lower at the 
San Juan River at Farmington, similar to the trend in water-quality data for the same sites. Concern related 
to suspended particulates and bed sediment in these rivers continues months after the release. Continuous 
monitoring of pH, temperature, specific conductance, and turbidity is expected to help to understand the 
current geochemical interactions in the rivers. Additionally, water-quality sampling during snowmelt and 
storm events will provide valuable information about sediment and metal mobility during high-discharge 
events in the Animas and San Juan Rivers.
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Abstract 27 

Uranium mining and milling in northwestern New Mexico (NM) impacted soils, stream sediments, surface 
water, and ground water with elevated levels of radioactivity and toxic heavy metals. Uranium and its 
radioactive decay products such as radium and radon gas present a significant public health and safety 
hazard and environmental health risk. The exposure of people and the environment to heavy metals and 
radionuclides in soil, air, and water in the vicinity of legacy uranium operations in the Grants District 
requires mitigation through the systematic assessment and cleanup of materials and sites bearing these 
hazardous contaminants. In August 2010 EPA released the Five-Year Plan Grants Mining District, New 
Mexico to assess and cleanup hazards from legacy uranium in northwestern NM. An evaluation of the 
activities in the first five years (2010-2014) of such a large-scale project was performed to determine if there 
has been measurable progress toward major goals and specific tasks in the Plan. The Six Objectives of the 
Plan address the following areas: 1. ground water; 2. mines; 3. mills; 4. structures; 5. Jackpile Mine, and 6. 
biomonitoring. The Plan accomplishments and progress during 2010-2014 toward completion of these six 
Objectives indicates that Jackpile Mine and Biomonitoring (Objectives 5 and 6, respectively) were achieved. 
Objectives 3 and 4 (mill sites and residential structures, respectively) show accomplishments and continuing 
work. Objectives relating to ground water and mine cleanup (Objective 1 and 2) show some progress but 
these two objectives were not fully achieved. Constraints and complexities related to regulatory practices, 
uncertainties, financial burden, and health impacts were identified as hindrance to full completion of the Six 
Objectives. Recommendations to support future work include development of an implementation plan for 
ground water, full enforcement of state ground water protection regulations, enhanced public involvement, 
and better collaboration among five-year plan agencies.
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Abstract 28 – Both Oral and Poster

While pollution from legacy mining and the mineralized San Juan Mountains has always been of concern on 
the Upper Animas River, local watershed groups downstream of Silverton have been focused on other water 
pollution issues over the last 15 years. The orange color of the Animas River following the Gold King Mine 
spill captured the attention of people nationwide in August 2015, but it was a different color that catalyzed 
local groups to take action in 2002. Excessive growth of filamentous green algae in the Animas River spawned 
the development of the Animas Watershed Partnership and numerous studies investigating nutrient pollution 
in the watershed. Similarly, high levels of bacteria and sediment loading have been a long-term concern on 
the San Juan River. The San Juan Watershed Group has been working to identify and address sources of 
bacteria loading to the rivers since 2001, and has recently completed a Microbial Source Tracking (MST) study 
that investigated sources of fecal pollution on both the Animas and San Juan Rivers in 2013 and 2014. 

This study measured E.coli, total phosphorus (TP), nitrate+nitrite (NO3/NO2), total Kjeldahl nitrogen (TKN), 
turbidity, conductivity, pH, temperature, and optical brighteners, as well as a set of PCR analyses testing for 
the presence/absence of specific DNA markers that represent different host organisms. By testing for these 
Bacteroides markers, we were able to detect the presence of bacteria originating from humans, birds, horses, 
dogs, cows, and ruminants (cows, sheep, goats, deer & elk).

Ruminant source bacteria were the most prevalent; this marker was detected in 94% of all samples, and 
was found in similar concentrations across all sites (cattle sources could not be distinguished from other 
ruminants). Bird sources were present about a third of the time, while human sources were detected in 
77% of all samples. The San Juan River showed a more consistent bacteria problem than the Animas, with 
94% of samples testing positive for human bacteria, and 46% of E.coli samples exceeding the single sample 
maximum criteria for primary contact (ie: swimming). The San Juan site at Hogback exhibited the most 
serious human bacteria problem: 99% of samples were positive for Human Bacterioides, and concentrations 
of this marker were significantly higher than all other sampling sites (p<0.001). 

Animas River sites had 60% of samples test positive for human bacteria, with 13.5% exceeding the single 
sample E.coli maximum. Maximum concentrations of E.coli, total nitrogen, and total phosphorus were 
all seen between July and October, and are likely influenced by monsoon storm events. Primary contact 
standards for E.coli were exceeded at all four NM sampling sites, and Colorado standards were exceeded on 
the Florida River site. 

Nutrient concentrations followed a trend similar to the bacteria, with the San Juan exhibiting consistently 
higher concentrations than the Animas. While no nutrient criteria currently apply to large rivers like the 
San Juan, sites on the Animas River exceeded the target criteria set forth in its Total Maximum Daily Loads 
(TMDLs) for nutrients and total phosphorus, which are set to avoid eutrophication and algae blooms. TKN 
and TP both correlated positively with E.coli and with turbidity, lending evidence to the conclusion that if 
bacteria and stormwater erosion problems are addressed, these could also reduce inputs of nutrients to the 
rivers. 
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The average water sample tested positive for 2.2 bacteria source markers, meaning that addressing a single 
pollutant source will not fully address the bacteria problem in the Animas and San Juan Rivers. That said, 
while pollution from legacy mining remains a problem that must be addressed far upstream, expanding 
wastewater infrastructure, improving sewage handling practices, restoring riparian buffers, and addressing 
stormwater runoff from pastures and uplands within San Juan County are all ways to reduce some of New 
Mexico’s “homegrown” water pollution problems. 

Figure 2. Boxplot of E.coli 
concentrations at 7 sites sampled 
in 2014. Light red line is 126 
cfu/100mL monthly geometric 
mean criteria, dark red line is 
single sample 410 cfu/100mL 
criteria.

Figure 1. Map of 2014 sampling sites
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The Use of Geochemical Data to Model Diffuse Leakage from a Mine’s 
Tailings and Settling Ponds, with an Emphasis on Subsurface Flow, 

Malmberget/Vitåfors Iron Mine, Norrbotten County, Sweden

Susan F.B. Little, Ingar Walder, and Daniel Cadol 
NM Tech

slittle@nmt.edu

Abstract 30

The Malmberget/Vitåfors mining facility, located in Norrbotten County, Sweden, is the world’s second largest 
underground iron ore mine, comprised of roughly 20 steeply dipping magnetite-hematite ore lenses, with 
an underground area of approximately 5 x 2.5km. Since its’ opening in 1892, over 350Mt of ore have been 
removed from Malberget, and another 350Mt of iron reserves have been declared proven and probable.

The state-owned Swedish mining company, Luossavaara-Kiirunavaara Aktiebolag (LKAB), owns and 
operates the facility. They have seen an increase in production in the past years, effectively doubling the 
amount of ore processed at the Vitåfors facility, from 8Mton/year in 1998 to 16Mton/year in 2013, and they 
intend to maintain this steady increase into the future. Despite these changes, the amount of water used 
within the system has not increased proportionally, and is not predicted to do so in the future. This is due to 
increases in process-water recycling, which adds to the demands placed on this water. As the water is reused, 
the conservative and trace element concentrations grow, affecting the overall water quality. 

Some portion of the spent process water is released on a daily basis into the nearby Lina River. This discharge 
is generated in two ways: (1) By means of monitored release via outlet pipes, and (2) through diffuse leakage 
and subsurface flow originating at the facility’s tailings and settling ponds. As yet, the volume, flow rate, and 
composition of this second discharge source have not been quantified. These characteristics can be estimated, 
however, by means of inverse geochemical modeling that utilizes historical water quality records from 
various sampling points throughout the Malmberget facility. Similarly, groundwater flow modeling takes 
advantage of local topographic and stratigraphic information generated almost entirely by the Geological 
Survey of Sweden (SGU). 

The combined model generated by geochemical and groundwater flow modeling software (PREEQ-C and 
MODFLOW, respectively) that will answer questions of leakage quantity and quality is constructed broadly, 
by means of a three-part process. Initially, a rough three-dimensional model of groundwater flow within the 
local watershed is created in MODFLOW, employing geologic and topographic data collected by the SGU, as 
well as meteorological records from the Swedish Meteorological and Hydrological Institute. This is used to 
determine the relative path that groundwater will travel from the tailings and settling ponds to the Lina River. 
A second two-dimensional flow model illustrates this cross-section in greater detail. Inverse modeling with 
PHREEQC finally generates a one-dimensional model of the path between initial and final sampling locations 
(i.e., the tailings and settling pond, and the Lina River). The goal is to generate a plausible chain of mineral 
and gaseous phases that is both appropriate to the geology and chemistry of the site, and accounts for the 
changes in composition between initial and final water quality analyses.
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The Characterization of Abandoned Uranium Mines in New Mexico

John Asafo-Akowuah1, Ashlynne Winton1, and Virginia T. McLemore2

1Department of Mineral Engineering, New Mexico Tech, Socorro, NM 87801

2New Mexico Bureau of Geology and Mineral Resources (NMBRMR), New Mexico Tech, Socorro, NM 87801

Abstract 34

Not only has mining played a significant role in the United States, but for hundreds of years mining has aided 
in the economic and social development of New Mexico as early as the 1500s. One of the earliest gold rushes 
in the West was in the Ortiz Mountains (Old Placers district) in 1828, 21 years before the California Gold 
Rush in 1849. At the time the U.S. General Mining Law of 1872 was written, there was no recognition of the 
environmental consequences of direct discharge of mine and mill wastes into the nation’s rivers and streams 
or the impact of this activity on the availability of drinking water supplies, and riparian and aquatic habitats. 
Miners operating on federal lands had little to no requirement for environmental protection until the 1960s 
and 1970s, although the dumping of mine wastes and mill tailings directly into the nation’s rivers was halted 
by an Executive Order in 1935. It is important to recognize that these early miners were not breaking any 
laws, because there were no laws to break. 

In New Mexico, there are tens of thousands of inactive or abandoned mine features in 273 mining districts 
and prospect areas (including coal, uranium, metals, and industrial minerals districts and prospect areas; 
McLemore et al., 2005a, b). The New Mexico Abandoned Mine Lands Bureau (NMAMLB) of the New Mexico 
Energy, Minerals and Natural Resources Department estimates that there are more than 15,000 abandoned 
mine features in the state (http://www.emnrd.state.nm.us/MMD/AML/amlmain.html). NMAMLB has 
safeguarded more than 2,300 mine openings in about 250 separate construction projects. The U.S. Bureau of 
Land Management recently estimated that more than 10,000 mine features are on BLM land in New Mexico 
and only 705 sites have been reclaimed (http://www.blm.gov/wo/st/en/prog/more/Abandoned_Mine_Lands/
abandoned_mine_site.html). The New Mexico Bureau of Geology and Mineral Resources has collected 
published and unpublished data on the districts, mines, deposits, occurrences, and mills since it was created 
in 1927 and is slowly converting historical data into a relational database, the New Mexico Mines Database 
(McLemore et al., 2005a,b). More than 8,000 mines are recorded in the New Mexico Mines Database and more 
than 7,000 are inactive or abandoned. These mines often include two or more actual mine features. 

Many of these mine features do not pose any physical or environmental hazard and many more, pose only 
a physical hazard, which is easily but costly to remediate. However, a complete inventory and prioritization 
for reclamation has not been accomplished in New Mexico. Some of these inactive or abandoned mine 
features can pose serious health, safety and/or environmental hazards, such as open shafts and adits (some 
concealed by deterioration or vegetative growth), tunnels that contain deadly gases, highwalls, encounters 
with wild animals, radon and metal-laden waters. Some sites have the potential to contaminate surface water, 
groundwater and air quality. Heavy metals in mine waste or tailings and acid mine drainage can potentially 
impact water quality and human health. 

A recent example is the Gold King mine ‘blowout’ incident in Colorado where approximately 3 million 
gallons of acid mine water eroded soil and rock debris from the mine portal, pyritic rock and soil from 
adjoining waste rock dump, and were deposited in Cement Creek, and ultimately, flowing downstream to 
contaminate the Animas and San Juan Rivers (Gobla et al., 2015). Environmental accidents also have occurred 
at some New Mexico mine sites, mostly before the 1980s. In July 1979, 370,000 cubic meters of radioactive 
water containing 1,000 tons of contaminated sediment from a failure of the United Nuclear uranium tailings 
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dam traveled 110 km downstream in the Rio Puerco in western New Mexico. Evidence of slope instability at 
the Goathill North waste rock pile at Questa molybdenum mine was observed as early as 1974, but was not 
stabilized until 2004.

Many state and federal agencies have mitigated the physical safety hazards by closing these mine features, 
but very few of these reclamation efforts have examined the long-term chemical effects from these mine sites. 
There is still potential for environmental effects long after remediation of the physical hazards, as found in 
several areas in New Mexico (for example Terrero and Questa mines; McLemore et al., 2001, 2009, 2010). Some 
of these observations only come from detailed electron microprobe studies that are not part of a government 
remediation effort (McLemore et al., 2009, 2010). 

The objective of our research is to develop a better procedure to inventory and characterize inactive or 
abandoned mine features in New Mexico, using the Lucky Don and Little Davie uranium mines in the 
Churapedero mining district, Socorro County, New Mexico as an example. Hazard ranking of mine openings 
and features, using BLM ranking methodology will be utilized for most sites (Bureau of Land Management, 
2014). Also we want to suggest remedial activities that would manage or mitigate dangers to the environment 
and public health, while taking into consideration historical, cultural and wildlife issues and mineral resource 
potential.
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Aeolian Transport of Dust-Borne Uranium Contamination

Reid Brown 
New Mexico Tech

ginger@nmbg.nmt.edu

Abstract 35

Closed mines pose significant risks to environmental and human health. While some work has been done 
on uranium mine waste contamination of surface water, ground water, and soil, little has been done to 
investigate the health risks to humans and wildlife from the aeolian transport of contaminated dust particles. 
In arid environments this is of particular concern due to the frequency of dust storms. At the Jackpile mine 
in Laguna Pueblo, NM, 15 sets of dust traps have been installed on vertical posts at heights of 0.25 m, 0.5 m, 
1.0 m. and 1.5 m above the ground surface. The dust traps were installed at a range of distances from the 
source, from within the mine pit to approximately 4 km away. Soil samples have been collected at each site 
and dust samples were collected every other month as well as collected after individual windstorm events. 
Soil and dust samples were sieved into different size classes using 2 mm, 1.5 mm, 1.00 mm, 0.5 mm, 0.25 
mm, 0.125 mm, 0.09 mm and 0.063 mm sieves. The samples were digested and uranium content analyzed 
using Inductively Coupled Plasma Mass Spectrometry (ICP-MS). We analyzed our samples for correlation 
between dust and soil contamination to 1) evaluate if soil contamination can be used as an indicator for 
the risk of airborne contamination, and 2) gain insight into the possibility that dust is the source of soil 
contamination. Secondly, we will investigate whether uranium has an affinity for a particular size class of 
dust. Of special interest are the particles small enough to be completely inhaled by humans. Results show 
that surface concentrations of uranium vary substantially across the landscape. Distance from the pit shows 
no correlation with concentration of uranium in the upper 5 cm of soil. Thus other factors besides distance 
may be controlling accumulation. Vegetation height and density is known to have a significant impact on 
wind speeds and related soil erosion and dust deposition. A confounding factor is topographic relief. At our 
study site there is 153 m difference in elevation between the highest site and lowest site. Furthermore the 
mesa cliffs and mine walls can constrict wind, increasing speeds at some sites and decreasing it at others. I 
have collected dust and soil samples from 15 sites in the area around the Jackpile mine and analyzed them for 
uranium concentration. The soil uranium content has been compared to site elevation and vegetation height. 
Preliminary analysis suggest that elevation and vegetation height may impact local erosion and deposition of 
uranium.
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Standard Addition Method in Analysis of Animas River Samples

Emilio Rivera 
New Mexico State University

eriver@nmsu.edu 

Abstract 37

On August 5, 2015, approximately 3 Million gallons of mine waste containing various heavy metals was 
released into the Animas River from the Gold King Mine in Silverton, Colorado. This spill severely impacted 
the four corners area. Samples from Farmington, NM, and Silverton, CO, were analyzed for uranium, 
mercury, and cadmium using ICP-MS via standard addition. Results suggested an incredibly different 
concentration than what would be found via a normal calibration curve due to the complex nature of the river 
causing a matrix affect. Additionally, we exposed the river water to montmorillonite clays and observed a 
qualitative abatement of uranium and mercury.
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Tuesday, June 20 Morning Session

8:30 am   WELCOMING REMARKS
	 	 Kevin	Lombard,	NMSU,	on	behalf	of	NM	WRRI	Director	Sam	Fernald
	 	 David	Sypher,	Public	Works	Director,	City	of	Farmington

 8:45   CONGRESSIONAL STATEMENTS
  Senator Tom Udall 
	 	 Senator	Martin	Heinrich	
  Congressman Ben R. Lujan 

 9:00 	 	 New	Mexico’s	Scientific	Response	to	the	Gold	King	Mine	Spill
  Nelia Dunbar, Director, NM Bureau of Geology and Mineral Resources

 9:10		 	 Geologic	Setting	and	History	of	Mining	in	the	Animas	River	Watershed,	Southern	Colorado
  Virginia T. McLemore, NM Bureau of Geology and Mineral Resources (Abstract 16)

 9:30 	 	 Let’s	Not	Wait	for	Catastrophic	Spills	to	Happen:	Holistic,	Long-Term,
	 	 Multi-Jurisdictional	Monitoring	in	Legacy	Mining	Areas
  Dennis	McQuillan,	NM	Environment	Department	(Abstract 20)

10:00	 	 Characteristics	of	Metals	Concentrations	in	the	Animas	and	San	Juan	Rivers
	 	 During	Passage	of	the	Gold	King	Mine	Release	Plume
  Kathleen	Sullivan,	U.S.	Environmental	Protection	Agency,	Athens,	GA (Abstract 19)
  
10:20   BREAK AND POSTER SESSION

11:00	 		 The	Gold	King	Mine	Spill	in	the	Context	of	Historical	Water	Quality	Impacts
	 	 to	Utah’s	San	Juan	River	and	Lake	Powell
  Christopher	L.	Shope,	Utah	Division	of	Water	Quality (Abstract 3)
 
11:20		 	 An	Overview	of	the	Gold	King	Mine	Release	and	its	Transport	and	Fate	in	the	Animas
	 	 and	San	Juan	Rivers
  Kathleen	Sullivan,	U.S.	Environmental	Protection	Agency,	Athens,	GA	(Abstract 17)

11:40	 	 The	Colorado	Data	Sharing	Network:	A	Useful	Tool	for	Visualizing	Water	Quality	Data
	 	 in	the	Animas	Watershed
  Melissa	May,	San	Juan	Soil	&	Water	Conservation	District	(Abstract 5)

12:00 pm LUNCHEON

Tuesday, June 20 Afternoon Session

  1:30 pm Surface	Water	Geochemistry	During	Snowmelt	and	Monsoons	in	the	Animas
	 	 and	San	Juan	Rivers
	 	 Johanna	M.	Blake,	U.S.	Geological	Survey	(Abstract 8)

  1:50	 	 Potential	Surrogate	Methods	for	Monitoring	Concentration	of	Metals	in	Real-time,
	 	 Animas	and	San	Juan	Rivers,	Northwestern	New	Mexico
	 	 Jeb	Brown,	U.S.	Geological	Survey	(Abstract 9)
    
  2:10 		 Illustration	of	a	Fingerprinting	Method	to	Isolate	Gold	King	Release	Metals
	 	 from	Background	Concentrations	in	the	San	Juan	River
  Kathleen	Sullivan,	U.S.	Environmental	Protection	Agency,	Athens,	GA (Abstract 18)

  2:30	 	 Continued	Monitoring	of	the	Animas	River	Valley	Groundwater	Level
	 	 after	the	Gold	King	Mine	Mine-Water	Release	of	2015
  Ethan Mamer, NM Bureau of Geology and Mineral Resources (Abstract 15)

  2:50 pm BREAK

2017	Program
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  3:10	 	 Geochemical	Characterization	of	Shallow	Groundwater	Near	the	Animas	River,
  Northwestern New Mexico
  Talon Newton, NM Bureau of Geology and Mineral Resources (Abstract 22)

  3:30	 	 Source	Identification	for	Metals	in	the	San	Juan	River	System
  Logan	Frederick,	University	of	Utah	(Abstract 21)

  3:50 pm ADJOURN

  9:00 am Mine	Spills	and	Antibiotic	Resistance	–	What	is	the	Connection?
  Jean	E.	McLain,	University	of	Arizona	Water	Resources	Research	Center	(Abstract 7)

  9:20 	 	 Ecological	and	Chemical	Analysis	of	Heavy	Metal	Transduction	in	Salix	exigua
	 	 on	the	Animas	and	Florida	Rivers
  Magena Marzonie, Fort Lewis College (Abstract 1)

  9:40	 	 Application	of	Newly	Identified	Solar-Atmospheric	Connections	Towards	Improved
	 	 Forecasts	of	the	Animas	River	and	Other	Streams	in	the	Western	US
  Michael Wallace, MW&A (Abstract 2)
 
10:00	 	 Water	Quality	and	Sediment	Monitoring	of	the	San	Juan	River,	Three	Major	Tributaries,
	 	 and	Two	Irrigation	Canals	within	the	Navajo	Nation	
	 	 Steve	Austin,	Navajo	Nation	EPA (Abstract 30)

10:20  BREAK

10:40	 	 Lead	and	Arsenic	Concentrations	in	the	Lower	Animas	Irrigation	Ditch	Sediments
  Sam	Fullen,	New	Mexico	State	University	(Abstract 24)

11:00  	 Metal	Concentrations	in	Soil	and	Sediments	after	Gold	King	Mine	Spill
  Gaurav	Jha,	New	Mexico	State	University (Abstract 25)

11:20  	 	 AML	Project:	Inventory	and	Characterization	of	Inactive/Abandoned	Mine	(AML)
	 	 Features	in	New	Mexico
  Virginia T. McLemore, NM Bureau of Geology and Mineral Resources (Abstract 13)

11:40 am  LUNCHEON
	 	 Tó’Łítso,	the	water	is	yellow:	Water	quality	results	of	the	San	Juan	River	on	the	Navajo	Nation
	 	 One	Year	after	the	Gold	King	Mine	Spill
  Karletta	Chief,	University	of	Arizona	(Abstract 26)

Wednesday, June 21 Morning Session

Wednesday, June 21 Afternoon Session — Open to the public at no charge

  1:15 pm	 Communicating	River	Data	to	the	Public:	the	Animas	River	Community	Forum
	 	 Monitoring	Gaps	Analysis	Committee
  Chara	Ragland,	Querencia	Environmental	(Abstract 27)
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Diane Agnew,	NM	Environment	Department
Johanna Blake,	U.S.	Geological	Survey
Robert Cook,	U.S.	Environmental	Protection	Agency
Laura Crossey,	University	of	New	Mexico
Sam Fernald, NM WRRI
Jesus Gomez-Velez, NM Tech
Fernando Herrera, NM WRRI
Forrest John, U.S.	Environmental	Protection	Agency	
Trais Kliphuis,	NM	Environment	Department
Michaelene Kyrala,	NM	Environment	Department 
Kevin Lombard,	New	Mexico	State	University,	Farmington
Melissa May,	San	Juan	Soil	&	Water	Conservation	Dist.

Virginia McLemore, NMBG&MR
Dennis McQuillan,	NM	Environment	Department
Paul Montoia, City of Farmington
Catherine Ortega Klett, NM WRRI
Cynthia Peterson, U.S.	Environmental	Protection	Agency 
Kristine Pintado,	NM	Environment	Department
Jesslyn Ratliff, NM WRRI
Jamie Shockey,	San	Juan	Generating	Station,	PNM  
Andy Shuler, The	University	of	New	Mexico 
Stacy Timmons, NMBG&MR
Butch Tongate,	NM	Environment	Department
Thomas Turner,	University	of	New	Mexico	

Conference Planning Committee

  1:35 	 	 Three-Minute	Summary	Talks	by	Conference	Presenters
  Moderated by: Stacy Timmons, NM Bureau of Geology and Mineral Resources

  Stacy Timmons, NM Bureau of Geology and Mineral Resources
  Virginia T. McLemore, NM Bureau of Geology and Mineral Resources
	 	 Jean	McLain,	University	of	Arizona	Water	Resources	Research	Center
	 	 Melissa	May,	San	Juan	Soil	&	Water	Conservation	District
	 	 Kate	Sullivan,	U.S.	Environmental	Protection	Agency,	Athens,	GA
	 	 Johanna	Blake,	U.S.	Geological	Survey
	 	 Jeb	Brown,	U.S.	Geological	Survey
  Ethan Mamer, NM Bureau of Geology and Mineral Resources
  Talon Newton, NM Bureau of Geology and Mineral Resources
	 	 Tom	Schillaci,	Producer	of	Environmental	Documentary	Videos
	 	 Karletta	Chief,	Department	of	Soil,	Water	and	Environmental	Science,	UA
	 	 Chara	Ragland,	Querencia	Environmental

  2:30 pm BREAK

  3:00	 	 Panel:	Making	the	Community	Whole	Again
  Moderated by: Virginia T. McLemore, NM Bureau of Geology and Mineral Resources

  Kim Carpenter, San Juan County
	 	 Karletta	Chief,	Department	of	Soil,	Water	and	Environmental	Science,	UA
	 	 Rich	Dembowski,	Gold	King	Mine	Citizens’	Advisory	Committee
	 	 Dennis	McQuillan,	NM	Environment	Department
	 	 Steve	Austin,	Navajo	Nation	EPA
	 	 Kevin	Lombard,	New	Mexico	State	University,	Farmington
	 	 Bonnie	Hopkins,	New	Mexico	State	University,	San	Juan	County
  
  4:30 pm ADJOURN

Thursday, June 22 Field Trip

  6:45 am – 9:00 pm
		Animas	River	and	San	Juan	watersheds	of	northern	New	Mexico	and	southwestern	Colorado
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Panel Discussion Executive Summary 
Making the Community Whole Again

Panel discussion Thursday, June 21, 2017
 
Moderator: 
Virginia T. McLemore, NM Bureau of Geology and Mineral Resources 

Panel participants:
Kathleen Sullivan, U.S. Environmental Protection Agency, Athens, GA 

Dennis McQuillan, New Mexico Environment Department

Bonnie Hopkins, New Mexico State University, San Juan County

Karletta Chief, Department of Soil, Water and Environmental Science,  
University of Arizona

Steve Austin, Navajo Nation EPA

Rich Dembowski, Chairman, Gold King Mine Citizens’ Advisory Committee

Kevin Lombard, New Mexico State University, Farmington

Kim Carpenter, San Juan County

Editor’s Note: The following represents a transcription of panelist remarks made at the conference. Remarks were edited 
for publication by the editor. Some panelists did not review this version of their presentation and the editor is responsible 
for any errors.

Virginia McLemore: This panel will address how 
to make the communities whole again. Scientists 
welcome input from the public and we could even 
use your help with sampling and interpreting 
data. Stakeholders should also be invited to the 
table. We will have a third conference next year 

and urge everyone to come. Everyone has a unique 
perspective and sometimes there are those who 
have not heard other perspectives. The teamwork 
on this project is phenomenal and is continuing. 
We want to focus on the science even though there 
are a lot of emotions.
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Dennis McQuillan: From the beginning of the 
Gold King Mine (GKM) spill, NM wanted to be 
compensated. We wanted people who have been 
damaged to be compensated, and we wanted the 
source problem to be addressed in the mining 
district. The Environmental Protection Agency 
(EPA) came out after the spill about owning this 
and making things right and asked people to fill 
out claim cards. The people who were damaged 
need to be compensated. Also, the agencies 
who responded to the emergency need to be 
compensated. It was an emergency situation, 
so EPA should write the responders a check. We 
also need a comprehensive holistic watershed 
scale monitoring program. This is collaborative 
monitoring program. We want to make sure the 
public drinking water is protected. We need to 
have USGS complete the study that they have 
mentioned of surrogate parameters. We also need 
to figure out how to safely deliver drinking water. 
We also feel strongly that the emergency operation 
centers need to be upgraded. There has been a lot 
of tax revenue loss due to decreased business. The 
stigma that is attached to Ag products is not based 
on data and it’s still damaging our Ag industry. 
Regarding the Superfund process, EPA needs to 
be honest, transparent, and use good science. They 
also need to include NM as a stakeholder.

Kim Carpenter: I want to talk about some of 
the issues regarding the parties that have come 
together. I’ve requested a modeling solution in 
the event that this kind of issue happens again. 
There should be an automatic model that allows 
all parties to come together. There is a stigma 
that once the feds are on the ground, everything 
is under control, but it is actually under the 
command of local jurisdiction. I applaud the New 
Mexico Environment Department (NMED) for 
being a big provider of information. There are a 
number of different agencies doing things, and 
my biggest part in this is to continue to provide 
helpful avenues to concerned people. San Juan 
County is continuing to facilitate and collaborate 
with other entities. We want to make sure we keep 
open avenues of informational sources that are 
out there for use. There needs to be aggressive 
steps taken to avoid this in the future. We need to 
work collectively to find a solution to remediate 
the problem and to instill a sense of benchmark for 
others.

Karletta Chief: It is clear that Navajo people have 
been impacted beyond financial loss to include 
cultural and mental impacts. I like to see this 
recognized. Also, how to disseminate and do it 
more effectively is important. I like to see more 
innovative types of dissemination, such as videos. 
Going forward, I think this includes building 
trust and that involves dialogue in ways that are 
effective as well as working to build a capacity of 
community to respond to future spills, and taking 
steps towards being more prepared.

Steve Austin: Building trust is key. We need a 
relationship. It is useful to have public meetings, 
but I do better when I deal with folks one-on-one. 
This would require us to be more available. In 
addition, we need to understand how these metals 
are going through the system and how they will 
affect livestock and other things that are valued. 
We need more data on those effects. Our standards 
are based on studies done in the sixties, seventies, 
and eighties, so we need better information to back 
up the results that we have. It would be useful 
for us to be able to communicate that information 
knowing that there is updated science behind those 
standards. I think it would be useful to use source 
tracking. We also need to determine what else is 
contributing to what we see in the San Juan River.

Kathleen Sullivan: EPA’s goal had been to be 
very transparent in all of the work we have done 
and we strive to make it understandable. We will 
post all of the data and analyses that we did as 
part of the scientific report released in December 
2017 and in the presentations given during this 
conference very soon. There will be monitoring 
going forward. I need to figure how we can consult 
the expertise within EPA that to help address the 
additional questions raised in this meeting. I do get 
the opportunity to advise policy makers, so I can 
share the concerns we have heard today with them. 
EPA’s scientific role going forward is a question.

Kevin Lombard: I research fruit crops, medicinal 
herbs, grains, potatoes, and we are always looking 
at varieties that fit our growing climate and 
economic impact. My perspective on the GKM 
comes from a growing Ag base and the impact. 
Market farmers make up a big chunk of economic 
revenue. How do we be whole again? I do not 
want to see the next generation of farmers and 
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ranchers be discouraged. I want the institutions 
(land grant) to be supportive. Regarding Ag 
research and point source solutions, I want to make 
sure our farmers are able to sell and trade their 
products, and consumers of these products are 
satisfied. We need to restore consumer confidence. 
I do think we can benefit the scientific community 
and public at large.

Bonnie Hopkins: We have a unique role as 
extension agents. We have an appointment to 
help with community development. This incident 
has shaped a new role for us to be part of an 
emergency management-planning role. We are 
all encouraged to participate in FEMA training so 
that we can speak the same language as EPA when 
they are around. We have discussed expanding 
opportunities by perhaps giving farmers more 
opportunity in the community to expand their 
market access. We have had community discussion 
to provide more markets for alfalfa productions. 
We have discussed exporting alfalfa pelletizing 
machines. As a community, we are gradually 
overcoming the stigma that may have once been 
attached to our local produce, through good 
practices and communication with customers. 
When asked how the local agricultural community 
could be made whole again, we suggested 
expanding opportunities for both the Aztec and 
Farmington Growers Markets. There are teaching 
opportunities that should not be overlooked. It 
is important to support the farmers, education, 
and resources that are already in the works. It is 
also important that we direct the questions and 
concerns to research based information, and try to 
steer the conversation toward recovery, and not put 
the burden of this issue on the backs of our farmers 
and ranchers. We need to support them now more 
than ever.

Rich Dembowski: I have heard concerns 
repeatedly, but there are four things that need 
to happen for the healing to take place, and they 
revolve around trust and faith in government. We 
need 1. Honesty and transparency from EPA 2. 
EPA to accept liability and full accountability 3. 
Payment by the EPA for all claims 4. Investigation 
by a third party. We need an attitude change for 
all of these things to happen. I recently had a 
conversation with a member of EPA and NMED 
and I asked where do we stand on criminal 
investigation and the response was “you need to 
understand that EPA is an organization made up 
of people and people make mistakes” and I said if 
I had done that, I would be in jail that night. I don’t 

want a double standard. EPA is not exempt from 
the law. I suggest that we as citizens need to hold 
EPA accountable with Facebook or phone calls or 
whatever outlet you choose. Another suggestion 
is that someone in the upper levels of EPA needs 
to look at jurisdictional boundaries. The people 
in San Juan County, NM do not understand and 
do not accept that they are in a different region 
than where the GKM spill occurred. That is not 
acceptable. People’s questions need to be answered.

Question from Susan Palko-Schraa, Member of 
Gold King Mine Citizens’ Advisory Committee: 
We need to have a watershed district. A lot of 
problems come from three watershed districts. 
Kathleen, this may not be in your jurisdiction, but I 
would like to ask you to get back to us with a name 
of who to contact to come up with a watershed 
district.

Kathleen Sullivan: Yes, I think I know who to talk 
to about this.

Susan Palko-Schraa: It is essential. The river is 
contiguous. We need to be aggressive.

Virginia McLemore: I know the Chesapeake Bay 
area is large watershed, so perhaps we should 
research how they handled it, because I know it is 
also a coal mining area.

Rich Dembowski: Everyone has experience with 
large government organization and EPA is no 
different. They will be slow, so, Kathleen, please 
convey the message that we want someone to 
stand up and be a decision maker.

Question from Justin Yazzie, San Juan County 
Farmer: When you people mention getting whole 
again, as a grassroots farmer, it can be very hard to 
get trust back because we just think about a yellow 
river. I think it will take years for us to regain trust. 
Have the heavy metals been in the river for the last 
one hundred years? Was there any monitoring of 
heavy metals before the GKM spill? Have we been 
getting contaminated for the last hundred years?

Dennis McQuillan: The answer is that there is 
ferricrete in Cement Creek that is at least 9,000 
years old. We also have legacy mining issues and 
various spills. GKM was not the first event. We 
need to sort out effects of the background. A lot of 
what was released by GKM is now in Lake Powell. 
We need to try to prevent ongoing discharges but 
also prepare for the potential of other spills.
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Kathleen Sullivan: The USGS did extensive 
studies on this and they produced a comprehensive 
analysis. They did geology, biology, and hydrologic 
studies. Their intent was to identify the mines 
and prioritize them in as to provide the most 
benefit from remediation. There are data along the 
river in various places that make enough to piece 
together the story of existing contamination. In the 
headwaters between Silverton and Bakers Bridge, 
USGS measured high concentrations of metals in 
the river’s sediment. By the time the GKM spill 
got down to the San Juan River, the concentrations 
were not very high. A treatment plant was built to 
treat the headwaters of the Animas River and it has 
been receiving all of the water from GKM. They are 
collecting 11 million kg of metals every year and 
are successfully reducing 90% of the material. EPA 
contractors also said they went into the streams 
and found additional sediment eroded during 
the mine spill, and stabilized that situation. The 
GKM has been effectively treated and now they are 
working on additional mines in the area.

Justin Yazzie: What about seepage?

Kathleen Sullivan: These hillsides have a lot of 
interconnection so there is leakage, but it’s hard 
to tell what part of the mountain the drainage is 
coming from. They are probably catching most of it 
from the GKM, but they are up there investigating 
a number of other mines so they can be remediated 
as well.

Kim Carpenter: The American Tunnel mine in 
Colorado is also a concern. There are a number of 
other sites that are having to be addressed.

Kathleen Sullivan: I have been looking at water 
quality data and it’s beginning to trend downward 
in the stream, so perhaps the treatment is effective 
at a large scale. EPA continues to remediate and 
monitor the upper Animas River in the mining 
district as part of the Superfund effort.

Justin Yazzie: I am afraid to farm during 
monsoons because metals spike.

Kathleen Sullivan: Yes, you are seeing natural 
metals for the most part. You will get a brief period 
when you will see some metals from the Animas 
headwaters mining area. You will see spikes in the 
metals with the sediment levels.

Dennis McQuillan: Those are good questions. 
There was a mill in Durango that discharged high 
concentrations, there were no fish and barely algae, 

and once the discharge stopped, it went back to 
normal.

Bonnie Hopkins: I hope our media sources do 
not attack the farmers and ranchers. We need to 
stay focused on education and research. We are 
not questioning the food safety. It is the long-
term impacts of our community as a whole and 
we cannot put the burden on the farmers and 
ranchers. I would hate to see questioning of the 
food safety.

Dennis McQuillan: We just put out a fact sheet 
that indicates crops are safe based on our data. Is it 
safe to plant? Yes.

Kevin Lombard: The Fruitland series. The pH of 
the soils typically run above 7 with 0 being the 
most acidic and 14 being basic. The pH of our soils 
is working in our favor. We need to have positive 
marketing backed up by the science combined with 
all the other disciplines.

When the Animas levels out and calms, would it 
would a benefit to have a water treatment plant 
there to intercept acid mine drainage? Would it 
lower the pH of the water?

Virginia McLemore: Recovery of these metals 
rarely works out. When the Animas River levels 
out, there is not much to treat. The problem is the 
sludge that comes through during monsoon season 
or rapid snowmelt.

Dennis McQuillan: A feasibility study will be 
done during this Superfund.

Kim Carpenter: What has been overshadowed are 
the nitrates in that river. There has been ongoing 
efforts to work with Colorado, Arizona, San Juan 
County, and the Navajo Nation on these issues. We 
do not want to overshadow what came to us from 
the mine and other human caused issues in the 
river.

Dennis McQuillan: Our long-term monitoring 
plan keeps those things in mind.

Question from Patricio Sanchez, San Juan County 
Native: Regarding sampling and material released 
from the mine, I would like to know if there are 
any radionuclides that could have been included in 
this release.

In addition, it is my understanding that when 
the initial abatement took place, there was not a 
professional engineer that reviewed the abatement. 
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Can they assure us that a licensed professional 
engineer reviews the plans?

Dennis McQuillan: No, radionuclides were not 
present. The public water system is required to test 
for these under the Safe Water Drinking Act.

Rich Dembowski: Regarding advertising for food 
growers, the San Juan County Citizens’ Advisory 
Committee coordinated with Bonnie Hopkins 
to make sure we get the word out when NMED 
provides data. We physically distribute brochures 
so we can get the word out to people, so they know 
the produce is safe to consume.

Question from Fred Johnson, Navajo EPA Water 
Quality Program: We have met with chapters 
along the river numerous times and told them 
it is ok to irrigate with the river water. How do 
we share the science with the Navajo to where 
they understand and believe that science is good? 
The Navajo people don’t listen to us and want to 
continue to think that the acid drainage is still in 
the system, but science has said otherwise.

Kim Carpenter: We have reached out to chapter 
houses and we have found something that works 
well. I had made a comment to someone that we 
need to unify at the table. We find that we have 
residents come to county government more so 
than the Navajo government for answers. We 
had to facilitate. It is important for Navajo EPA 
to consolidate an effort to have meetings at the 
chapter house with all entities, so we can further 
provide as much info as possible. I told a frustrated 
rancher that I would eat his crops. I can assure 
you that if there were issues that deemed food 
unsafe, someone on this panel/conference would 
have spoken up by now. There would be dialogue 
regarding unsafe water. How can we provide 
facts to the people in a way that they understand 
and who are the key stakeholders who can help 
confirm the information?

Dennis McQuillan: One of the hardest challenges 
we face is how to disseminate information in a way 
that it is understandable to the public.

Karletta Chief: I want to encourage you to distill 
your one hundred pages of data to one page. Stay 
away from graphs and hire a Navajo translator 
who can translate for you. I do not think the 
Navajos have been receiving information regularly. 
You can talk about your results on Navajo radio 
stations. We need more of that dialogue.

Bonnie Hopkins: I do not necessarily see the 
farmers from Navajo Nation. The Ag community 
believes and trusts the science. I haven’t 
had farmers come to me and say they aren’t 
comfortable using the water. Our issue is consumer 
confidence.

Question from Leon Spencer, Navajo Nation, 
Shiprock: Can we use some of these data, look at 
one of our ditches, and take some samples to see 
if there are similar results, so that we can show it 
to the people and say their situation is similar to 
ours? That type of information is effective.

Steve Austin: I say that all the data are publically 
funded and publically available. We are trying 
to get all of our data out there by the end of the 
summer, and you can use it to communicate.

Leon Spencer: We have not seen something on 
the ground. We have seen people out there taking 
samples. We need to install a passive system before 
the irrigation gate. We need three ponds with an 
overflow at the end. We want to see something 
implemented to show the people that we are 
putting things on the ground to gain their trust. We 
can also do this on a larger scale if the pilot project 
is successful. I work with emergency management 
and I was in charge of the incident command 
center during the GKM spill. It was chaotic but we 
got flyers out and told people to corral animals 
with alternative water sources. Many of the spill 
impacts will be long-term.

Steve Austin: Regarding passive treatment, that 
kind of system will be installed and it will be 
useful to see what they learn, and to learn how 
feasible it is with the kinds of sediment levels we 
are seeing on the San Juan Rivers.

Question from Melissa May, San Juan Soil 
and Water Conservation District: This is about 
distinguishing the incident’s water quality from 
social impacts. As a scientist, I thought it was 
crazy, exciting, and it encouraged me to look up 
water quality standards. I thought maybe it was 
not that bad, but obviously the social impacts are 
a very real part of the incident. Rich, one of your 
big initiatives was to hold EPA accountable. Has 
your committee been framing it in those three 
categories?

Rich Dembowski: We have not framed it in those 
terms except recently. One of the big flaws is in 
conjunction with NMED. I wrote three emails 
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to EPA inviting them to make a presentation. 
They ignored us. I think it is because there is 
a jurisdictional issue between EPA Region 6 
and 8. Each one is trying to protect one of their 
resources. What we are trying to do now is focus 
the committee on communicating with growers, 
producers, and consumers. Your question might 
make me refocus the committee a little bit. As a 
committee, we need to carry the message from the 
citizens to NMED, and distribute that message 
throughout the state government. We can then 
generate the attitude change. We have seen a 
movement change at EPA since the change of 
administration.

Karletta Chief: In the focus groups that we 
conducted, we found that there was a lot of trauma 
that comes from the past of Native Americans. 
Adding the GKM spill to their past connects to 
their connection with the environment. Their 
perspective is desecrated which causes emotional 
trauma. People wanted to have the ability to share 
that pain. Chili Yazzie was trying to get a group to 
look into the mental health impacts and how there 
can be healing done. There is that need and I have 
been trying to voice that for the people in that there 
needs to be a look into the mental health impacts.

Virginia McLemore: I want to commend those 
who have responded to the GKM spill to-date. 

We are starting to learn interesting information. 
We as scientists have to trust that our government 
officials will do what they need to do to protect 
the environment. We really do care about what 
is going on up here. Legacy mine issues are all 
over and have more impact today than seen in the 
past. We need to stop pointing fingers and work 
together. EPA did not go do this deliberately. We as 
scientists need to communicate our results better.
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Ecological and Chemical Analysis of Heavy Metal Transduction in Salix exigua 
on the Animas and Florida Rivers

Magena Marzonie, Cynthia Dott, and Callie Cole 
Fort Lewis College

Contact: Magena Marzonie, Fort Lewis College, CO, mrmarzonie@fortlewis.edu, 720-629-3317

Abstract 1

On August 5th, 2015, an accident at the Gold King Mine in Silverton, Colorado triggered the release of 
three million gallons of heavy metals into the Animas River. As heavy metals have toxic effects in high 
concentrations over time, it is extremely important to quantify the amounts of heavy metals in both the water 
itself, as well as surrounding riparian zones. This study inquired as to whether heavy metals were present 
in Salix exigua, or coyote willow, which makes up a large portion of the riparian biota. Samples were taken 
from three sites, at Oxbow Park and Preserve and Trimble Lane on the Animas River, as well as from a control 
site on the Florida River. Six metals, including aluminum, zinc, cadmium, manganese, barium, and iron, 
were quantified in root and leaf samples to account for the fate and transport of these metals from the water 
and sediment into the plants. As bioaccumulation of metals in ecosystems can have effects in many areas, 
assessing the concentrations in the flora surrounding the river is essential to accounting for all aspects of river 
health. Metals were found to be significantly higher in roots compared to shoots, across all sites. Furthermore, 
the Animas River had significantly higher concentrations of heavy metals than the control site. Specifically, 
Oxbow Park and Preserve had the highest levels due to the geomorphology of this river reach. This study was 
essential for the quantification of heavy metal concentrations in the Animas River, and will help gain insight 
to the ecological health. It also will serve as baseline data for future studies accounting for plant health in this 
area.
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Application of Newly Identified Solar-atmospheric Connections Towards 
Improved Forecasts of the Animas River and Other Streams in the  

Western US

Michael Wallace 
MW&A, Albuquerque, NM

Contact: Michael Wallace, Hydrologist, MW&A, Albuquerque, NM, mwa@abeqas.com, 505-401-3785

Abstract 2

Considerations of connections between modern solar cycles, Hadley circulation patterns, variations in the 
tropopause, and streamflow characteristics of several mid latitude, high altitude watersheds have pointed to 
the potential for improved multi-annual to sub-decadal forecasting of streamflows in targeted locations. Such 
conditions appear to apply to watersheds of the Himalayas as well as to the southern Rocky Mountains of the 
western United States.

Following the development of a comprehensive conceptual model as a foundation to the study, correlations 
and linear regressions were developed for key sequential features. The resulting forecasting approach focused 
on streamflow time series for prime candidate streams of the Rocky Mountains, including the Animas and 
Pecos Rivers. A third stream, the Gila River in the Mogollon Mountains was included in the comparative 
study because of its marginal candidacy with respect to geopotential height and latitude, and also because of 
the opportunity to compare the new approach to a recently published forecasting study utilizing competing 
global circulation models (GCMs) which were applied to that river.

The forecasts based upon the new regression method were the most accurate of all featured methods, for the 
series considered under a 5 year trailing average. Through a sequence of solar and tropospheric regression 
exercises, forecasts for the Animas and Pecos Rivers were advanced as far as 6 years into the future. The 
forecasts under the new method were also found to be more accurate than the conventional autocorrelation 
and GCM methods under an annual average with

a 2 year lead forecast approach, although the fidelity of all results were diminished in comparison to the 5 
year average set of forecasts.

Subsequent exploration of monthly correlations suggest that for appropriate locations, including the Animas 
River, advances of hydroclimate forecasting accuracy with monthly resolution yet multi-annual lead times 
may also be possible through the new technique.
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The Gold King Mine Spill in the Context of Historical Water Quality 
Impacts to Utah’s San Juan River and Lake Powell

Christopher L. Shope 
Utah DEQ, Division of Water Quality

Contact: Christopher L. Shope, Utah DEQ, Division of Water Quality, cshope@utah.gov, 801-536-4309

Abstract 3

In early August 2015, the release of metals-laden, mining-adit discharge from the Gold King Mine (GKM) 
near Silverton, CO, caused the downstream transport of a bright orange plume that captured international 
headlines. The Gold King Mine discharges to Cement Creek, a tributary of the Animas River, which 
contributes to the San Juan River and ultimately flows into Lake Powell. While the impact of this single event 
has raised large-scale public health and ecological concerns and resulted in the restitution of nearly $30M, 
it further identifies the need for better understanding of long-term metals source contributions, fate, and 
transport to the San Juan River and the Lake Powell sediment repository. This presentation will describe the 
GKM spill, the observed effects of the spill on Utah’s waters, evaluate how the spill compares to long-term 
transport conditions, and describe current and future multi-jurisdictional, multi-agency activities to better 
understand metals-source impacts on the San Juan River and Lake Powell.
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The Colorado Data Sharing Network: A useful tool for visualizing water quality 
data in the Animas watershed

Melissa May 
San Juan Soil & Water Conservation District, melissa.may@sanjuanswcd.com

Rachel Hoffman 
Animas Watershed Partnership, healthyanimas.awp@gmail.com

Contact: Melissa May, San Juan Soil & Water Conservation District, 1427 W. Aztec Blvd., Ste. 1, Aztec, NM 
87410, melissa.may@sanjuanswcd.com, 505-334-3090 x5

Abstract 5

The Colorado Data Sharing Network (CDSN) is a publicly accessible website, coloradowaterdata.org, which 
has been set up to “enhance Colorado’s watersheds and water quality by providing CDSN’s data partners 
and Colorado’s citizens with an accessible and affordable tool kit for data management, data analysis, 
and data sharing.” The CDSN is set up via the nationwide Ambient Water Quality Management System 
(AWQMS), and also includes additional Web GIS functions.

As an organization that works in the interstate-watershed of the Animas River, the San Juan Watershed 
Group (via the San Juan Soil & Water Conservation District) got permission to be added as the CDSN’s first 
data partner in New Mexico. SJWG has since uploaded E.coli, nutrient, and ambient water quality data 
from two of its most recent water quality studies in New Mexico. Data added by the Animas Watershed 
Partnership on the Colorado side of the Animas gives an even more complete picture of nutrient and bacteria 
trends in the Animas River.

This interactive presentation will demonstrate several of the many useful tools in the CDSN that can be used 
to explore the nutrient and bacteria data, as well as many other parameters collected by diverse entities. 
The presentation will focus on ways the general public can search and filter data of interest via the “CDSN 
Google-Map.” A parameter of interest, like lead, can be selected and highlighted based on water quality 
benchmarks or concentrations of concern. The user can then see at which sites this water quality parameter 
was measured, when the measurements took place, and whether any exceedances occurred. It will also touch 
on the more complicated analyses available for data partners via AWQMS.

Quality data is critical for decision making and research in all fields, and when freely shared can improve the 
work of others. Access to data can make the difference in determining if a single measurement is an outlier or 
part of a long-term trend, and can help to identify “known unknowns” and thus free up resources to ask new 
questions.
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Mine Spills and Antibiotic Resistance – What is the Connection?

Jean E. McLain 
University of Arizona Water Resources Research Center

Contact: Jean E. McLain, Associate Director, University of Arizona Water Resources Research Center, 
mclainj@email.arizona.edu, 520-621-7292

Abstract 7

Antibiotic resistant bacteria are found in most environments, especially in waters that have been impacted 
by severe pollution. Many researchers have confirmed a direct correlation between pollution (including 
industrial pollution and mine drainage) and the spread and persistence of antibiotic resistant bacteria and 
antibiotic resistance genes within the resident bacterial communities in water and sediments. Although the 
threat posed to human health by the presence of resistant bacteria and antibiotic resistance genes in natural, 
non-pathogenic bacteria in these environments is minimal, health risks are enhanced by the potential for 
horizontal transfer of resistance genes to human pathogens.

Increases in bacterial antibiotic resistance and resistance genes have been reported in environments impacted 
by acid mine drainage. These increases are generally coupled with contamination by heavy metals, which 
have been shown to induce the development of resistance mechanisms in bacteria.

Several studies have shown increased presence of multiple-antibiotic resistant bacteria, or “superbugs” in 
water and sediments exposed to acid mine drainage.

This presentation will cover the state-of-the-art of the research on antibiotic resistance, heavy metals, acid 
mine drainage, and their connection in the environment. The talk will review the spread and the persistence 
of heavy metals, and how their presence in acid mine drainage influences the selective survival of antibiotic 
resistant bacteria. Finally, the author will propose a monitoring system to assess human health risk posed by 
exposure to antibiotic resistant bacteria to populations impacted by the August 2015 Gold King Mine Spill.
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Surface Water Geochemistry During Snowmelt and Monsoons in the Animas and 
San Juan Rivers

Johanna M. Blake and Jeb E. Brown 
U.S. Geological Survey

Contact: Johanna M. Blake, U.S. Geological Survey, jmtblake@usgs.gov, 505-415-2464

Abstract 8

Surface water samples collected in the Animas and San Juan Rivers during 2016 snowmelt and in the Animas 
River in three 2016 monsoonal storms were evaluated for dissolved (<0.45 μm) and total concentrations of 
metals such as aluminum, iron, lead, manganese, and arsenic.

Dissolved concentrations of aluminum, iron, and lead range between 0.70 % and 14% of the total 
concentrations; manganese and arsenic have higher dissolved concentrations compared to total 
concentrations (1.2%-75%). Concentrations of total aluminum, iron, lead, manganese, and arsenic increase 
during the rising limb of all hydrographs, suggesting a relationship with sediment concentrations, which 
increase with increasing streamflow. Aluminum and iron have the highest total concentrations, 63,400 μg/L 
and 82,500 μg/L, respectively. Metals such as lead and arsenic are known to adsorb to iron, aluminum or 
manganese, which are present in the total water analyses. A National Uranium Resource Evaluation study of 
this area from the 1970s found that aluminum and iron have the highest concentrations of all elements found 
in streambed sediments, which suggests that the sediment in these rivers is partially composed of aluminum 
and iron. For the total surface water chemistry, in snowmelt samples, the relations of aluminum and iron to 
lead and arsenic are positive and linear, while in monsoonal samples, the relations are polynomial. Further 
evaluation of the chemistry of the watershed sediments, the stream bed sediments, and suspended sediments 
will help to understand the geochemical processes in the Animas and San Juan Rivers.
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Potential Surrogate Methods for Monitoring Concentration of Metals in Real-
time, Animas and San Juan Rivers, Northeastern New Mexico

Jeb E. Brown and Johanna M. Blake 
U.S. Geological Survey

Contact: Jeb E. Brown, U.S. Geological Survey, jebbrown@usgs.gov, 505-830-7915

Abstract 9

Availability of real-time metal concentrations in the Animas and San Juan Rivers could inform water users 
(municipalities, irrigators, etc.) when metal concentrations in the river are elevated to levels of concern. 
Elemental analysis of physical, surface-water samples do not occur on a time scale sufficient to support 
operators in making immediate timely decisions. However, there is some evidence of positive relationships 
between sediment concentration or turbidity and metals concentration in the Animas and San Juan 
Rivers. Surrogate technologies (active hydroacoustics, laser diffraction, turbidity, optical backscatter, and 
densimetric) have been successful at quantifying suspended-sediment concentrations in real time. Stream-
water pH and sediment chemistry in the Animas and San Juan Rivers cause metals to remain associated 
with the solid phase in the water column. It is likely that these solid-phase metals correlate with surrogate 
measurements previously used to estimate suspended-sediment concentration, such that suspended-
sediment concentration could be used as a surrogate for metal concentrations.

However, these surrogates have site specific limitations: turbidity (and optical backscatter) correlations 
have high uncertainties in sand channels; active hydroacoustics can be overwhelmed with high levels 
of suspended-sediment; laser diffraction sensors are prone to fouling due to biofilms; and densimetric 
measurements require suspended-sediment concentrations above 20,000 mg/L. In the Animas and San Juan 
Rivers, it is likely that the most promising surrogate measurements to estimate real-time metal concentrations 
would be active hydroacoustics and turbidity.
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AML Project: Inventory and Characterization of Inactive/Abandoned Mine (AML) 
Features in New Mexico

Virginia T. McLemore 
New Mexico Bureau of Geology and Mineral Resources, New Mexico Tech

Contact: Virginia T. McLemore, New Mexico Bureau of Geology and Mineral Resources, New Mexico Tech, 
801 Leroy Pl., Socorro, New Mexico 87801, virginia.mclemore@nmt.edu, 575-835-5521

Abstract 13 – Both Oral and Poster

New Mexico’s mineral wealth is among the richest of any state in the U.S. In 2015, New Mexico ranked 10th 
in coal production, 2nd in copper production, and 20th in total nonfuel minerals production (McLemore, 
2017). Most of the state’s production comes from oil, gas, coal, copper, potash, industrial minerals (potash, 
perlite, cement, zeolites, etc.) and aggregates. Other important commodities include molybdenum, gold, 
uranium, and silver. However, legacy issues of past mining activities forms negative public perceptions 
of mining, and inhibits future minerals production in the state. Some legacy mines have the potential to 
contaminate the environment; the Gold King uncontrolled release into the Animas River is a recent example. 
At the time the General Mining Law of 1872 was written, there was no recognition of the environmental 
consequences of discharge of mine and mill wastes or the impact on drinking water, and riparian and aquatic 
habitats. Miners operating on federal lands had little or no requirement for environmental protection until 
the 1960s-1970s, although the dumping of mine wastes and mill tailings directly into rivers was halted by 
an Executive Order in 1935. It is important to recognize that these early miners were not breaking any laws, 
because there were no laws to break, but legacy issues still exist.

The New Mexico Bureau of Geology and Mineral Resources (NMBGMR) has been examining the 
environmental effects of mine waste rock piles and tailings throughout New Mexico since the early 1990s 
(http://geoinfo.nmt.edu/staff/mclemore/projects/environment/home.html). There are tens of thousands of 
inactive or abandoned mine features in 274 mining districts in New Mexico (McLemore, 2017; including 
coal, uranium, metals, and industrial minerals districts), however many of them have not been inventoried 
or prioritized for reclamation. The New Mexico Abandoned Mine Lands (AML) Bureau of the New Mexico 
Mining and Minerals Division (NMMMD) estimates that there are more than 15,000 abandoned mine features 
in the state (http://www.emnrd.state.nm.us/MMD/AML/amlmain.html). The New Mexico AML Program 
has safeguarded over 2,300 mine openings since inception in 1981 in about 250 separate construction projects 
(some of which were focused on coal gob reclamation and not safeguarding). The U.S. Bureau of Land 
Management (BLM) recently estimated that more than 10,000 mine features are on BLM lands in New Mexico 
and only 705 sites have been reclaimed (http://www.blm.gov/wo/st/en/prog/more/ Abandoned_Mine_Lands/
abandoned_mine_site.html).

The NMBGMR has collected published and unpublished data on the districts, mines, deposits, occurrences, 
and mills since it was created in 1927 and is slowly converting historical data into a relational database, the 
New Mexico Mines Database (McLemore et al., 2005a, b). More than 8,000 mines are recorded in the New 
Mexico Mines Database and more than 7,000 are inactive or abandoned. These mines often include two or 
more actual mine features.

Most of these mine features do not pose any physical or environmental hazard and many more, pose only a 
physical hazard, which is easily but costly to remediate. But a complete inventory of these features is needed. 
Some of these inactive or abandoned mine features can pose serious health, safety and/or environmental 
hazards, such as open shafts and adits (some concealed by deterioration or vegetative growth), tunnels and 
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drifts that contain deadly gases, highwalls, encounters with wild animals, radon and metal-laden waters. 
Other sites have the potential to contaminate surface water, groundwater and air quality. Heavy metals in 
mine waste piles, tailings and acid mine drainage can potentially impact water quality and human health.

Many state and federal agencies and mining companies have mitigated many of the physical safety hazards 
by closing some of these mine features, but very few of these reclamation efforts have examined the long-term 
environmental effects. There is still potential for environmental effects long after remediation of the physical 
hazards, as found in several areas in New Mexico (for example Terrero, Jackpile and Questa mines). Some of 
these observations only come from detailed geochemical and electron microprobe studies that are not part of 
a remediation effort.

The NMBGMR in cooperation with the Mineral Engineering Department at New Mexico Tech and the AML 
program is conducting research on legacy mine features in New Mexico. The objective of our research is 
to develop a better procedure to inventory and characterize legacy, inactive or abandoned mine features 
in New Mexico. This project will inventory, characterize, and prioritize for remediation the mine features 
in three mining districts in New Mexico: the Jicarilla Mountains district in Lincoln County and the North 
Magdalena and Rosedale districts in Socorro County for the New Mexico AML Program. Additional mining 
districts in Socorro County are being examined as well. The project involves field examination of the mines 
features and collecting data on the mine features (Bureau of Land Management, 2014). Samples are collected 
to determine total whole rock geochemistry, mineralogical, physical, and engineering properties, acid-base 
accounting, hydrologic conditions, particle size analyses, soil classification, shear strength testing for stability 
analysis, and prioritization for remediation, including hazard ranking. Not only will samples be collected for 
geochemical and geotechnical characterization, but the mine features will be mapped, evaluated for future 
mineral-resource potential, and evaluated for slope stability.
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Continued Monitoring of the Animas River Valley Groundwater Level After the 
Gold King Mine Mine-water Release of 2015

Ethan Mamer, Stacy Timmons, B. Talon Newton, and Cathryn Pokorny 
New Mexico Bureau of Geology and Mineral Resources

Contact: Ethan Mamer, New Mexico Bureau of Geology and Mineral Resources, Ethan.mamer@nmt.edu,  
575-322-5220

Abstract 15

Following the August 5, 2015 bulkhead breach of the Gold King Mine roughly 3 million gallons of mine waste 
water and tailings were introduced to a tributary of the Animas River, turning the water a vivid orange. While 
the river has since returned to its normal color there is still concern that the toxic metals left on the streambed 
may begin to seep into the shallow alluvial aquifers and impact the communities in the surrounding area. 
In August 2015, in collaboration with other agencies (USGS, NM OSE, and NMED), groundwater level 
measurements were collected at over 100 locations along the Animas River. Using the network of wells 
established in 2015, we developed a groundwater level monitoring program in the Animas River valley 
utilizing private domestic wells.

This well network has been manually measured now for nearly 2 years, helping us to understand the seasonal 
fluctuations of the water table and how it affects the groundwater/ surface water interactions in the area. 
The four annual measurement campaigns are carried out at specific intervals to capture water levels during 
hydrologic events that likely influence the regional hydrology. Not all wells in the monitoring network are 
measured during each sampling visit due to scheduling conflicts and well owners opting out the network. 
A winter measurement is recorded when the river is under base-flow conditions. The spring measurement 
occurs just as the agricultural season begins and irrigation ditches are filled. An early June measurement 
captures water levels as the main snowmelt pulse moves through the area and the Animas River stage is at its 
highest. Finally, a fall measurement is recorded near the end of the monsoon and agriculture season. Repeat 
water level measurements are important to understand the seasonal fluctuations in of a groundwater system, 
particularly one that is hydraulically connected to surface water features, such as rivers or irrigation ditches.

In addition to collecting manual water level measurements, a network of 24 wells have been instrumented 
with continuous data loggers. Four of the instruments have at least a year of data, while the other 20 were 
installed in fall 2016. The data loggers collect water level and temperature every 12 hours. From a continuous 
record of groundwater level, we can see brief temporal scale fluctuations in water levels that help us 
understand what factors have an influence on the water table in the area. These continuous records also allow 
us to better distinguish annual highs and lows of the water table that are otherwise missed by the quarterly 
measurements. In most wells, the resulting hydrographs show a pronounced connection with the ditches and 
river. Intermittent spikes in river stage can be seen in some wells as small pressure changes in the water levels 
record. When the ditches were shut off many of the wells rapidly decline. Twelve of the data loggers also 
measure specific conductivity, allowing us to see temporal fluctuations related to the groundwater chemistry.

A water table map has been delineated for each seasonal measurement collection. Each water table is 
constructed using the manually collected water level measurements, paired with a high-resolution LiDAR 
digital elevation model. The river stage elevation is constrained by 3 USGS streamflow gauges, as well as 
several river stage measurements that were manually surveyed during at the end of monsoon season and 
winter base-flow conditions. For the most part, the water table map shows the river is a gaining system, 
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where groundwater from the surrounding valley flows down-gradient and discharges into the river. With the 
implementation of high resolution elevation and river stage datasets, several vulnerable locations along the 
river were identified. The winter and spring water table map showed that in close proximity to the river, the 
water table contours were almost perpendicular to the river, and even slightly inverted in places, indicating 
neutral or losing conditions, respectively. With a neutral water table, fluctuations in the river stage can 
quickly turn a slightly gaining reach to a slightly losing reach. Regions that showed the greatest vulnerability 
to surface water infiltration were located along the reach between Cedar Hill and Aztec. Specifically, the wells 
in close proximity to the river at Inca were most susceptible to surface water influence. The water table east 
of Cedar Hill also demonstrated the potential for surface water impact, as well as a small stretch just north 
of Aztec. The degree to which the river is losing is so slight (less than 1 ft) that it is not detected by coarse 
resolution, regional water table maps. In areas with dense enough sampling, we refined the contouring to 5 ft 
intervals.

While this does not mean that these wells are in immediate danger of drawing water from the river, it does 
however, show that there are reaches of the river that are slightly losing. This means that metals that are 
resting on the streambed have the potential to move into the groundwater. The water levels indicate that 
losing reaches are more prevalent during the winter months, when the water table is lowest, most notably in 
close proximity to the river, along the reach between Aztec and Cedar Hill.
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Geologic Setting and History of Mining in the Animas River Watershed, 
Southern Colorado

Virginia T. McLemore 
New Mexico Bureau of Geology and Mineral Resources

Contact: Virginia T. McLemore, New Mexico Bureau of Geology and Mineral Resources (NMBRMR) 
New Mexico Tech, Socorro, NM 87801, virginia.mclemore@nmt.edu, 575-835-5521

Abstract 16

On August 5, 2015, EPA contract personnel caused the release of wastewater at the Gold King mine, Colorado 
into the Animas River. Approximately 3 million gallons of acid mine water containing metals and iron 
oxyhydroxide sediments were released. The aftermath of this uncontrolled rapid release of mine waters 
has resulted in re-evaluation of ongoing environmental impacts from of legacy mines throughout the U.S. 
and examination of potential consequences along the Animas River. The Bonita Creek mining district, 
which includes the Gold King mine and 45 other mines in the Animas River watershed is now a superfund 
site. The purposes of this presentation are to provide geologic and historical background of mining in the 
Animas River watershed, and to begin to address the path forward in preventing similar spills. Most of the 
information presented is from previous work, including Church et al. (2007), Church (2014), Gobla et al. 
(2015), and Yager et al. (2016) among other references and the Animas River Stakeholders Group website 
(http://animasriverstakeholdersgroup.org/blog/).

The Animas River Watershed is in the northernmost headwaters of the Animas River in San Juan County, 
Colorado. It includes the drainage basins of the Animas River upstream from Silverton and its two main 
tributaries, Cement and Mineral Creeks (Church et al., 2007). Elevations are extreme; Silverton is at 9,305 ft 
and some of the mountain peaks in the headwaters rise to more than 13,800 ft. The Animas River Watershed 
encompasses an area of approximately 150 sq miles. The Bonita Peak mining district (declared a superfund 
site in 2016) is within this area (https://semspub.epa.gov/ work/08/1570792.pdf).

A Late Oligocene volcanic center erupted many cubic miles of lava and volcanic tuff and formed the 
Silverton caldera at approximately 22-25 million years ago. Volcanism was followed by multiple episodes of 
hydrothermal activity along faults that produced widespread areas of pyrite alteration and quartz-pyrite-
metals veins. Most of the host rock is very fractured and permeable, which results in complex, interconnecting 
groundwater flow paths. Subsequent weathering of hydrothermally mineralized veins and altered rocks, 
particularly the acid sulfate and the quartz-pyrite-sericite alteration that is extensive in the watershed, results 
in the generation of natural acid drainage and mobilizes metals from the host rocks (Church et al. 2007; Yager 
et al., 2016, among other studies). Thus, not all elevated concentrations of metals and low-pH conditions 
found in streams are the result of historical mining. The sources for these heavy metals are both man-made 
(i.e., mining related) and naturally occurring. In 1874, it was noted that water in both Cement and Mineral 
Creeks contained iron sulfate, making the water undrinkable (Rhonda, 1876). Weathering of the mine wastes 
is another major source of metals and acidity.

Early mining was by the Spanish. An arrastra, used to recover gold and silver, was found in the district. 
The district was rediscovered about 1860. Development began in 1871 with the Little Giant mine. However, 
extensive mineral exploration did not begin until after the signing of the Bernot Treaty with the Ute Tribe in 
1873. Gold and silver production increased once the railroad to Silverton was built in July 1882. Once milled, 
most sulfide concentrates were shipped to Durango, Colorado for smelting. Production occurred during four 
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periods: (1) the Smelting Era 1871–1889, (2) the Gravity Milling Era 1890–1913, (3) the Early Flotation Era 
1914–1935, and (4) the Modern Flotation Era 1936–1991. The production from the watershed amounted to 
more than $529 million, including >2.2 million oz Au, >51 million oz Ag, >112 million lbs Cu, >765 million lbs 
Pb and >604 million pound Zn from more than 300 mines (Church et al., 2007).

More than 5,000 prospects, mines and mills are found in the Animas River Watershed, many of which contain 
waste rock, tailings piles and/or are discharging mine drainage (Church et al., 2007). Of the 18.1 million short 
tons of ore produced in the Animas River Watershed from 373 mines and mills, an estimated 8.6 million short 
tons of mill waste (about 48%) was discharged directly into surface streams or adjacent land prior to about 
1935. EPA estimates that there are approximately 248,000 cubic yards of waste rock and water discharging 
out of mining adits is at the cumulative rate of 3,740 gallons per minute (5.4 million gallons per day) (https://
semspub.epa.gov/work/08/1570792.pdf).

At the time the General Mining Law of 1872 was passed by the U.S. Congress, there was no recognition of 
the environmental consequences of direct discharge of mine and mill wastes into the nation’s rivers and 
streams or the impact of this activity on the availability of drinking water supplies, and riparian and aquatic 
habitats. Miners operating on federal lands had little to no requirement for environmental protection until the 
1960s and 1970s, although the dumping of mine wastes and mill tailings directly into the nation’s rivers was 
halted by an Executive Order in 1935. It is important to recognize that these early miners were not breaking 
any laws, because there were no laws to break and most miners were utilizing acceptable standard mining 
practices at that time. However during the 1970s and 1980s, operating mines were required to perform some 
remediation efforts. Water treatment plants were operated by mining companies in the area, but closed when 
the mines closed. By 2007, more than

$20,000,000 had been spent on remediation, largely on removal of mill tailings deposited in the riparian zone 
of the Animas River (Church et al., 2007). Both private and public (EPA, USFS, State of Colorado, BLM) funds 
have been used for these remediation efforts.

Some of the challenges for reclamation efforts in the Animas River Watershed include (Church et al., 2007; 
Church, 2014; Gobla et al., 2015):

• Complex land ownership (USFS, BLM, orphaned properties held by San Juan County for delinquent 
taxes, private property)

• Rugged mountain geography and climate (access is difficult during winter months)
• Issues of financial liability
• Technical approaches needed to mitigate acid mine drainage without resorting to costly treatment 

facilities
• The need for adequate space to build new repositories to move those mine wastes that cannot be miti-

gated in place

• Effect of reclamation on tourism in a historical mining district Silverton.
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Animas and San Juan Rivers

K. Sullivan, M. Cyterski, C. Knightes, J. Washington, S. Kraemer, L. Prieto 
National Exposure Research Laboratory, U.S. Environmental Protection Agency, Athens, GA

Brian Avant 
Oak Ridge Institute for Science and Education

Contact: K. Sullivan, National Exposure Research Laboratory, U.S. Environmental Protection Agency, Athens, 
GA, sullivan.kate@epa.gov, 706-355-8100

Abstract 17 – Both Oral and Poster

On August 5, 2015, a large acidic mine pool trapped behind a collapsed mine structure and rock debris in 
the Gold King Mine (GKM) was accidently breached releasing approximately 11.3 million liters (3 million 
gallons) of low pH (~3) metal contaminated mine drainage into a small tributary in the headwaters of the 
Animas River in southwestern Colorado. The release introduced approximately 490,000 kg of dissolved and 
particulate metals over a 12-hour period into the Animas River at Silverton, CO, located 13 km downstream 
from the mine. The mine effluent contained 2,900 kg of dissolved metals. Most of the released metals were 
eroded from the old waste pile outside the mine entrance and within Cement Creek by the rushing water. The 
release introduced large quantities of particulate aluminum, iron, manganese, lead, copper, arsenic and zinc 
to the Animas River, of which 15,000 kg was in dissolved form.

The release traveled as a coherent plume of metals through 550 kilometers (342 miles) of the Animas and 
San Juan Rivers over an 8- day period before ultimately reaching Lake Powell in Utah. As part of emergency 
response measures, EPA, States, Tribes and non- governmental organizations initiated extensive monitoring 
of water and sediments, collecting over 1,400 water quality and 800 sediment samples the rivers from August 
2015 to November 2016. These data were extensively analyzed and augmented with modeling to quantify the 
source, transport, and fate of metals released from the Gold King Mine. Metal mass estimates were based on 
empirical reconstruction of water samples and flow measured at USGS gages, supported by a process-based 
water quality model (Water Quality Analysis Simulation Program --WASP) that simulated the contaminant 
transport as the plume flowed through the rivers.

When the acidic plume entered the larger and more alkaline Animas River at Silverton, CO, both dissolved 
and colloidal/particulate metals concentrations declined rapidly, as chemical reactions and hydraulic 
processes diluted, transformed and deposited material. Only 5% of the metal mass released from Gold King 
Mine arrived at Lake Powell with the plume. Most of the entrained particulates and the iron and aluminum 
oxides that formed within the plume were deposited in the river bed and along channel margins, primiarly 
in the upper reaches of the Animas River between Silverton (16.4 km from source) and Durango, Colorado 
(100 km) (Figure 1). This material remained in place until it was mobilized during snowmelt in 2016. Another 
6% of the release mass (49,000 kg) was deposited in the lower Animas and San Juan Rivers during the plume. 
These deposits were remobilized and delivered to Lake Powell during a monsoonal storm that occurred on 
August 27, 2015, 20 days after the release event. Bed sediment samples confirmed that deposits had been 
removed by the storm.

Snowmelt mobilized the large mass of Gold King release deposits in the Upper Animas River starting in early 
April 2016 when increasing streamflow exceeded the levels observed during the GKM release. During this 
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Figure 1. The total metals mass transported at locations in the Animas and San Juan Rivers during 
the Gold King Mine (GKM) plume, as simulated by the Water Quality Analysis Simulation Program 
(WASP) and empirical analysis of water sample data.

Figure 2. Summary of delivery of Gold King Mine (GKM) released metals mass to Lake Powell (kg) in three events: A) 
Estimated release mass and timing of delivery to Lake Powell; B) Mass of GKM compared to background metals in each 
event.

period, water samples collected throughout the Animas and San Juan Rivers matched the metal composition 
of Gold King deposits transporting 433,000 kg that could be attributed to the GKM release. The sum of 
estimated Gold King Mine release mass delivered to Lake Powell in the three events was 506,000 kg (Fig. 2). 
The cumulative sum was very close to the initial estimate of 490,000 kg released to the Animas River.

Movement of the GKM release mass through the San Juan River in each of the three stages was accompanied 
by significant amounts of sediment that also naturally contain the same metals as the Gold King release, but in 
different mineral form and abundance. The elemental composition of metals in sediment was similar to that of 
the Mancos Shale that produce them. The Gold King release mass delivered to Lake Powell in the three events 
was mixed with 15,000,000 kg of sediment associated metals (Fig. 2B).
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Detecting the Gold King Mine metals as the release plume passed was difficult once it entered the San 
Juan River on August 8, 2015. Plume metals concentrations were relatively low after 200 km of travel and 
deposition in the Animas River while background concentrations of the same metals were high due to high 
sediment load in the San Juan River. A metal fingerprinting technique was used to isolate metals in the Gold 
King release from background using the measured concentrations of the 23 TAL metals (Metal/Cynaide 
Target Analyte List) available with most water samples. The method associates the concentration of trace 
metals to that of aluminum or iron as representative of the dominant metals in the geologic substrate. Metal 
concentrations can be plotted together, as in Figure 1A, or the ratio can be computed for each sample for use 
as a value, such as plotted in time in Figure 1B. The correlation technique allowed maximum use of typically 
available water sample data to isolate Gold King metals as contaminants within the varying background 
concentrations associated with the natural sediments of the San Juan River.

The rationale for the approach was that aluminum and iron are abundant crustal elements and exist in 
relatively-consistent proportions in the rocks, soil, and sediments that weather from them.Because aluminum 
and iron are abundant metals, their concentrations in water should be proportionate to the sediment mass 
and readily measurable. In turn, the trace metals should be present in proportion to aluminum or iron. 
Higher concentrations of all the metals would be expected when sediment loads are higher and samples 
collected over a range of flows should routinely reflect the range of sediment in the water.

Figure 1A provides an example of the correlation ratio of lead to aluminum concentrations in samples 
collected from the San Juan River. Data include historic samples and those collected during and after the 
Gold King release including during several large fall storms. Concentrations vary over 3 orders of magnitude 
and demonstrate a consistent relationship between lead and aluminum. All of the trace metals show a strong 
relationship of this kind, except for selenium. For some metals, such as vanadium, the relationship explains 
up to 95% of the variability among samples in the San Juan River. In addition, the relative abundance of trace 
metals in the Mancos shale explains as much as 80% of the variability of the trace metals in water.

The technique was effective in identifying the GKM release metals within background concentrations 
during the plume and in post-event samples from the San Juan River. For example, the correlation technique 
indicated that some trace metals sampled at the times thought to coincide with passage of the Gold King 
plume were elevated relative to expected given the concentration of aluminum, such as illustrated for lead in 
Figure 1. Metals that were notably elevated in the San Juan River during the Gold King plume included lead 
and to a lesser extent zinc. After the plume passed, ratios fell back into their normal pattern. Other metals 
were comparable to background metals during the GKM plume, and concentrations did not differ from their 
basic concentration relationship. Although metals concentrations were much higher during the fall storms 
(highest values in Figure 1A) there was no indication that lead concentrations were elevated above expected 
after August 10 2015 (Figure 1B) suggesting no GKM influence.
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Figure 1. Examples of comparison of trace metals to aluminum concentration. A) all samples collected from the 
San Juan River identified by time periods relevant to GKM analysis; B) Ratio of lead to aluminum concentrations 
for samples collected from the San Juan River at Four Corners plotted in temporal sequence from the GKM plume 
August to October 2015.

The San Juan River received far more Gold King 
metals mass (433,000 kg) during the 2016 snowmelt 
period than it did during the actual release in 
August 2015 (24,000 kg). The correlation method 
indicated that the concentrations of a many metals 
were elevated above their expected relationships 
during April at all locations in the San Juan River, 
suggesting that GKM deposits were mobile. Metal 
concentrations were low but while relatively 
elevated the mass of metals transported was 
similar to the estimated mass of GKM deposits 
in the Animas River. Relationships returned to 
expected levels for the remainder of the snowmelt 
period.

The relationship of metals concentrations to 
background sediments in the San Juan River and 
the application and utility of the technique for 
isolating metal sources including the Gold King 
release metals in the San Juan River is discussed, 
and the potential for using the technique to 
identify other metals contaminant sources in this 
watershed is explored.

Figure 2. Total water concentration of lead in relation to 
aluminum during and after the Gold King Release in the 
San Juan River at Four Corners, emphasizing samples 
collected during the 2016 snowmelt period.
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Abstract 19 – Both Oral and Poster

The accidental release of 11.3 million liters (~ 3,000,000 gallons) of acidic mine water from the Gold King Mine 
(GKM) in southwestern Colorado on August 5, 2015, created high concentrations of dissolved and particulate 
metals into the Animas River over about a 12-hour period. The release traveled as a coherent plume through 
550 km (342 miles) of the Animas and San Juan Rivers over an 8-day period before ultimately reaching Lake 
Powell, Utah. Extensive monitoring of water and sediments by EPA, States, Tribes and others was augmented 
by water quality modeling to characterize the release.

The release initiated in Cement Creek, a headwater tributary of the Animas River 13km upstream of Silverton, 
CO. Reconstructed metal concentrations from samples collected within the mine after the release suggest that 
the acidic mine effluent (pH 2.9) contained approximately 700 mg/L of dissolved metals dominated by iron, 
aluminum, manganese, copper and zinc with small concentrations of lead, arsenic, and cadmium (virtually 
no mercury). This concentration of metals was significantly augmented as the low pH effluent eroded the 
mine waste pile outside the GKM entrance and reworked sediments as it flowed through Cement Creek. 
By the time the plume reached the Animas River, the peak concentration of total metals was estimated at be 
approximately 41,000 mg/L (excluding major cations Ca, K, Mg, Na), of which 90% was particulate and 10% 
was dissolved. Concentrations of several metals such as lead and arsenic increased dramatically. Lead was the 
signature metal that allowed tracking the release within the naturally occurring concentrations and variability 
of metals within the river system.

The concentrated core of the plume carried most of the metal mass past most locations in approximately a 12 
to 14-hour period that remained remarkably consistent without significant dispersion. Although many water 
samples were collected as the plume traveled over the lengthy distance, the short duration of the plume’s core 
explains why sampling of peak concentrations was so difficult despite intensive monitoring efforts. When 
the acidic plume entered the larger and more alkaline Animas River, both dissolved and colloidal/particulate 
metals concentrations declined rapidly as chemical reactions and hydraulic processes diluted, transformed, 
and deposited material. Metals concentrations were reduced to 13% of original strength by the time the 
plume traveled 5 km through the upper Animas where multiple headwater tributaries converge. Dilution 
reduced concentrations to less than 1% as the plume reached Durango 95 km downstream of the GKM.

When the plume flowed into the more alkaline waters of the Animas River, geochemical reactions were 
triggered that produced a vivid yellow color. Increasing pH triggered formation of iron and aluminum 
oxides and other incipient minerals within the plume that created a mixture of particulate and colloidal 
materials that scavenged dissolved trace metals into their structures and removed them from solution. Data 
from deployed sondes suggests that the interior of the 12-hour core of the plume was like a chemical reactor 
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Figure 1. A) Conceptual drawing of what the Gold King plume was; B) Observed total metals concentrations (excluding 
Ca, K, Mg, Na) and reconstructed plumes in the Animas River.

that was stratified into a series of “fronts.” The front of the plume was characterized by dissolved metals, 
the center by a lower pH interior, and followed by a trail of colloidal/particulate material. This pattern was 
observed through the length of the Animas River, although most of the chemical reactions appeared to be 
completed in the first 125 km of the plume’s travel, after which the acidity was largely exhausted. Dissolved 
metals were at background by 190 km downstream of the GKM.

The particulates and colloids that formed within the GKM plume were deposited throughout the length 
of affected rivers as the plume moved. Only 5% of the GKM plume mass reached the receiving waters of 
Lake Powell during the initial release, with 89% left in the Animas River, and 6% was deposited in the San 
Juan River. Although a large amount of GKM material was deposited in the upper Animas downstream of 
Silverton, the metal deposits were not different in content or significant in mass relative to metals already in 
that river bed which has been impacted by a legacy of mining and ongoing acidic mine contamination for over 
100 years. GKM metal concentrations in the sediments of the lower Animas River in New Mexico (river km 145 
southward) were much lower but more distinguishable since this area has not been as impacted by previous 
mining effects. Metal concentrations declined towards pre-release conditions within hours of the plume 
passing, but a complete return to summer baseline conditions required days to weeks.

States and tribes have adopted water quality criteria that establish concentrations of constituents, including 
metals, that protect designated beneficial uses from harmful effects. Most of the metals in the GKM release 
have criteria for one or more beneficial uses that vary by State and Tribal jurisdictions. Despite the unusual 
metal concentrations, the large number of measured metals and the variety of beneficial use criteria, there 
were relatively few exceedances of water quality criteria as the plume passed. However, criteria for several 
metals were exceeded for a few hours up to the duration of the plume (24 hours). State domestic supply 
and irrigation criteria for lead and manganese were exceeded in the Animas River. Aquatic acute criteria 
for aluminum were exceeded for a few hours in the Animas and San Juan Rivers. Tribal criteria for lead in 
drinking water were exceeded for the duration of the plume in the San Juan River.
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Abstract 20

Catastrophic releases of mining-related waste at three sites in the region over a period of decades led to 
increased awareness of mining contamination and intensified monitoring. All three sites — the Churchrock, 
NM uranium mill (1979), the Terrero Mine near Pecos, NM (1991), and the Gold King Mine near Silverton, CO 
(2015) — had been impacted by decades of mining operations. These catastrophic releases led to long-needed 
corrective actions at each site, but their long-term impacts remain uncertain. Increasing groundwater uranium 
levels in eastern Arizona, for example, are believed to result in part from historical mining discharges in 
Churchrock, some 70 miles upstream. Impacts to public health from the Churchrock spill and decades of 
mine dewatering have not studied. These cases illustrate the need for holistic, long- term, multi-jurisdictional 
monitoring in legacy mining areas, coupled with broad community engagement that addresses local needs 
and involves citizens in monitoring and health research.

The Churchrock uranium mill tailings spill occurred on July 16, 1979, releasing 1,100 tons of solids and 94 
million gallons of acidic (pH = 1.5), saline and radioactive liquid — the largest release of radioactive wastes, 
by volume, in U.S. history. While most of the solid material was contained by an emergency catchment at 
the base of the breach point in the 40-foot-high starter dam, most of the liquid entered the North Fork of the 
Puerco River, flowed through Gallup, New Mexico and into Arizona where evaporation and seepage into the 
stream bed caused the surface flow to cease near Chambers, AZ. After the 

Sheep, goats and cattle sampled along the Puerco River had higher concentrations of isotopic uranium in 
muscle, bone, liver and kidney compared with control animals, a result of drinking mine water from the 
river. Based in part on these findings, the state recommended the Puerco River not be used for human 
consumption, livestock watering, or irrigation. Despite documented human exposure to the spill, mine water 
and mining wastes, no health studies were conducted in the Puerco River Valley during this period. Human 
biomonitoring conducted by state and academic groups between 2003 and 2010 found average urine-uranium 
concentrations were significantly higher in New Mexicans than among people in the rest of the US, and even 
higher for people who lived in the Grants uranium area. Uranium has recently increased to levels greater 
than the drinking water standard in public, school and livestock wells in eastern Arizona.

Early spring rainfall runoff from the Terrero Mine in 1991 caused a massive fish kill in the Pecos River 
and in a hatchery along the river. More than 90,000 trout died at the hatchery, alone. The site had been 
monitored by state and federal agencies, and had a long history of previous fish kills, but the devastating 
1991 event brought increased attention to the unaddressed contamination from the mine and nearby El 
Molino mill. Elevated concentrations of metals were discovered in fish and small mammals. The recreational-
based economy of the Village of Pecos was severely impacted. The mining company and state signed an 
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Administrative Order on Consent (AOC) on December 2, 1992 containing many provisions parallel to the 
Superfund process to be executed under state authority with Federal oversight. Pursuant to the AOC, source 
control and site restoration actions were conducted. No fish kills attributable to the mine have occurred 
since the mid-1990s, contaminant levels in surface water and stream sediment have decreased, and stream 
impairments for several parameters have been lifted. The recreational economy of the Village of Pecos and the 
Upper Pecos River remains intact following cleanup.

The Gold King Mine (GKM) spill occurred on August 5, 2015. More than 3 million gallons of acidic mine 
water containing sediment and heavy metals were released into Cement Creek, which flows into the Animas 
River and then into New Mexico where the river joins the San Juan River before flowing into the Navajo 
Nation and Utah. Surface and groundwater, sediment, benthic macroinvertebrates, fish, agricultural produce, 
livestock and human urine and blood are being tested for heavy metals by one or more federal, state, tribal, 
and local agencies and academic institutions. Differences in the media tested and in test methods used 
by the various jurisdictions reflect differing priorities, standard practices, and availability of funding. The 
watersheds affected by the GKM spill also had received contaminants from natural geologic sources and from 
more than a century of mining and milling activity. While surface water quality rapidly returned to pre-spill 
conditions during low-flow conditions, monsoon events and spring runoff can create turbidity that causes 
untreated river water to contain metals at concentrations greater than drinking water standards. River water 
continues to meet New Mexico standards for irrigation and livestock watering. Test results of agricultural 
produce so far show low to non- detectable concentrations of heavy metals. There is no evidence thus far 
that the GKM spill affected any water supply wells in New Mexico. Fish tissue testing in Colorado and New 
Mexico has not detected elevated metals attributable to the GKM spill. The GKM is within the Bonita Peak 
Mining District, listed as a Superfund site by EPA in 2016.

Holistic, long-term, multi-jurisdictional monitoring in legacy mining areas would lead to identification and 
elimination of conditions that could potentially cause catastrophic contaminant releases, and could guide 
and justify funding for source control and site restoration. Monitoring programs, conducted in collaboration 
with trained community members with broad community acceptance, should include definition of several 
elements, depending on site conditions:

• background contamination;
• river, hyporheic zone and groundwater hydraulics and interactions;

• extent and magnitude of contamination in sediment/soil, ground and surface water, airborne dust 
and the food web, including crops, livestock and wildlife;

• contaminant fate and transport;
• human exposure pathways and biomonitoring; and
• impacts to the cultural and spiritual values of water and other affected media.
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Abstract 21

The accidental release of 3 million gallons of contaminated water into the Animas River on August 5th 2015 
turned national and state attention towards mining sourced metal loading in the Animas and San Juan River 
systems. While extensive sampling was completed during and after the spill to understand the mass, fate, and 
transport of metals released from the Gold King Mine (GKM), little is known about the ongoing and historical 
metal loading from both anthropogenic sources (i.e. Bonita Mining District) and natural sources present in 
the tributaries of the San Juan Watershed. Particle-associated metals have been deposited in Lake Powell since 
its construction in 1963 but no known signatures exist to differentiate metals deposited in sediment sourced 
from mining and natural sources. Because mining contaminated sediments are distributed throughout 
the reach of the San Juan River, distinction of natural versus mining- induced loads can be performed by 
contrasting contaminant loads in mined versus unmined tributaries. The San Juan tributaries for McElmo 
Creek and Chinle Wash represent natural loading of metals from Mancos Shale and Chinle Sandstone 
dominated geology, respectively, whereas the tributaries of the Animas and the San Juan River downstream 
of Farmington, NM, represent mining impacted tributaries. In order to establish baseline signatures, ratios 
of total metal concentration per mass of sediment were calculated from surface water samples collected by 
Environmental Protection Agency (EPA), Utah Division of Environmental Quality (UDEQ), and the New 
Mexico Environmental Department (NMED). These values were converted into loads using discharge data 
from USGS stream gauges. Analysis of results is ongoing. Once elemental ratios are established, isotopic 
signatures (e.g. Pb, U, Sr, and S) will be used to strengthen the fingerprints of the various tributaries. 
Knowledge gained from source identification in the particle bound metals of the San Juan Watershed can 
be used to understand current and historical loading in Lake Powell (cores and sediment traps collected by 
USGS) to aid in management and potential mitigation.
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Abstract 22

With funding from the U.S. EPA, through the New Mexico Environment Department (NMED), the New 
Mexico Bureau of Geology (NMBG) is working to assess potential impacts from the Gold King Mine (GKM) 
spill to the shallow aquifer adjacent to the Animas River in northwestern New Mexico. Initial sampling 
of over 250 domestic and irrigation wells by the NMED and U.S. EPA in August 2015 provides important 
baseline information about geochemical conditions in the shallow groundwater immediately after the GKM 
spill occurred. Since then, as part of a long-term monitoring plan, NMBG researchers have sampled between 
15 and 26 wells at regular time intervals that correlate to flow conditions on the river: base flow (January), 
initial snowmelt input (March), peak snowmelt input (June), and monsoon influenced/ post-irrigation flows 
(October). Water samples were analyzed for major cations (total and dissolved) and anions, trace metals 
(total and dissolved) and stable isotopes of hydrogen and oxygen. Sample locations were chosen to provide 
a relatively uniform coverage between the New Mexico – Colorado border and the confluence of the Animas 
River and the San Juan River near Farmington, NM. Most wells sampled are in close proximity to the river. 
Many wells have been sampled repeatedly so that changes in water chemistry with time can be observed. In 
January 2017, several wells were instrumented with dataloggers that record specific conductance at hourly 
intervals.

Before an assessment of groundwater quality impacts due to the GKM spill can be done, it is necessary to 
have an understanding of the overall hydrogeologic system. Because this reach of the Animas is mostly a 
gaining stream, where groundwater discharges into the river, it unlikely that significant amounts of mining 
related contaminants have entered the shallow aquifer. However, groundwater level monitoring efforts 
by NMBG have identified localized areas where groundwater levels may occasionally be below the stage 
of the river, allowing river water leak into the shallow aquifer. Irrigation in this region is from river water 
distribution through ditches throughout the Animas River valley, and is a mechanism by which intermittently 
(i.e. storm events) contaminated surface water can infiltrate into the aquifer system. In combination with 
water level data, these geochemical data are being used to characterize the shallow groundwater system 
by assessing groundwater flow directions, water/mineral interactions, and groundwater/surface water 
interactions.

Total dissolved solids (TDS) in groundwater ranges from 315 to 2380 mg/L, with calcium as the dominant 
cation in all groundwater samples. Sulfate and bicarbonate are the dominant anions, with slightly higher 
sulfate concentrations observed south of Aztec. Mass and charge balance analyses show that the major 
ion concentrations are primarily controlled by the dissolution of limestone, and gypsum, with some 
cation exchange, which slightly increases sodium to chloride molar ratios. Sulfate concentrations correlate 
significantly with and can be used as a proxy for TDS values. The general chemistry in most wells has not 
changed significantly the last two years of monitoring. In relation to the river, groundwater appears to have 
higher specific conductance values.
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Preliminary results from stable isotopes of oxygen and hydrogen show a clear difference in water sources for 
the river and groundwater during peak snowmelt inputs in June 2016. During this time, water in the river was 
dominantly derived from snowmelt at higher elevations near the head waters in Colorado. The stable isotopic 
composition of this river water plots to the left of the global meteoric water line (GMWL) along an apparent 
evaporation line showing progressive evaporation of winter precipitation in the downstream direction. The 
isotopic compositions of river water during other sampling times cluster closer to the GMWL along with most 
groundwater samples, indicative of mixing of groundwater and river water due to groundwater discharging 
into the river and/or irrigation return flow.

In general, groundwater exhibits very low trace metal concentrations. However, in localized areas north 
of Aztec, where low or reversed gradients between the river and groundwater occur, we found high 
groundwater concentrations of aluminum, iron and manganese, above the secondary MCL values. 
Additional expected data, including environmental tracer concentrations, will help to further characterize the 
hydrogeologic system and groundwater/ surface water interactions so that we can better assess the possible 
groundwater quality impacts from the GKM spill.
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Abstract 25 – Both Oral and Poster

Even two years after the August 2015 Gold King Mine Spill, the question “Is it safe to use the water?” is 
unanswered. The heavy metal contaminated yellow plume of water that flowed into the Animas River is still 
a concern for public health and agricultural practices. Immediately after the spill, most irrigation ditches 
were closed for several weeks and contaminated water was excluded from agricultural fields. However, 
there was disagreement about whether the metals were flushed out of the river or not and if surface water 
contamination may have spread through the watershed. Our goal is to evaluate the potential impact of the 
2015 Gold King Mine Spill discharges and legacy mining/milling wastes on sediment, soil, and crop health. 
To accomplish this goal, the NMSU team is monitoring the presence of heavy metals in irrigation water 
diverted from the Animas River, irrigation ditch sediments and irrigated field soils. This presentation will 
focus on irrigation ditch sediments and agricultural fields.

We are monitoring the total concentration of aluminum, arsenic, calcium, chromium, copper, iron, lead, 
manganese and zinc in 10 different irrigation ditches fed by the Animas River. Collection sites range 
from Twin Rocks, near the Colorado-New Mexico border to Indian Village in Shiprock to represent a 
comprehensive image of agricultural resources and potential impacts. Sediment samples from the dry 
ditches are collected before and after the irrigated growing season, while water samples are collected at three 
different times: before the growing season while energizing the ditches (April); mid-growing season (July); 
and post-growing season (October-November). Soil samples from crop fields were collected before and after 
the growing season.

Soil and sediment metal concentrations are measured in-situ using portable X-Ray fluorescence (PXRF) and 
will be compared to samples digested in acid and analyzed by inductively coupled plasma-optical emission 
spectrometry (ICP-OES) following USEPA methods. The PXRF readings were made under two beams in 
Soil mode and Geochem mode (for aluminum) for 60 seconds. The concentration of metals in soil will be 
compared to the residential screening level (RSL) recommended by USEPA (for example lead RSL is 400 ppm, 
arsenic is 3.5 ppm, etc.).

On examining the concentration of metals in dry irrigation ditches sampled in March 2017, the average value 
of arsenic (4.8 mg/kg), iron (14,382 mg/kg) and manganese (540.2 mg/kg) were higher than the EPA RSL. 
However, copper (24.2 mg/kg), lead (43.4), zinc (176.4) and aluminum (5,758 mg/kg)) are below the RSL 
values. Calcium concentration is in the range of 2,189.5 to 11,219.5 mg/kg and is found as white patches in 
some areas with higher concentrations. The average value of chromium across the region was 44.8 mg/ kg.
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Karletta Chief, Paloma I. Beamer, Elmira Torabzadehkhorasani, Nathan Lothrop, Dean Billheimer, Yoshira 
Ornelas Van Horne, and Jani Ingram 

University of Arizona

Contact: Karletta Chief, University of Arizona, kchief@email.arizona.edu, 520-222-9801

Abstract 26

On August 5, 2015, 3 million gallons of acid mine drainage was accidently released from the Gold King Mine 
spill, eventually reaching the San Juan River – the lifeblood of the Navajo Nation. Many Native American 
communities have subsistence livelihoods and strong cultural practices and spiritual beliefs that are deeply 
connected to the natural environment. As a result, environmental contamination from catastrophic mine 
spills severely impacts indigenous people to the core of their spiritual and physical livelihoods and there 
is potential for unique exposure pathways and greater health risks. Building on established partnerships 
with the Navajo Nation, we collected environmental samples in November 2015, March and June 2016 and 
household samples in August 2016. We also held community focus groups in May and June 2016. In this 
talk, we will present water quality results of water samples collected along the San Juan River on the Navajo 
Nation. The next steps are to complete the analysis of the household samples and report our results back to 
study participants and the community in the Fall of 2017. The results of this investigation will be used in the 
future to develop a community-based intervention, designed to: a) prevent potentially harmful exposures 
based on actual measured risk, and/or b) effectively communicate long-term risks from the Gold King mine.
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Communicating River Data to the Public: the Animas River Community Forum 
Monitoring Gaps Analysis Committee

Ann Oliver 
Animas Watershed Partnership, Durango, CO

Chara Ragland 
Querencia Environmental, Durango, CO

Contact: Ann Oliver, Coordinator, Animas Watershed Partnership, PO Box 1006, Durango, CO 81302, 
annsoliver@gmail.com, 970-903-9361

Abstract 27

In response to the Gold King Mine spill incident, the Animas River Community Forum came together for the 
purpose of promoting communication, coordination and collaborative action; fostering public confidence; 
supporting resiliency in our communities; and enhancing planning, improved public safety and health for the 
future; all while honoring the institutional authorities and decision making of government and community 
organizations. The Forum brings together local county and municipal governments and agencies, local 
conservation organizations and watershed groups, river recreation businesses, economic development and 
environmental health partner, some of which had previously had very little interaction regarding the river.

One of the common interests that the partners identified early on was to conduct an assessment of the gaps 
that exist with regard to river monitoring. In response to this interest, the partners formed a committee 
called the Monitoring Gaps Analysis Team (MGAT). The team began meeting in December 2015 and quickly 
identified their purpose and agreed on a strategy to guide their work. The goal of the committee is to lead 
“a collaborative process to identify and make available timely, useful, accessible information for decision 
makers and the public – to tell accurate stories about our resources and community.” The committee’s data 
objective is to compile baseline information to address questions related to public health, public concerns, and 
ecosystem resilience of the Animas River including tributaries.

To date, the committee has prepared and conducted a survey to identify top concerns of the public. These 
concerns were sought in order to define questions for monitoring that are most pertinent to the people’s 
concerns. Based on this survey the committee hosted a monitoring exchange to identify existing monitoring 
efforts. The Exchange was attended by 18 partners who conduct monitoring within the watershed. The 
committee is currently working to develop an information piece aimed at delivering existing data on nine 
monitoring questions to the public and at fostering conversation and deliberation about the resilience of the 
Animas and its ability to continue to safely support quality of life, economy and natural values.
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Water Quality and Sediment Monitoring of the San Juan River, Three Major 
Tributaries, and Two Irrigation Canals within the Navajo Nation

Stephen A. Austin 
Navajo Nation EPA Water Quality/NPDES Program

Contact: Stephen A. Austin, NNEPA Water Quality/NPDES Program 
P.O. Box 1999, Shiprock, NM 87420; 505-368-1037; nnepawq@frontiernet.net

Abstract 30

The Navajo Nation was conducting ambient water quality monitoring along the San Juan River and its 
tributaries prior to the Gold King Mine spill in August of 2015. Four rounds of monitoring were scheduled 
for the river at five locations between the Hogback in New Mexico and Bluff, Utah, during the summer of 
2015. Additionally, the three major tributaries with access near their mouths were selected to determine how 
they may affect water quality in the San Juan. These were the Chaco and Mancos Rivers in New Mexico and 
McElmo Creek in Utah.

Two rounds of monitoring were completed at each site in July 2015. Immediately after the spill and into 
early October of 2015 we began monitoring five additional sites on the San Juan River and dropped the 
Chaco and Mancos Rivers. We also began monitoring metals in the sediment at each location. After receiving 
supplemental funding from US EPA, we began monitoring water and sediment at fifteen locations in October 
2016. These include the ten San Juan River locations from Farmington, NM, to Mexican Hat, UT; the Chaco 
River, Mancos River, and McElmo Creek; and the Fruitland and Hogback Canals in New Mexico. The goal 
is to complete fifteen rounds at each location by July 2017. Assessment of the results to date with particular 
emphasis on livestock and agricultural uses will be presented. How the tributaries and storm events affect 
San Juan River water quality will also be discussed.
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The Lower Animas Watershed Based Plan: Pollutant sources and opportunities for 
remediation on the Animas in New Mexico

Melissa May 
San Juan Soil & Water Conservation District

Contact: Melissa May, San Juan Soil & Water Conservation District, 1427 W. Aztec Blvd., Ste. 1, Aztec, NM 
87410, melissa.may@sanjuanswcd.com, 505-334-3090 x5

Abstract 4

The Lower Animas Watershed Based Plan (LAWBP) focuses on the segment of the Animas River in New 
Mexico that flows south from the Colorado state line and reaches its southern terminus at the confluence 
with the San Juan River at Farmington, NM. The Lower Animas was listed on the State of New Mexico’s 
impaired waters list in 2002, and since 2010 has exceeded water quality criteria for phosphorus, nutrients/
eutrophication, E. coli bacteria, turbidity, and temperature.

The objective of the LAWBP was to combine water quality trends with land use data and the practical 
experience of local stakeholders to make informed decisions on how best to improve water quality on the 
Animas River. This plan utilizes two new data collection efforts initiated by the San Juan Watershed Group 
in 2013 and 2014: Microbial Source Tracking (MST) and 2014 Lower Animas Targeted Sampling. The MST 
study provided information regarding the sources of bacteria (e.g., human, ruminant, horse, dog, and 
waterfowl) that are most prevalent in the Animas and San Juan Rivers. The Lower Animas Targeted Sampling 
determined the nutrient and E. coli contribution of inflows (e.g., arroyos, tailwater ditches, field drains, and 
return flow from irrigation ditches) along the Animas River during low flow conditions. Data from these two 
new studies indicate the following:

• Measured concentrations and loads of nitrogen, phosphorus, and E. coli in 2014 often exceeded NM 
state water quality criteria, and total maximum daily load targets established for the Animas River, 
which confirms impairment.

• Nutrient and E. coli loads in the Animas River vary seasonally; during summer and fall precipitation 
events that cause an increase in river flow and turbidity, concentrations of nutrients and E. coli become 
elevated. High turbidity was correlated with total phosphorus and total nitrogen. This is likely due to 
stormwater runoff from the adjacent landscape.

• The primary source of nutrient and E. coli loads in the Animas River at low flow cannot be solely ex-
plained by inflows. It is possible that inflows do contribute a higher portion of the nutrient and E. coli 
load during storm events, but this remains an unknown since there is limited data from inflows along 
the lower Animas River during storm events.

• There is a very consistent source of ruminant bacteria in the Animas River (90% of samples positive), 
and a less pervasive but consistent source of human bacteria (60% samples positive).

From these recent datasets, we concluded that management measures should not solely focus on reducing 
pollutant loads from single, discrete inflows, but instead should take a more holistic watershed approach 
by addressing contributions from different land uses during low flow and especially during storm event 
conditions. Therefore, we proposed a menu of projects and outreach efforts that address the pollutant 
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sources, impairments, and threats to watershed health organized based on project types specific to a given 
land use or pollutant source category:

• Septic, sewer, and wastewater management
• Agricultural best management practices (BMPs)
• Upland restoration and rangeland BMPs
• Urban stormwater projects
• Riparian restoration
• Streambank, wetland, and floodplain restoration
• Irrigation infrastructure improvements

For each of these land use or pollutant source categories, we describe management measures, implementation 
strategies, implementation schedule, and possible funding sources. We summarize specific project locations, 
costs, and expected pollutant load reductions. In order to estimate the nutrient and sediment load reduction 
that can be expected from implementing best management practices for specific projects, we utilized an EPA 
model called STEPL (Spreadsheet Tool for Estimating Pollutant Loads). As this plan is updated through 
adaptive management over time, the management measures and implementation strategies should stay 
relatively the same, while specific project areas and costs will be updated as original projects are completed.

The long-term goal of this plan is to restore the Animas River to an unimpaired condition such that it meets 
all of its designated uses. This means that bacteria concentrations are reduced to a point where they don’t 
impact recreation, and nutrient concentrations, functioning capacity, and sediments are improved to where 
they support healthy aquatic life. The effectiveness of this plan will be assessed by interim achievement 
criteria, progress milestones, and continued water quality monitoring.

Link to EPA accepted Watershed Based Plan: https://www.env.nm.gov/swqb/wps/WBP/Accepted/Lower%20
Animas/LowerAnimasWBP_Aug 2016_FINAL.pdf
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Assessing the Correlations Between Automatic Sonde Data and the Total 
Concentration of Metals in the Animas River, Southwestern Colorado and 

Northwestern New Mexico

Katrina M. Bryant 
Geosciences, Fort Lewis College

Contact: Katrina M. Bryant, Geosciences, Fort Lewis College, katrinakdb@yahoo.com, 505-716-6665

Abstract 10

Historically, the water quality of the Animas River has been affected by acid mine drainage caused by 
mining activities near its headwaters in a highly-mineralized zone of the San Juan Mountains. Concern 
regarding water quality was renewed in August 2015, when 3 million gallons of metal laden water spilled 
into the Animas River from the Gold King Mine. In the months that followed, metal concentrations were 
monitored downstream by various agencies via sample collection. Additional instrumentation (sondes) that 
continuously measure pH, turbidity, and specific conductance was installed on the stream gages at Durango 
(USGS 09361500), Cedar Hill (USGS 09363500), and Aztec (USGS 09364010).

Due to the outlay of time and money associated with sampling and the capability of the sondes in providing 
continuous real-time measurements, it was contemplated as to whether the sondes could be used to detect 
when total metal concentrations are high and act as a surrogate when sampling is not feasible To test this 
rationale, the water sample data that had been collected by the various agencies between April 2016 and 
November 2016 was compiled along with the measurements from the sondes and the relations between the 
total concentrations of six metals (aluminum, arsenic, copper, iron, lead, and zinc) and readings from four 
sondes (discharge, pH, turbidity, and specific conductance) were examined.

Broadly speaking, sonde data yields only weak correlations with metal concentrations. Turbidity yielded the 
strongest correlation (e.g. R2 of 0.7 with [Al]). This absence of strong correlations can be partially explained 
by a hysteretic pattern that was observed for total metal concentrations, turbidity, and pH when individual 
flood pulses were isolated and examined. The total concentration of metals and turbidity are commonly 
higher on the rising limb of a flood pulse than at the same discharge on the falling limb. However, this 
pattern reversed downstream for the total concentrations of Cu, As, and Pb as they were higher on the falling 
limb than the rising limb near the Aztec gage. At each site, pH decreases along the rising limb of each flood 
pulse that passes a gage but pH returns to the average range once the pulse passes. pH generally increases 
downstream along the Animas River, accounting for the high total concentrations of Al and Fe in precipitated 
form. Further, it was observed that there is an inverse relationship between specific conductance and 
discharge suggesting that dissolved ions are effectively diluted by increased discharge.

These observations are a start to understanding the potential value and limitations of how the sondes can 
provide real-time monitoring of the metal content in the Animas River.
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Quantitative Analysis of the Heavy Metal Content of Environmental Samples by 
Atomic Emission Spectroscopy

Alexandra A. Dobbs and Callie A. Cole 
Fort Lewis College

Contact: Alexandra A. Dobbs, Fort Lewis College, aadobbs@fortlewis.edu, 970-903-2037

Abstract 11

On August 5th, 2015 an accident at the Gold King Mine near Silverton, CO led to the release of over three 
million gallons of contaminated water into Cement Creek, a tributary of the Animas River. This incident 
brought the issue of acid mine drainage and heavy metal contamination to the forefront of both the 
national and international media. Although various city and non-profit entities have studied heavy metal 
contamination post-incident, few projects have combined analyses of many environmental sample types 
including soils and plants. Analysis of a variety of environmental samples provides a more thorough picture 
of if and how heavy metals are accumulating in the Animas watershed system. This study explores the 
precision and accuracy of the quantitative analysis of several heavy metals in both soil and plant samples 
by acid digestion (EPA method 3050b) and atomic emission analysis (Microwave Plasma Atomic Emission 
Spectroscopy, or MP-AES) using two forms of calibration: external standards and standard addition. This 
method may be applied to samples taken along the Animas River in the future to monitor the quantities of 
heavy metals in various environmental sample types.
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Watershed-Scale Sediment Sampling and Assessment – Lessons from the Field

Diane Agnew 
New Mexico Environment Department, 121 Tijeras Avenue NE, Albuquerque, New Mexico 87102, United 

States

Amy Rosebrough 
University of New Mexico, Environmental Sciences Department, Northrop Hall, 221 Yale Blvd NE, 

Albuquerque, NM 87131

Bruce Yurdin, Dennis McQuillan, and Kristine Pintado 
New Mexico Environment Department, 1190 Saint Francis Drive., Santa Fe, New Mexico 87505, United States

Contact Person: Diane Agnew, New Mexico Environment Department, 121 Tijeras Avenue NE, Albuquerque, 
New Mexico, 87102, diane.agnew@state.nm.us, 505-222-9555

Abstract 12

On August 5, 2015, a United States Environmental Protection Agency (EPA) work crew digging into the 
Gold King Mine (GKM) adit triggered a blow-out, resulting in a continuous discharge of impounded mine 
water. The discharge from the adit during the blow-out contained heavy metal laden sediment and water 
that spilled into Cement Creek, which flows into the Animas River and eventually downstream into New 
Mexico, where the Animas River joins the San Juan River. In response to the 2015 GKM spill, the New Mexico 
Environment Department (NMED) developed a Long-Term Monitoring Plan (LTMP) to evaluate short- and 
long-term impacts to the Animas and San Juan watershed.

River sediment characteristics can be extremely variable, both spatially and temporarily. Additionally, due 
to the ever-changing flow conditions of rivers, particularly during Monsoon season, it can be challenging to 
get a watershed-scale snapshot of sediment nature and extent. Understanding and mapping out the nature 
and extent of contamination from natural geologic sources, historic mining and milling activities in the 
region, along with heavy metal impacts resulting from the August 5, 2015 GKM spill, required a multi-faceted 
sampling event that presented unique logistical challenges. To assess the nature and extent of sediment 
contamination along the Animas and San Juan Rivers, NMED designed a sediment sampling approach to 
collect field measurements with laboratory confirmatory sampling of sediment along the Animas and San 
Juan Rivers, approximately 193 kilometers extending from the confluence of Cement Creek and the Animas 
River in Silverton, Colorado to the San Juan River in Farmington, New Mexico.

An NMED sampling event was scheduled for late-September 2016 during low flow, near baseflow conditions 
to delineate a baseline for sediment and to ensure the highest rate of access to low-energy depositional areas 
for sediment. Following the NMED Sampling and Analysis Plan and Quality Assurance Project Plan (NMED, 
2016), 101 sediment samples were collected along the Animas and San Juan Rivers. This presentation will 
highlight the accomplishments and lessons learned from the NMED sediment assessment September 2016 
sampling event.

REFERENCES:

NMED, 2016. Quality Assurance Project Plan, Gold King Mine Spill Long-Term Monitoring Plan, New Mexico Animas and San Juan River Sediment 
Assessment Sampling and Analysis. September.
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AML Project: Inventory and Characterization of Inactive/Abandoned Mine (AML) 
Features in New Mexico

Virginia T. McLemore 
New Mexico Bureau of Geology and Mineral Resources

Marcus Silva, John Asafo-Akowuah and Joseph Shakelford 
New Mexico Tech

Contact: Virginia T. McLemore, New Mexico Bureau of Geology and Mineral Resources, 
801 Leroy Pl., Socorro, New Mexico 87801, virginia.mclemore@nmt.edu, 575-835-5521

Abstract 13 – Both Oral and Poster

New Mexico’s mineral wealth is among the richest of any state in the U.S. In 2015, New Mexico ranked 10th 
in coal production, 2nd in copper production, and 20th in total nonfuel minerals production (McLemore, 
2017). Most of the state’s production comes from oil, gas, coal, copper, potash, industrial minerals (potash, 
perlite, cement, zeolites, etc.) and aggregates. Other important commodities include molybdenum, gold, 
uranium, and silver. However, legacy issues of past mining activities forms negative public perceptions 
of mining, and inhibits future minerals production in the state. Some legacy mines have the potential to 
contaminate the environment; the Gold King uncontrolled release into the Animas River is a recent example. 
At the time the General Mining Law of 1872 was written, there was no recognition of the environmental 
consequences of discharge of mine and mill wastes or the impact on drinking water, and riparian and aquatic 
habitats. Miners operating on federal lands had little or no requirement for environmental protection until 
the 1960s-1970s, although the dumping of mine wastes and mill tailings directly into rivers was halted by 
an Executive Order in 1935. It is important to recognize that these early miners were not breaking any laws, 
because there were no laws to break, but legacy issues still exist.

The New Mexico Bureau of Geology and Mineral Resources (NMBGMR) has been examining the 
environmental effects of mine waste rock piles and tailings throughout New Mexico since the early 1990s 
(http://geoinfo.nmt.edu/staff/mclemore/projects/environment/home.html). There are tens of thousands of 
inactive or abandoned mine features in 274 mining districts in New Mexico (McLemore, 2017; including 
coal, uranium, metals, and industrial minerals districts), however many of them have not been inventoried 
or prioritized for reclamation. The New Mexico Abandoned Mine Lands (AML) Bureau of the New Mexico 
Mining and Minerals Division (NMMMD) estimates that there are more than 15,000 abandoned mine features 
in the state (http://www.emnrd.state.nm.us/MMD/AML/amlmain.html). The New Mexico AML Program 
has safeguarded over 2,300 mine openings since inception in 1981 in about 250 separate construction projects 
(some of which were focused on coal gob reclamation and not safeguarding). The U.S. Bureau of Land 
Management (BLM) recently estimated that more than 10,000 mine features are on BLM lands in New Mexico 
and only 705 sites have been reclaimed (http://www.blm.gov/wo/st/en/prog/more/ Abandoned_Mine_Lands/
abandoned_mine_site.html).

The NMBGMR has collected published and unpublished data on the districts, mines, deposits, occurrences, 
and mills since it was created in 1927 and is slowly converting historical data into a relational database, the 
New Mexico Mines Database (McLemore et al., 2005a, b). More than 8,000 mines are recorded in the New 
Mexico Mines Database and more than 7,000 are inactive or abandoned. These mines often include two or 
more actual mine features.
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Most of these mine features do not pose any physical or environmental hazard and many more, pose only a 
physical hazard, which is easily but costly to remediate. But a complete inventory of these features is needed. 
Some of these inactive or abandoned mine features can pose serious health, safety and/or environmental 
hazards, such as open shafts and adits (some concealed by deterioration or vegetative growth), tunnels and 
drifts that contain deadly gases, highwalls, encounters with wild animals, radon and metal-laden waters. 
Other sites have the potential to contaminate surface water, groundwater and air quality. Heavy metals in 
mine waste piles, tailings and acid mine drainage can potentially impact water quality and human health.

Many state and federal agencies and mining companies have mitigated many of the physical safety hazards 
by closing some of these mine features, but very few of these reclamation efforts have examined the long-term 
environmental effects. There is still potential for environmental effects long after remediation of the physical 
hazards, as found in several areas in New Mexico (for example Terrero, Jackpile and Questa mines). Some of 
these observations only come from detailed geochemical and electron microprobe studies that are not part of a 
remediation effort.

The NMBGMR in cooperation with the Mineral Engineering Department at New Mexico Tech and the AML 
program is conducting research on legacy mine features in New Mexico. The objective of our research is 
to develop a better procedure to inventory and characterize legacy, inactive or abandoned mine features 
in New Mexico. This project will inventory, characterize, and prioritize for remediation the mine features 
in three mining districts in New Mexico: the Jicarilla Mountains district in Lincoln County and the North 
Magdalena and Rosedale districts in Socorro County for the New Mexico AML Program. Additional mining 
districts in Socorro County are being examined as well. The project involves field examination of the mines 
features and collecting data on the mine features (Bureau of Land Management, 2014). Samples are collected 
to determine total whole rock geochemistry, mineralogical, physical, and engineering properties, acid-base 
accounting, hydrologic conditions, particle size analyses, soil classification, shear strength testing for stability 
analysis, and prioritization for remediation, including hazard ranking. Not only will samples be collected for 
geochemical and geotechnical characterization, but the mine features will be mapped, evaluated for future 
mineral-resource potential, and evaluated for slope stability.

REFERENCES

Bureau of Land Management, 2014, Abandoned Mine Land Inventory Study for BLM-Managed Lands in California, Nevada, and Utah: Site and Fea-
ture Analysis. Department of the Interior, Bureau of Land Management, National Operations Center, Denver, CO., 24 p., http://www.blm.gov/
pgdata/etc/medialib/blm/wo/blm_library/BLM_pubs.Par.79469.File.dat/ BL M-AML-Inventory-CA-NV-UT_Nov2014.pdf

McLemore, V.T., 2017, Mining districts and prospect areas of New Mexico: New Mexico Bureau of Geology and Mineral Resources, Resource Map 24, 
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An Overview of the Gold King Mine Release and its Transport and Fate in the 
Animas and San Juan Rivers

K. Sullivan, M. Cyterski, C. Knightes, J. Washington, S. Kraemer, L. Prieto 
National Exposure Research Laboratory, U.S. Environmental Protection Agency, Athens, GA

Brian Avant 
Oak Ridge Institute for Science and Education

Contact: K. Sullivan, National Exposure Research Laboratory, U.S. Environmental Protection Agency, Athens, 
GA, sullivan.kate@epa.gov, 706-355-8100

Abstract 17 – Both Oral and Poster

On August 5, 2015, a large acidic mine pool trapped behind a collapsed mine structure and rock debris in 
the Gold King Mine (GKM) was accidently breached releasing approximately 11.3 million liters (3 million 
gallons) of low pH (~3) metal contaminated mine drainage into a small tributary in the headwaters of the 
Animas River in southwestern Colorado. The release introduced approximately 490,000 kg of dissolved and 
particulate metals over a 12-hour period into the Animas River at Silverton, CO, located 13 km downstream 
from the mine. The mine effluent contained 2,900 kg of dissolved metals. Most of the released metals were 
eroded from the old waste pile outside the mine entrance and within Cement Creek by the rushing water. The 
release introduced large quantities of particulate aluminum, iron, manganese, lead, copper, arsenic and zinc 
to the Animas River, of which 15,000 kg was in dissolved form.

The release traveled as a coherent plume of metals through 550 kilometers (342 miles) of the Animas and 
San Juan Rivers over an 8- day period before ultimately reaching Lake Powell in Utah. As part of emergency 
response measures, EPA, States, Tribes and non- governmental organizations initiated extensive monitoring 
of water and sediments, collecting over 1,400 water quality and 800 sediment samples the rivers from August 
2015 to November 2016. These data were extensively analyzed and augmented with modeling to quantify the 
source, transport, and fate of metals released from the Gold King Mine. Metal mass estimates were based on 
empirical reconstruction of water samples and flow measured at USGS gages, supported by a process-based 
water quality model (Water Quality Analysis Simulation Program --WASP) that simulated the contaminant 
transport as the plume flowed through the rivers.

When the acidic plume entered the larger and more alkaline Animas River at Silverton, CO, both dissolved 
and colloidal/particulate metals concentrations declined rapidly, as chemical reactions and hydraulic 
processes diluted, transformed and deposited material. Only 5% of the metal mass released from Gold King 
Mine arrived at Lake Powell with the plume. Most of the entrained particulates and the iron and aluminum 
oxides that formed within the plume were deposited in the river bed and along channel margins, primiarly 
in the upper reaches of the Animas River between Silverton (16.4 km from source) and Durango, Colorado 
(100 km) (Figure 1). This material remained in place until it was mobilized during snowmelt in 2016. Another 
6% of the release mass (49,000 kg) was deposited in the lower Animas and San Juan Rivers during the plume. 
These deposits were remobilized and delivered to Lake Powell during a monsoonal storm that occurred on 
August 27, 2015, 20 days after the release event. Bed sediment samples confirmed that deposits had been 
removed by the storm.

Snowmelt mobilized the large mass of Gold King release deposits in the Upper Animas River starting in early 
April 2016 when increasing streamflow exceeded the levels observed during the GKM release. During this 
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Figure 1. The total metals mass transported at locations in the Animas and San Juan Rivers during 
the Gold King Mine (GKM) plume, as simulated by the Water Quality Analysis Simulation Program 
(WASP) and empirical analysis of water sample data.

Figure 2. Summary of delivery of Gold King Mine (GKM) released metals mass to Lake Powell (kg) in three events: A) 
Estimated release mass and timing of delivery to Lake Powell; B) Mass of GKM compared to background metals in each 
event.

period, water samples collected throughout the Animas and San Juan Rivers matched the metal composition 
of Gold King deposits transporting 433,000 kg that could be attributed to the GKM release. The sum of 
estimated Gold King Mine release mass delivered to Lake Powell in the three events was 506,000 kg (Fig. 2). 
The cumulative sum was very close to the initial estimate of 490,000 kg released to the Animas River.

Movement of the GKM release mass through the San Juan River in each of the three stages was accompanied 
by significant amounts of sediment that also naturally contain the same metals as the Gold King release, but in 
different mineral form and abundance. The elemental composition of metals in sediment was similar to that of 
the Mancos Shale that produce them. The Gold King release mass delivered to Lake Powell in the three events 
was mixed with 15,000,000 kg of sediment associated metals (Fig. 2B).
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Illustration of a Fingerprinting Method to Isolate Gold King Release Metals from 
Background Concentrations in the San Juan River
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U.S. Environmental Protection Agency, Office of Research and Development, Athens, GA.

Contact: K. Sullivan, National Exposure Research Laboratory, U.S. Environmental Protection Agency, Athens, 
GA, sullivan.kate@epa.gov, 706-355-8100

Abstract 18 – Both Oral and Poster

Detecting the Gold King Mine metals as the release plume passed was difficult once it entered the San 
Juan River on August 8, 2015. Plume metals concentrations were relatively low after 200 km of travel and 
deposition in the Animas River while background concentrations of the same metals were high due to high 
sediment load in the San Juan River. A metal fingerprinting technique was used to isolate metals in the Gold 
King release from background using the measured concentrations of the 23 TAL metals (Metal/Cynaide 
Target Analyte List) available with most water samples. The method associates the concentration of trace 
metals to that of aluminum or iron as representative of the dominant metals in the geologic substrate. Metal 
concentrations can be plotted together, as in Figure 1A, or the ratio can be computed for each sample for use 
as a value, such as plotted in time in Figure 1B. The correlation technique allowed maximum use of typically 
available water sample data to isolate Gold King metals as contaminants within the varying background 
concentrations associated with the natural sediments of the San Juan River.

The rationale for the approach was that aluminum and iron are abundant crustal elements and exist in 
relatively-consistent proportions in the rocks, soil, and sediments that weather from them.Because aluminum 
and iron are abundant metals, their concentrations in water should be proportionate to the sediment mass 
and readily measurable. In turn, the trace metals should be present in proportion to aluminum or iron. 
Higher concentrations of all the metals would be expected when sediment loads are higher and samples 
collected over a range of flows should routinely reflect the range of sediment in the water.

Figure 1A provides an example of the correlation ratio of lead to aluminum concentrations in samples 
collected from the San Juan River. Data include historic samples and those collected during and after the 
Gold King release including during several large fall storms. Concentrations vary over 3 orders of magnitude 
and demonstrate a consistent relationship between lead and aluminum. All of the trace metals show a strong 
relationship of this kind, except for selenium. For some metals, such as vanadium, the relationship explains 
up to 95% of the variability among samples in the San Juan River. In addition, the relative abundance of trace 
metals in the Mancos shale explains as much as 80% of the variability of the trace metals in water.

The technique was effective in identifying the GKM release metals within background concentrations 
during the plume and in post-event samples from the San Juan River. For example, the correlation technique 
indicated that some trace metals sampled at the times thought to coincide with passage of the Gold King 
plume were elevated relative to expected given the concentration of aluminum, such as illustrated for lead in 
Figure 1. Metals that were notably elevated in the San Juan River during the Gold King plume included lead 
and to a lesser extent zinc. After the plume passed, ratios fell back into their normal pattern. Other metals 
were comparable to background metals during the GKM plume, and concentrations did not differ from their 
basic concentration relationship. Although metals concentrations were much higher during the fall storms 
(highest values in Figure 1A) there was no indication that lead concentrations were elevated above expected 
after August 10 2015 (Figure 1B) suggesting no GKM influence.
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Figure 1. Examples of comparison of trace metals to aluminum concentration. A) all samples collected from the 
San Juan River identified by time periods relevant to GKM analysis; B) Ratio of lead to aluminum concentrations 
for samples collected from the San Juan River at Four Corners plotted in temporal sequence from the GKM plume 
August to October 2015.

The San Juan River received far more Gold King 
metals mass (433,000 kg) during the 2016 snowmelt 
period than it did during the actual release in 
August 2015 (24,000 kg). The correlation method 
indicated that the concentrations of a many metals 
were elevated above their expected relationships 
during April at all locations in the San Juan River, 
suggesting that GKM deposits were mobile. Metal 
concentrations were low but while relatively 
elevated the mass of metals transported was 
similar to the estimated mass of GKM deposits 
in the Animas River. Relationships returned to 
expected levels for the remainder of the snowmelt 
period.

The relationship of metals concentrations to 
background sediments in the San Juan River and 
the application and utility of the technique for 
isolating metal sources including the Gold King 
release metals in the San Juan River is discussed, 
and the potential for using the technique to 
identify other metals contaminant sources in this 
watershed is explored.

Figure 2. Total water concentration of lead in relation to 
aluminum during and after the Gold King Release in the 
San Juan River at Four Corners, emphasizing samples 
collected during the 2016 snowmelt period.



2017 Poster Abstracts186

2016 - 2018 Conference Compendium Proceedings

Characteristics of Metals Concentrations in the Animas and San Juan Rivers 
During Passage of the Gold King Mine Release Plume

K. Sullivan, M. Cyterski, C. Knightes, J. Washington, S. Kraemer, L. Prieto 
U.S. Environmental Protection Agency, Office of Research and Development, Athens GA

Brian Avant 
Oak Ridge Institute for Science and Education

Contact: K. Sullivan, National Exposure Research Laboratory, U.S. Environmental Protection Agency, Athens, 
GA, sullivan.kate@epa.gov, 706-355-8100

Abstract 19 – Both Oral and Poster

The accidental release of 11.3 million liters (~ 3,000,000 gallons) of acidic mine water from the Gold King Mine 
(GKM) in southwestern Colorado on August 5, 2015, created high concentrations of dissolved and particulate 
metals into the Animas River over about a 12-hour period. The release traveled as a coherent plume through 
550 km (342 miles) of the Animas and San Juan Rivers over an 8-day period before ultimately reaching Lake 
Powell, Utah. Extensive monitoring of water and sediments by EPA, States, Tribes and others was augmented 
by water quality modeling to characterize the release.

The release initiated in Cement Creek, a headwater tributary of the Animas River 13km upstream of Silverton, 
CO. Reconstructed metal concentrations from samples collected within the mine after the release suggest that 
the acidic mine effluent (pH 2.9) contained approximately 700 mg/L of dissolved metals dominated by iron, 
aluminum, manganese, copper and zinc with small concentrations of lead, arsenic, and cadmium (virtually 
no mercury). This concentration of metals was significantly augmented as the low pH effluent eroded the 
mine waste pile outside the GKM entrance and reworked sediments as it flowed through Cement Creek. 
By the time the plume reached the Animas River, the peak concentration of total metals was estimated at be 
approximately 41,000 mg/L (excluding major cations Ca, K, Mg, Na), of which 90% was particulate and 10% 
was dissolved. Concentrations of several metals such as lead and arsenic increased dramatically. Lead was the 
signature metal that allowed tracking the release within the naturally occurring concentrations and variability 
of metals within the river system.

The concentrated core of the plume carried most of the metal mass past most locations in approximately a 12 
to 14-hour period that remained remarkably consistent without significant dispersion. Although many water 
samples were collected as the plume traveled over the lengthy distance, the short duration of the plume’s core 
explains why sampling of peak concentrations was so difficult despite intensive monitoring efforts. When 
the acidic plume entered the larger and more alkaline Animas River, both dissolved and colloidal/particulate 
metals concentrations declined rapidly as chemical reactions and hydraulic processes diluted, transformed, 
and deposited material. Metals concentrations were reduced to 13% of original strength by the time the 
plume traveled 5 km through the upper Animas where multiple headwater tributaries converge. Dilution 
reduced concentrations to less than 1% as the plume reached Durango 95 km downstream of the GKM.

When the plume flowed into the more alkaline waters of the Animas River, geochemical reactions were 
triggered that produced a vivid yellow color. Increasing pH triggered formation of iron and aluminum 
oxides and other incipient minerals within the plume that created a mixture of particulate and colloidal 
materials that scavenged dissolved trace metals into their structures and removed them from solution. Data 
from deployed sondes suggests that the interior of the 12-hour core of the plume was like a chemical reactor 
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Figure 1. A) Conceptual drawing of what the Gold King plume was; B) Observed total metals concentrations (excluding 
Ca, K, Mg, Na) and reconstructed plumes in the Animas River.

that was stratified into a series of “fronts.” The front of the plume was characterized by dissolved metals, 
the center by a lower pH interior, and followed by a trail of colloidal/particulate material. This pattern was 
observed through the length of the Animas River, although most of the chemical reactions appeared to be 
completed in the first 125 km of the plume’s travel, after which the acidity was largely exhausted. Dissolved 
metals were at background by 190 km downstream of the GKM.

The particulates and colloids that formed within the GKM plume were deposited throughout the length 
of affected rivers as the plume moved. Only 5% of the GKM plume mass reached the receiving waters of 
Lake Powell during the initial release, with 89% left in the Animas River, and 6% was deposited in the San 
Juan River. Although a large amount of GKM material was deposited in the upper Animas downstream of 
Silverton, the metal deposits were not different in content or significant in mass relative to metals already in 
that river bed which has been impacted by a legacy of mining and ongoing acidic mine contamination for over 
100 years. GKM metal concentrations in the sediments of the lower Animas River in New Mexico (river km 145 
southward) were much lower but more distinguishable since this area has not been as impacted by previous 
mining effects. Metal concentrations declined towards pre-release conditions within hours of the plume 
passing, but a complete return to summer baseline conditions required days to weeks.

States and tribes have adopted water quality criteria that establish concentrations of constituents, including 
metals, that protect designated beneficial uses from harmful effects. Most of the metals in the GKM release 
have criteria for one or more beneficial uses that vary by State and Tribal jurisdictions. Despite the unusual 
metal concentrations, the large number of measured metals and the variety of beneficial use criteria, there 
were relatively few exceedances of water quality criteria as the plume passed. However, criteria for several 
metals were exceeded for a few hours up to the duration of the plume (24 hours). State domestic supply 
and irrigation criteria for lead and manganese were exceeded in the Animas River. Aquatic acute criteria 
for aluminum were exceeded for a few hours in the Animas and San Juan Rivers. Tribal criteria for lead in 
drinking water were exceeded for the duration of the plume in the San Juan River.
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Continued Monitoring of the Agricultural Fields Along the Animas 
After the Gold King Mine Spill

Brandon Francis, Gaurav Jha, April Ulery, and Kevin Lombard 
New Mexico State University

David Weindorf 
Texas Tech University

Contact: Brandon Francis, New Mexico State University, Ag Science Center at Farmington, NM, bfrancis@
nmsu.edu, 970-403-4517

Abstract 23

Purpose of research/big picture significance:

A research team comprised of members from the New Mexico State University Agricultural Science Center 
(NMSU-ASC) at Farmington, NM and Texas Tech University (TTU; Lubbock, TX) organized in response to 
the August 5, 2015 Gold King Mine Spill of 2015 to rapidly assess potential heavy metal contamination in the 
Animas river agricultural environment using portable

X-Ray Florescence Spectroscopy (pXRF). This assessment was started on September 1st and concluded on 
September 3rd. Over three days approximately 300 field samples were taken and recorded with the pXRF. 
Data was analyzed and modeled for dissemination to the affected communities along the Animas River Valley 
and San Juan River Valley in New Mexico, so these communities could make future decisions regarding their 
agricultural practices. The communities were advised that preliminary results showed that the lead levels 
released during the event did not exceed Environmental Protection Agency (EPA) agricultural loading limits 
in New Mexico. In March of 2017, the team began the first year of a three-year study to extensively map 
three agricultural field sites representative of alfalfa, forage grass, and vegetable crops irrigated with Animas 
River Water with the objective of monitoring legacy mining impacts and to restore consumer confidence in 
agricultural products produced in New Mexico.

Main research questions:

Have heavy metals released from the Gold King Mine Spill and legacy mining impacted downstream the 
agricultural fields irrigated along the San Juan County, New Mexico portion of the Animas River? In the 
year and half since the event, has water affected the soil through the accumulation of heavy metals and will 
it continue to accumulate over the course of the study? In which parts of the field at each of the sites do the 
metals in question appear to accumulate and is there an evident spatial and temporal trend? Do the levels 
present pose a risk based on EPA standards to the farming practices of the growers along the Animas River?

Methods/how was the study done:

The fields monitored were sampled in the 2015 rapid assessment study using the pXRF. Six agricultural fields 
were chosen for long term monitoring beginning March 20176. Five sites are near the Colorado/New Mexico 
border and one site is located near Farmington, NM. Consent forms were given to land owners for permission 
to participate in the study. These sites were then mapped using ArcGIS software and sample waypoints 
randomly chosen using the same software to avoid selection bias. The waypoints were then loaded into a 
Global Positioning System (GPS) device. For each field, depending on acerage, the waypoints varied from 



2017 Environmental Conditions of the Animas and San Juan Watersheds Conf.

Environmental Conditions of the Animas and San Juan Watersheds

189

75 to 100 pXRF sample points/field. At every 10th sample waypoint, soil was auger collected for laboratory 
analysis of trace metals and soil nutrient status using Inductively Coupled Plasma Optical Emission 
Spectrometry (ICP-OES). The same fields will be resampled with the pXRF mid-way through the growing 
season (e.g. July) and again at the end of the growing season in October. Monitoring will be repeated for three 
years to gauge the change over a growing season and subsequent years. The nutrient data will be returned 
to the growers to inform them of their soil fertility needs. Spatial and temporal variability maps will be made 
using ArcGIS software to show how the different heavy elements are concentrated in each field.

Preliminary results:

Preliminary results generally show that trace metals tend to be located in the higher portions of the fields 
where the irrigation is being applied first. In pivot irrigated fields, the trend seems to indicate that the trace 
metals are more present in the part of the field where the elevation is lower relative to the rest of the field. 
Heavy metal contaminants are in concentrations below the EPA standards required for agriculture (e.g. < 400 
ppm for lead). The levels of all the elements detected by the pXRF during the initial study are also within the 
limits.

Synthesis/take home message:

Despite the presence of heavy metals in the fields, the levels sampled do not warrant an immediate threat 
based on initial results. Agricultural operations can proceed but further monitoring is needed to substantiate 
the findings of the preliminary field results over a longer period of time.
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Metal Concentrations in Soil and Sediments after Gold King Mine Spill

Gaurav Jha, April Ulery, Kevin Lombard, Brandon Francis, Barbara Hunter, Hunter Winsor 
New Mexico State University

Contact: Gaurav Jha, New Mexico State University - PES, gjha@nmsu.edu, gjha@nmsu.edu, 505-960-7757

Abstract 25 – Both Oral and Poster

Even two years after the August 2015 Gold King Mine Spill, the question “Is it safe to use the water?” is 
unanswered. The heavy metal contaminated yellow plume of water that flowed into the Animas River is 
still a concern for public health and agricultural practices. Immediately after the spill, most irrigation ditches 
were closed for several weeks and contaminated water was excluded from agricultural fields. However, 
there was disagreement about whether the metals were flushed out of the river or not and if surface water 
contamination may have spread through the watershed. Our goal is to evaluate the potential impact of the 
2015 Gold King Mine Spill discharges and legacy mining/milling wastes on sediment, soil, and crop health. 
To accomplish this goal, the NMSU team is monitoring the presence of heavy metals in irrigation water 
diverted from the Animas River, irrigation ditch sediments and irrigated field soils. This presentation will 
focus on irrigation ditch sediments and agricultural fields.

We are monitoring the total concentration of aluminum, arsenic, calcium, chromium, copper, iron, lead, 
manganese and zinc in 10 different irrigation ditches fed by the Animas River. Collection sites range 
from Twin Rocks, near the Colorado-New Mexico border to Indian Village in Shiprock to represent a 
comprehensive image of agricultural resources and potential impacts. Sediment samples from the dry 
ditches are collected before and after the irrigated growing season, while water samples are collected at three 
different times: before the growing season while energizing the ditches (April); mid-growing season (July); 
and post-growing season (October-November). Soil samples from crop fields were collected before and after 
the growing season.

Soil and sediment metal concentrations are measured in-situ using portable X-Ray fluorescence (PXRF) and 
will be compared to samples digested in acid and analyzed by inductively coupled plasma-optical emission 
spectrometry (ICP-OES) following USEPA methods. The PXRF readings were made under two beams in 
Soil mode and Geochem mode (for aluminum) for 60 seconds. The concentration of metals in soil will be 
compared to the residential screening level (RSL) recommended by USEPA (for example lead RSL is 400 ppm, 
arsenic is 3.5 ppm, etc.).

On examining the concentration of metals in dry irrigation ditches sampled in March 2017, the average value 
of arsenic (4.8 mg/kg), iron (14,382 mg/kg) and manganese (540.2 mg/kg) were higher than the EPA RSL. 
However, copper (24.2 mg/kg), lead (43.4), zinc (176.4) and aluminum (5,758 mg/kg)) are below the RSL 
values. Calcium concentration is in the range of 2,189.5 to 11,219.5 mg/kg and is found as white patches in 
some areas with higher concentrations. The average value of chromium across the region was 44.8 mg/ kg.
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Monitoring and Assessing Surface Coal Mining in Drylands Using Medium 
Spatial Resolution Satellite Imagery

Robert Sabie, Jr. 
New Mexico Water Resources Research Institute

Michaela Buenemann 
New Mexico State University

Contact: Robert Sabie, Jr., New Mexico Water Resources Research Institute, rpsabie@nmsu.edu, 575-646-5026

Abstract 28

In the United States, coal is used to produce nearly a quarter of the commercial energy. In the U.S. Southwest, 
most of this coal is extracted using Surface Coal Mining (SCM) techniques, which has several environmental 
impacts. To minimize post-mining environmental impacts, the Surface Mining Control and Reclamation Act 
(SMCRA) requires that mine operators reclaim mine lands upon completion of mining operations. Monitoring 
is necessary to evaluate both compliance with SMCRA and the relative success of reclamation efforts. Remote 
sensing can be a useful tool in this context, providing spatially explicit perspectives through time and 
across space. However, while remote sensing has been used successfully for monitoring SCM reclamation 
in humid lands for several decades, it is unclear how effective it is for that purpose in drylands like the 
U.S. Southwest, even though some of the largest disturbances from coal mining occur in these regions. The 
objective of this research was to address this problem by using remote sensing to monitor spatio-temporal 
landscape changes and estimate vegetation cover at the La Plata surface coal mine of New Mexico. To meet 
this objective, three major tasks were performed: 1) supervised classification of pre-mine, mine, and post-
mine remediation land cover using Landsat TM and OLI imagery and Maximum Likelihood Classification 
and Support Vector Machine approaches; 2) land cover change detection using post-classification comparison; 
and 3) characterization of vegetation cover using the common vegetation indices Difference Vegetation 
Index, Simple Ratio, Normalized Difference Vegetation Index, and Modified Soil Adjusted Vegetation Index. 
The results suggest that the methods used in this study are useful for capturing major land cover changes 
(e.g., shrubland to exposed rock or exposed rock to grassland) in dryland mining environments but not for 
capturing subtler ones (e.g., shrubland to grassland). Vegetation indices show statistical relationships with 
vegetation cover and might be useful for locating areas that need additional reclamation efforts, however, 
they are not effective at quantifying vegetation cover at a level that is useful for determining whether areas 
have met reclamation success standards.
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Geostrophic Winds and Related Hydro - Climate Representations  
Including the Lower Rocky Mountains

Michael Wallace 
The University of New Mexico

Contact: Michael Wallace, Graduate Student, Nanoscience and Microsystems, University of New Mexico, 
mwa@abeqas.com, 505-401-3785

Abstract 29

The European Reanalysis of satellite data (ERAI)[1] for integrations of key parameters across the entire 
100 km thickness of the Earth’s atmosphere lend themselves to improved automatic representations of 
key climate parameters including polar vortexes, jet streams, droughts, the so called Hot Tower, and the 
Intertropical Convergence Zone (ITCZ). Such full atmospheric thickness data coverages as geopotential height 
(Z), Evaporation minus Precipitation (EP), and Temperature (T), can be examined for both confirmation of 
past weather and climate events and related to ongoing work by this author in regression based forecasting of 
moisture and temperature in the Southern Rocky Mountains.

The poster profiles various aspects and mappings of re-averaged ERAI data along with some comparisons 
with other related parameters, including solar cycles, the AMO, and the PDO.

[1] http://www.ecmwf.int/en/research/climate-reanalysis/era-interim
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Quasi Steady State Sediment Transport and Unsteady Flow Water Quality 
Modeling in the Animas River

Paulina Lima 
PhD student in the Civil Engineer, The University of New Mexico 

Contact: Paulina Lima, University of New Mexico, paulinalima@unm.edu

Abstract 31

The simulation of sediment transport and its interaction with iron concentration after the 2015 Gold King 
Mine waste water spill on August 5th in the Animas River gives insights into the hydrodynamics of the river 
and the chemical interactions downstream of Silverton. The objectives of this study are to understand the 
sediment transport in the Animas River and to analyze the iron concentrations from August 4th to September 
5th, 2015. A one-dimensional unsteady flow of water quality modelling of iron concentration and quasi-
steady sediment transport model using the Hydraulic Engineering Center River Analysis System (HEC-RAS) 
Version 5.0.3 helps to address the objectives. This software explicitly couples the flow calculations in the cross 
sections with mobile bed modelling or water quality analysis using common data in the representation of the 
geometry. The results of this simulation expose that most of the mass bed change in the river was upstream 
from the stations located between 125 (Tall Silver Resort) and 172 Km (Silverton) from August 5th to 16th as 
a result of the larger amount of discharge during this period compared to August 17th to September 5th and 
the large slope in this part of the river. Although the simulation points out that advection-dispersion processes 
influenced along the river from Silverton to Cedar Hill stations only during 2 days after the spill, the dilution 
effects downstream of iron concentration were still predominant 13 days later.
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Contaminant Element Cycling Through Aquatic Biota Following  
the Gold King Mine Spill

Benjamin D. Duval 
Department of Biology, NM Institute of Mining and Technology  

benjamin.duval@nmt.edu
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Department of Earth and Environmental Science, NM Institute of Mining and Technology 

daniel.cadol@nmt.edu

Contact: Daniel D. Cadol, Department of Earth and Environmental Science, NM Institute of Mining and 
Technology, Socorro, New Mexico 87801, daniel.cadol@nmt.edu

Abstract 32

Understanding the fate of contaminant elements following the Gold King Mine spill is of considerable 
interest for human health and for fisheries management. However, physio-chemical differences across the 
suite of elements released from the spill, and the history of mining-related chemical perturbations in the 
affected rivers, precludes a single expectation of aquatic biota response to increased contaminant levels. Data 
from NM Game and Fish suggest that contaminant levels have remained higher in spill-affected parts of the 
Animas River, evidenced by metal concentrations in Ephemeroptera and two species of sucker relative to 
non-affected populations of those animals in the San Juan River. An open question is whether internal cycling 
of contaminants occurs, and if these elements persist in the system longer than would be expected from a 
pulse event. Do contaminated waters facilitate metal uptake by plants, resulting in sediments with metals 
bound to organic matter, which can then be consumed by detritivorous invertebrates that in turn are eaten 
by fish? Are contaminants accumulated or lost during any of these processes? Alternative hypotheses are that 
contaminant concentrations in higher trophic levels are a consequence of life in a contaminated environment, 
or related to idiosyncrasies in contaminant uptake and exclusion from biotic tissues, i.e., not related to who 
is eating whom. We take a systems approach to measure contaminant elements in pools that are likely to 
interact: sediment/soils, plants, aquatic invertebrates and fish. Work is underway to quantify contaminant 
pools via ICP-MS from spill affected and non-affected reaches of the Animas and San Juan Rivers in northern 
New Mexico. Carbon and nitrogen stable isotope values for the same samples will also be determined. These 
coupled data sets across the breadth of aquatic biotic communities will help resolve whether food quality and 
trophic position can predict contaminant element movement through these spill-affected food webs.
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Morning Session

8:30 am Welcoming Remarks 
  Paul Montoia,	Conference	Planning	Committee	Member,	City	of	Farmington
  Nate Duckett, Farmington Mayor  

8:45  Citizens	Superfund	Working	Group	update
  Shannon Manfredi,	Animas	River	Community	Forum
  Ty Churchwell, Trout Unlimited
  Ann Oliver,	Animas	Watershed	Partnership

9:05   Communication	of	environmental	risks	to	the	public	(Abstract	6) 
  Dennis McQuillan,	New	Mexico	Environment	Department

9:30   Rapid	and	in-situ	analysis	of	metal	concentrations	in	agricultural	fields	in	San	Juan	County 
																							using	portable	X-ray	fluorescence	(PXRF)	(Abstract	13) 
  Gaurav Jha,	New	Mexico	State	University 

9:55   Mineralogy	and	chemistry	of	mine	waste	rock	piles	in	mining	districts	in	southern 
																							Colorado	and	New	Mexico	(Abstract	10)
  Virginia T. McLemore,	New	Mexico	Bureau	of	Geology	and	Mineral	Resources/NM	Tech  
 
10:25 am Break
  
10:45   Post	Gold	King	Mine	release	water	quality	in	the	Animas	and	San	Juan	rivers	during	spring 
																							snowmelt	updated	with	2017	water	sampling	(Abstract	5) 
  Kathleen Sullivan and M.	Cyterski,	U.S.	Environmental	Protection	Agency,	Athens,	GA

11:10  Geochemistry	of	the	Animas	River	alluvial	aquifer	after	the	Gold	King	Mine	spill,	San	Juan 
																							County,	New	Mexico	(Abstract	11)
  Talon Newton,	New	Mexico	Bureau	of	Geology	and	Mineral	Resources/NM	Tech

11:35  Surface	water	geochemistry	during	monsoon	generated	flow	events	in	the	Animas 
																							and	San	Juan	rivers,	2016-2017	(Abstract	27)
  Jeb E. Brown,	U.S.	Geological	Survey	and Julie Korak,	Bureau	of	Reclamation

12:00 pm Buffet Luncheon
  Congressional Statements via Video
  Senator Tom Udall
  Senator Martin Heinrich
  Representative Michelle Lujan Grisham
  Representative Ben Ray Lujan
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Afternoon Session

1:30 pm Groundwater	level	monitoring	along	the	Animas	River,	New	Mexico,	after	the	Gold	King 
																							Mine	2015	mine-water	release	(Abstract	19)
  Ethan Mamer,	New	Mexico	Bureau	of	Geology	and	Mineral	Resources/NM	Tech

1:55   Morphology	and	chemistry	of	reservoir	sediments	in	the	City	of	Aztec,	drinking-water 
																							reservoir	#1	(Abstract	2)
  Johanna M. Blake and Jeb E. Brown,	U.S.	Geological	Survey

2:20   Examining	the	rights-of-way	process	for	Indian	allotment	lands	Navajo-Gallup	Water	Supply 
																							Project	(Abstract	4)
  Bernadette Fontenelle,	New	Mexico	Office	of	the	State	Engineer

2:45   Differentiating	mining	and	natural-sourced	contaminants	in	the	tributaries	of	the	San	Juan 
																							River,	USA	(Abstract	23) 
  Logan Frederick,	University	of	Utah

3:10   Poster	Flash	Talks

4:00   Poster	Session/Reception

5:00  Adjourn

Thursday, June 21, 2018

Morning Session

9:00 am The	San	Juan	Watershed	Group:	Using	ESRI’s	story	maps	as	a	tool	for	communicating	water 
																							quality	data	(Abstract	25)
  Jaclynn Fallon, San Juan Watershed Group

9:25  Revisiting	eutrophication	data	from	the	Animas	River	–	what	happens	to	stream	algae	during 
																						“Critical	Low	Flows”?	(Abstract	7)
  Melissa May,	San	Juan	Soil	&	Water	Conservation	District

9:50  Driving	factors	in	benthic	macroinvertebrate	community	composition	within	the	Animas	River
	 	 (Abstract	8)
  Alexandra Ratcliff,	Southern	Ute	Indian	Tribe,	Water	Quality	Program

10:15  Demonstrating	BMP	effectiveness	with	microbial	source	tracking	&	host	fecal	score	(Abstract	9)
  Mauricio Larenas,	Source	Molecular	Corporation

10:40 am Break

11:00  Metal	contaminants	in	the	Animas	and	San	Juan	Watershed	(Abstract	14)
  Gaurav Jha,	New	Mexico	State	University
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11:25  Bonita	Peak	Mining	District	2016	benthic	macroinvertebrate	assessment	(Abstract	1)
  Scott Roberts,	Mountain	Studies	Institute

11:50  Soil-microbial	feedbacks	to	decomposition	differences	between	native	and	invasive	shrub 
																							species	in	an	Animas	River	riparian	zone	(Abstract	17)
  Benjamin Duval, NM Tech

12:15 pm Buffet Luncheon
  Flint	drinking	water	contamination:	Lessons	for	New	Mexico
  Cliff Villa,	University	of	New	Mexico	School	of	Law

Afternoon Session

1:30 pm  The	biological	response	to	the	Gold	King	Mine	release	in	the	Animas	and	San	Juan	rivers 
																							(Abstract	18)
  Lareina Guenzel, Richard Mitchell, and Kate Sullivan,	U.S.	Environmental	Protection	Agency

1:55  The	holy	corn	pollen	path	and	the	Gold	King	Mine	spill	(Abstract	15)
  Brandon Francis,	New	Mexico	State	University
  
2:20 pm Adjourn

Friday, June 22, 2018 Post-conference Field Trip

9:00 am – 1:00 pm
Community Teach-In 
Navajo	Shiprock	Chapter	House

Conference Planning Committee

Johanna Blake,	U.S.	Geological	Survey
Robert Cook,	U.S.	Environmental	Protection	Agency
Sam Fernald, NM WRRI
Fernando Herrera, NM WRRI
Forrest John,	U.S.	Environmental	Protection	Agency
Trais Kliphuis,	NM	Office	of	Natural	Resources	Trustee
Michaelene Kyrala,	NM	Environment	Department
Kevin Lombard, NMSU, Farmington
Melissa May,	San	Juan	Soil	&	Water	Conservation	District

Virginia McLemore, NMBG&MR
Dennis McQuillan,	NM	Environment	Department
Paul Montoia, City of Farmington
Catherine Ortega Klett, NM WRRI
Cynthia Peterson,	U.S.	EPA
Kristine Pintado,	NM	Environment	Department
Jesslyn Ratliff, NM WRRI
Stacy Timmons, NMBG&MR
Butch Tongate,	NM	Environment	Department
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Bonita Peak Mining District 2016 Benthic Macroinvertebrate Assessment

Scott Roberts 
Mountain Studies Institute 
Scott@mountainstudies.org

Abstract 1

The Bonita Peak Mining District (BPMD) was designated by the Environmental Protection Agency (EPA) as 
a Superfund site on the National Priorities List in 2016. The EPA identified 48 distinct contaminant sources 
related to mining activities that warrant further investigation. The 48 sources are scattered throughout the 
Upper Animas River and tributaries in San Juan County, Colorado. BPMD is located in a highly-mineralized 
zone of the San Juan Mountains where high metal concentrations from natural and mine-related sources have 
contributed to a long history of degraded water quality in the Upper Animas River and tributaries. Numerous 
studies have documented the impacts to benthic macroinvertebrates (BMI) from metal contamination in this 
region, particularly for the Animas River and its tributaries, but the last spatially comprehensive evaluation 
of BMI distribution in the Upper Animas watershed was conducted in the mid-1990s by Anderson (2007a). 
While this historical information is valuable, an updated evaluation was warranted, given that remediation 
projects that have been completed in the watershed during the past 20 years. Furthermore, several of the 
contaminant sources identified by the EPA for inclusion in the Superfund site are located in subwatersheds 
where benthic communities were not surveyed by Anderson in the mid-1990s.

For this research, we conducted surveys throughout the Upper Animas River and Mineral Creek watersheds 
across a gradient of metal exposure to BMI through water and sediment to accomplish the following 
objectives: 1) Provide a spatially comprehensive evaluation of the current condition of BMI communities 
throughout BPMD; 2) Document metal concentrations of BMI tissue, which are reflective of overall metal 
bioavailability; 3) Characterize the physical habitat for aquatic life at surveyed sites; and 4) Examine what 
environmental factors are most responsible for differences in benthic communities across BPMD.

Data from our 2016 surveys suggest the following conclusions:

• BMI communities within BPMD vary from reach to reach, ranging from sparsely populated sites with 
substantial metal contamination to sites with abundant, diverse communities that reflect minimal 
exposure to metal contamination.

• The most robust, diverse benthic communities were observed at sites located on tributaries (Cunning-
ham Creek, Maggie Gulch, Picayne Gulch, Bear Creek, and Mill Creek), on the South Fork of Mineral 
Creek, and on the uppermost reaches of the South and North Forks of the Animas River. We observed 
the lowest benthic diversity and abundance in two general areas: 1) at sites on Mineral Creek from the 
Middle Fork of Mineral Creek to the Animas River; 2) on the South Fork of the Animas River immedi-
ately upstream of the confluence with Eureka Gulch; and 3) at sites near Animas Forks and throughout 
the West Fork of the Animas River.

• In some locations, healthy BMI communities sharply decline in diversity and abundance over a rela-
tively short distance.

• Several sites that currently do not have an aquatic life use designation had benthic communities that, 
based on Multi-metric index (MMI) (CDPHE 2010b) scores, would be in attainment of a class two 
aquatic life use designation. Many sites in BPMD have benthic communities that would not meet an 
aquatic life use designation.

2018 Oral Abstracts
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• We found a gradient of sensitivity among the three metal-sensitive BMI families that directly corre-
sponds with increases in several metals and minerals in BMI tissue, pore water, and surface water. The 
loss or addition of each of the three metal-sensitive families over time could be a valuable indicator for 
assessing the successfulness of remediation efforts.

• We used statistical correlation and non-metric multi-dimensional scaling ordination (NMS) to examine 
the correlations between environmental factors and benthic communities in BPMD. There was broad 
agreement between the two methods that surface water and pore water metal and mineral concentra-
tions more strongly influenced BMI communities than other environmental parameters. There was a 
weaker relationship between BMI communities and concentrations of metals and minerals in sediment.

• Multiple lines of evidence, including statistical correlation, NMS, and hazard quotients, suggest that 
surface water concentrations of Al, Cd, Cu, and Zn likely shape the distribution and community com-
position of BMI populations across BPMD. Further research, such as experimental bioassays, could 
confirm if these and other metals that correlated with BMI metrics have a direct causative effect on BMI 
communities.

Long-term monitoring of benthic communities has been demonstrated as an effective tool for detecting 
improvements in water quality and the health of aquatic life following mining-related remediation efforts 
(Clements et al. 2010). To assess the success of remediation efforts in BPMD, we recommend an annual, 
long-term monitoring program that targets a subset of the 2016 sites across a gradient of metal exposure. 
BMI monitoring programs that are long-term, and ideally occur on an annual frequency, are more effective at 
isolating the direct effects of anthropogenic activities from natural variability of communities. Sites selected 
for continued monitoring should be located in close downstream proximity to remedial actions. In addition, 
we recommend that Animas River sites downstream of Silverton be included in a long-term monitoring 
plan to determine if remediation efforts translate to down-canyon improvement in the health of aquatic life. 
Monitoring assessment should focus on BMI metrics that most strongly correlated with metal exposure, 
which include total richness, density, EPT, MMI, and the richness of metal sensitive families.
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Morphology and chemistry of reservoir sediments in the City of Aztec,  
Drinking‐Water Reservoir #1

Johanna M. Blake 
U.S. Geological Survey jmtblake@usgs.gov

Jeb E. Brown 
U.S. Geological Survey jebbrown@usgs.gov

Abstract 2

Trace elements, including metals and metalloids, adsorbed to or precipitated on suspended sediments 
deposited in water supply reservoirs are a potential source of contamination to communities that depend on 
stored water for agricultural and public supply. Metals such as lead and aluminum are present in both the 
water and suspended sediments of the Animas River upstream of the diversion for the Aztec Ditch, which 
supplies the City of Aztec Drinking-Water Reservoir #1. The reservoir has accumulated sediments since the 
1940s. There is a need to understand historical metals deposition associated with reservoir sediments and to 
evaluate the potential mobility of metals from the sediments. Concern about the presence and concentration 
of legacy metals followed the Gold King Mine release in 2015. Knowledge acquired regarding legacy metals 
and metal mobility in reservoir sediments will help in understanding: 1) metals contamination to the Animas 
River and San Juan River watersheds over time; 2) potential impacts to treatment processes; and 3) treatment 
and source-water protection options. The main objectives of this study are to identify constituents of concern 
in the reservoir sediment, evaluate the concentrations of those constituents over time (with depth in the 
reservoir), and determine the potential effects on drinking water treatment.
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Examining the Rights‐of‐Way Process for Indian Allotment Lands Navajo‐Gallup 
Water Supply Project

Bernadette Fontenelle 
NM Office of the State Engineer, District IV bernadette.fontenelle@state.nm.us

Abstract 4

This research examines the Rights-of-Way process for Navajo allotment lands. Today, there are 566 Indian 
nations. Each nation has its own history relating to Indian allotment lands. In the 1880s, allotment lands 
were created through federal Indian policy as tribal trust lands were allotted to individual Indian tribal 
members of various nations. This research examines a real example of the Rights-of-Way process for Navajo 
allotment lands as it relates to the Navajo- Gallup Water Supply Project. Land access for allotment lands is 
questionable. Water access for the Water Supply Project secured and supplied through the recent Navajo 
Nation San Juan River Water Rights Settlement. The water pipeline alignment will cross six types of land. 
Each type has its own Rights-of-Way process. This research will examine the current Rights-of-Way process 
for Navajo allotment lands. This research applied three methods to identify the current Rights-of-Way process 
for allotment lands. A document review for existing federal and tribal policy for allotment lands finds that the 
Navajo Nation does not have authority over allotment lands. The U.S. Bureau of Indian Affairs has authority 
over allotment lands. For Navajo allotment lands, the Rights-of-Way process is initiated by the U.S. Bureau of 
Reclamation for the Water Supply Project. The Bureau of Indian Affairs will approve or disapprove Rights-of- 
Way easement. The results show the current Rights-of-Way process for Navajo allotment land is quite general. 
After examination, the research identifies areas of improvement for the current the Rights-of-Way process. 
This research provides recommendations to improve and update the current Rights-of-Way process starting 
with a better framework to understand the Rights- of-Way process for Navajo allotment lands.



2018 Environmental Conditions of the Animas and San Juan Watersheds Conf.    

Environmental Conditions of the Animas and San Juan Watersheds

207

Post Gold King Mine Release Water Quality in the Animas and San Juan River 
During Spring Snowmelt Updated with 2017 Water Sampling

K. Sullivan and M. Cyterski 
National Exposure Research Laboratory, U.S. Environmental Protection Agency, Athens, GA.

Email: sullivan.kate@epa.gov (corresponding author)

Abstract 5 – Both Oral and Poster

An accidental breach of the Gold King Mine on August 5, 2015 released approximately 500,000 kg (455 tons) 
of particulate and dissolved metals into the Animas River at Silverton, Colorado. The released mass flowed 
through the Animas and San Juan Rivers as a slurry of acidic water with high concentrations of particulate 
and dissolved metals that declined rapidly as the plume travelled due to dilution, geochemical reactions, and 
deposition. Ninety-five percent of the GKM release mass was deposited in the rivers in the form of iron and 
aluminum oxides. The mineral deposits were later re-entrained and moved to the receiving waters in Lake 
Powell, UT in timesteps that varied by location. The metals left behind in the lower Animas and San Juan 
Rivers amounted to 10% of the initial release and were remobilized within 3 weeks of the initial event. The 
mass deposited in the upper Animas River between Silverton and Durango, CO comprised 85% of the initial 
release and remained in place for 8 months until it was washed through the rivers during snowmelt runoff 
the following spring. Based on extensive post-event monitoring, EPA concluded that all the GKM released 
metals were delivered to Lake Powell by the time the 2016 snowmelt season ended (USEPA 2016; Sullivan et 
al. 2017). EPA monitored water quality during snowmelt in 2017 to further evaluate that hypothesis.

Our assessment used several approaches to characterize and pinpoint GKM-related metals within the typical 
seasonal patterns of metals transport and the historic effects of mining-related contamination in the rivers. 
Metal concentrations before and after the GKM event were compared, depending on the availability of data. 
Reclamation efforts in the mining impacted segment of the Animas from Silverton to Durango have generated 
an extensive database for comparison, while pre-GKM data is relatively sparse in the lower Animas and San 
Juan Rivers. Accounting for the GKM mass was accomplished with sampled metal concentrations and flow 
data available at well distributed USGS gages. A simple “finger printing” technique using the relationships 
among metals available in most water and sediment samples was very effective for identifying the Gold King 
release within the background concentrations normally transported by the rivers.

Snowmelt sampling in 2016 found that most of the GKM metals were mobilized and transported episodically 
from April through June (U.S. EPA 2016). Increased metals concentrations were pronounced in the upper 
Animas River where most of the release had been deposited.

Elsewhere, the fingerprinting technique could detect GKM release metals as they passed through the rivers 
even though concentrations were quite low and within state water quality criteria. The excess metals mass 
attributed to the GKM release that was delivered to Lake Powell during 2016 snowmelt was in reasonable 
agreement with the estimated deposition within the river.

However, careful comparison to historic data indicated that an additional ~ 110,000 kg of particulate material 
that had apparently deposited in Cement Creek during the initial release was remobilized during peak 
runoff, bringing the total GKM release to the Animas River to ~ 600,000 kg (550 tons). This release value was 
consistent with the previously reported estimated delivery to Lake Powell in 2016 (U.S. EPA 2016).

Metals concentrations during 2017 snowmelt were well within their typical ranges observed prior to the GKM 
release at all locations within the Animas and San Juan Rivers. There were no lingering GKM release effects 
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detectable in concentrations or with the fingerprinting technique. Within the 20-year record available in the 
upper Animas, the total and dissolved concentrations of many metals during snowmelt reached historic lows 
in 2017, especially copper and zinc that have been shown to impact aquatic communities within this segment 
(Figure 1). Lower concentrations were only partially accounted for by the removal of metals at the treatment 
plant installed by EPA in Cement Creek after the GKM release.

Figure 1. Record of total copper and zinc concentrations in the Animas River at Durango from 2000 to 2017. Data was 
composited from samples collected by Colorado River Watch, Colorado Department of Public Health and Environment, 
and U.S. EPA Region 8. The GKM release and Fall 2015 data are not included in these figures to emphasize the movement of 
metals during 2016 snowmelt from March 1 to June 30. (See U.S. EPA 2016 for release event concentrations)

References

U.S. EPA. 2016 Analysis of the Transport and fate of metals released from the Gold King Mine in the Animas and San Juan Rivers (Final Report). 
U.S. Environmental Protections Agency, Washington. D.C. EPA/600/R-16/296. Available at: https://www.epa.gov/goldkingmine/fate-transport-
analysis.

Sullivan, K., M. Cyterski, C. Knightes, J. Washington, S. Kraemer, L. Prieto, B. Avant. 2017. An overview of the Gold King Mine Release and its 
transport and fate in the Animas and San Juan Rivers. Abstract. Presented at the New Mexico Water Institute 2nd Annual Gold King Mine Re-
lease Workshop. Held June 18-22, Farmington, NM.
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Communication of Environmental Risks to the Public

Dennis McQuillan, Allison Majure and Bruce Yurdin 
New Mexico Environment Department, PO Box 5469, Santa Fe, NM 87502-5469 

Dennis.Mcquillan@state.nm.us, Allison.Majure@state.nm.us, Bruce.Yurdin@state.nm.us

Abstract 6

Complex sites involving multiple contaminants, exposure pathways and receptors pose challenges in 
communicating risks to the public. For each contaminant, there can be numerical standards and guidelines 
for different media including groundwater, surface water, drinking water, sediment, air, and the tissue of 
crops, livestock, fish, game animals, and wildlife. Within each media, there may be different standards and 
guidelines for different exposure pathways, exposure durations, receptors, and jurisdictions. With regard to 
lead, alone, at least 18 standards and guidelines exist for various media.

Maintaining scientific accuracy while creating public trust in the authoritativeness of dynamic information 
and competing safety thresholds was the challenge for both emergency response and long-term protection of 
the affected citizenry following the August 5, 2015 Gold King Mine (GKM) Spill. In New Mexico, downstream 
from the release of millions of gallons of GKM wastewater, residential riverfront and near-river populations 
were substantially greater than in other jurisdictions. The demographic varied widely ranging from homeless 
riverfront campers, Diné and other farmers, working-class homeowners, to wealthy vacation-home owners. 
Risk-based soil screening levels based on potential recreational exposures were administered in jurisdictions 
upstream from New Mexico. These recreational safety thresholds, however, were deemed to be insufficiently 
protective for residential areas in New Mexico and created controversy among competing jurisdictions.
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An “Exposure and Risk Dashboard” is used to inform New Mexico residents of the Animas and San Juan 
Watersheds of various contaminant exposure pathways and relative risks. The Dashboard addresses potential 
exposure pathways involving public drinking water supplies, private domestic wells, water hauling, use of 
river water for domestic supply, irrigation and livestock watering, livestock, crop and fish tissue, sediment, 
and recreational activities. For each pathway, a green, yellow and red color system denotes “safe’, “use 
caution” and “unsafe” risk levels, respectively. The holistic Dashboard also addresses contaminants and risks 
from pre-existing conditions and sources other than mining and milling sites, including pathogens, nitrate, 
and polychlorinated biphenyls (PCBs) in surface water, sediment, and/or fish tissue.

The use of untreated river water for domestic supply, known to occur in the region for example, is identified 
as an unsafe practice.

Animas and San Juan Rivers, Exposure and Risk Dashboard for Water‐Supply Pathways
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Revisiting eutrophication data from the Animas River – What happens to stream 
algae during “Critical Low Flows”?

Melissa May 
San Juan Soil & Water Conservation District  

melissa.may@sanjuanswcd.com

Abstract 7

Eutrophication is the over-fertilization of a water body, leading to disruptions in algae populations which 
can cause depletions of dissolved oxygen, changes to aquatic substrate and habitat, and aesthetic nuisances. 
Numerous sampling efforts have attempted to characterize and assess nutrient loads in the Animas River and 
infer their effects on the growth of benthic stream algae and macrophyte communities, known as periphyton.

This presentation will review data collection efforts from 2002 to present, which include ambient nutrients 
(phosphorus and nitrogen), periphyton analysis (chlorophyll-a and nitrogen isotopes), dissolved oxygen, and 
pH.

Stream algae is generally considered to be at “nuisance” levels when areal biomass exceeds 10 ug/cm2 
chlorophyll-a (chl-A). A 2006 synoptic study on the Animas River found nuisance levels on several reaches of 
the Lower Animas: mean chl-A between Cedar Hill and Aztec was 12.46 ug/cm2, 130.96 ug/cm2 between Aztec 
and Flora Vista (an order of magnitude higher than the nuisance benchmark), and 39.03 ug/cm2 between 
Flora Vista and Farmington. The flows in the river during that study were between 200 and 400 cfs. As flows 
decline, less algae is scoured from the rocks and biomass has the potential to build up – a high probability for 
2018.

While there have been few follow-up studies that measured algal biomass, photographs can provide a proxy 
to estimate whether nuisance levels have been reached (examples from 2002, 2012, 2018). Daily fluctuations 
in dissolved oxygen (DO) and pH can also give insight into the photosynthetic metabolism of periphyton 
communities and whether they are affecting the water column. Continuous pH data is now available at 
several USGS gages on the Animas River.

The Animas River from Farmington to Aztec (Estes 
Arroyo) is subject to a total maximum daily load 
(TMDL) for nutrients, and the Animas from Estes 
Arroyo north to the SUIT boundary/CO state line has 
a TMDL for total phosphorus. TMDLs are designed 
to limit pollutant inputs to a water body to protect 
the system in the event it reaches a “critical low flow” 
condition. At higher flows, pollutants may be diluted to 
an extent where they do not actually cause observable 
negative effects, but if the same pollutant loads enter 
the river when its dilution capacity is diminished, the 
conditions will be ripe for negative consequences.

This presentation will discuss the TMDL development 
process, as well as the subsequent high intensity 
nutrient sampling in 2014 which revealed that TMDLs 

Filamentous algae in the Animas River at Riverside 
Park in Aztec, at 16cfs flow. April 18, 2018
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are often exceeded by one or two orders of magnitude. With so much variation in water column nutrient 
concentrations and loads, what outcome is most likely during actual periods of critical low flow?

Nutrient dynamics in freshwater systems are complicated, and many tradeoffs must be considered when 
attempting to conduct sampling that will give an accurate representation of a given water body. Limitation 
by one primary nutrient or another, flow, light, gradient, and temperature can all affect the response that 
periphyton communities will have to nutrient enrichment. In turn, the periphyton communities themselves 
can also influence the concentrations of nutrients measureable in the ambient water. Presenter will discuss 
evidence of these complexities in the record of nutrient data on the Animas in both CO and NM, and discuss 
implications for future sampling efforts.
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Driving Factors in Benthic Macroinvertebrate Community Composition within 
the Animas River

Alexandra Ratcliff 
M.S., Southern Ute Indian Tribe Water Quality Program  

aratcliff@southernute-nsn.gov

Abstract 8

Nearly three years ago, the Gold King Mine (GKM) spill occurred near Silverton, Colorado. Approximately 
three million gallons of mine drainage was released ultimately ending up in the Animas River. While 
temporary impacts to water quality were observed as the plume passed through the Southern Ute Indian 
Reservation, no evidence suggests elevated metal concentrations have created chronic impacts to aquatic 
life. To better understand how to protect the environmental conditions of the Animas Watershed in the 
future, a working knowledge of the past and present conditions is needed. Benthic macroinvertebrate 
(BMI) data, a commonly used indicator of water quality, and surface water samples, collected pre (2014) 
and post (2015-2017) GKM spill were used for analysis to investigate potential issues to water quality. 
Surface water samples included a suite of 33 total and dissolved analytes, and 5 nutrient criteria. Analysis 
indicated total iron and dissolved selenium are statistically significant (p-value <0.05) driving factors of 
community composition. These data also revealed that following the spill and clean-up responses, nutrient 
concentrations, specifically total phosphorus, is a statistically significant driving factor of compositional 
change in BMI communities. This study found a significant difference in community composition in pre 
and post sampling locations. More investigation is needed to understand what is causing these differences. 
However, shifting focus from a metals concentrations approach to include significant impacts nutrients could 
have to BMI composition in the Animas watershed, will yield a more comprehensive understanding of the 
environmental conditions driving these changes.
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Demonstrating BMP Effectiveness With Microbial Source 
Tracking & Host Fecal Score

Dr. Yiping Cao 
Vice-President of Technology of Source Molecular Corporation  

ycao@sourcemolecular.com

Mauricio Larenas 
Chief Executive Officer of Source Molecular Corporation

Abstract 9

Traditionally, fecal indicator bacteria (FIB) are used to monitor the presence of fecal matter in environmental 
waters. FIB, generally not pathogens themselves, are intended as a surrogate for pathogens that originate from 
human fecal matter. However, FIB can come from a lot of sources - humans, animals, plants, soil and biofilm. 
This makes FIB an unreliable surrogate and an ineffective tool to assess fecal contamination in areas where 
multiple sources exist.

Stakeholders in the Animas and San Juan watersheds routinely measure, among others, E.coli concentrations 
in the rivers. Because it is difficult to implement mitigation measures without knowing exactly where the 
bacteria came from, microbial source tracking (MST) has been used to identify sources of contamination. 
While best management practices (BMPs) are used to target the identified sources of contamination for 
mitigation, their effectiveness are often improperly assessed via FIB because FIB are not specific to any source.

MST markers, being specific to their targeted fecal sources, can specifically demonstrate if a particular source 
(e.g. human fecal source or cow fecal source) has been mitigated by the BMP even if FIB levels show little 
change. Additionally, a site human fecal score (HFS) has been developed by a team of researchers, from 
the U.S. Environmental Protection Agency, Southern California Coastal Water Research Project (SCCWRP), 
and Stanford University, to objectively assess the extent of human fecal contamination at a site using a 
standardized mathematically defined approach.

The HFS is a single number that statistically integrates all human fecal marker data (quantifiable, detected 
but not quantifiable, and non-detect - as all data, even non-detects, contain valuable information) from all 
samples at a given site. This gives a simple and intuitive way to assess and communicate BMP effectiveness 
by providing a score before and after BMP implementation. This approach can also be applied to other fecal 
host sources, e.g. a cow fecal score if a cow fecal MST marker is used in place of the human fecal MST marker.

The use of these advanced technologies therefore can provide effective evaluation of BMP performance, and 
inform selection and implementation of BMP to obtain highest benefit of protecting public health with lowest 
cost of BMP implementation.
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Mineralogy and Chemistry of Mine Waste Rock Piles in Mining Districts  
in Southern Colorado and New Mexico

Virginia T. McLemore1 and Marcus Silva2

1New Mexico Bureau of Geology and Mineral Resources, New Mexico Institute of Mining and Technology, 
Socorro, NM 87801, virginia.mclemore@nmt.edu

2Department of Mineral Engineering, New Mexico Institute of Mining and Technology, Socorro, NM 87801

Abstract 10 – Both Oral and Poster

Legacy issues of past mining activities forms negative public perceptions of mining, and inhibits future 
minerals production in the state. There are tens of thousands of inactive or abandoned mine features in 
mining districts in New Mexico and southern Colorado (including coal, uranium, metals, and industrial 
minerals districts), however many of them have not been inventoried or prioritized for reclamation. 
Abandoned mine lands (AML) are areas that were mined and left unreclaimed where no individual or 
company has reclamation responsibility (also called inactive, legacy, and orphaned mines). These may consist 
of excavations that have been deserted and where further mining is not intended. Most of these mine features 
do not pose any physical or environmental hazard and many more, pose only a physical hazard, which is 
easy, but costly to remediate. A complete inventory and characterization of these features is needed.

Some of these sites have the potential to contaminate surface water, groundwater and air quality. Heavy 
metals in mine waste piles, tailings and acid mine drainage can potentially impact water quality and human 
health. State and federal agencies and mining companies have mitigated many of the physical safety hazards 
by closing some of these mine features, but very few of these reclamation efforts have examined the long-term 
environmental effects. There is still potential for environmental effects long after remediation of the physical 
hazards, as found in several areas in New Mexico (for example Terrero, Jackpile, and Questa mines).

The NMBGMR in cooperation with the Mineral Engineering Department at New Mexico Tech, EPSCoR, 
and the NMAML program is conducting research on legacy mine features in New Mexico and southern 
Colorado. The project involves field examination and data collection of the mine features. Samples are 
collected to determine total whole rock geochemistry, mineralogical, physical, and engineering properties, 
acid-base accounting (Fig. 1), hydrologic conditions, particle size analyses, soil classification, shear strength 
testing for stability analysis, and prioritization for remediation, including hazard ranking. Not only are 
samples collected for geochemical and geotechnical characterization, but the mine features are being mapped, 
evaluated for future mineral-resource potential, and evaluated for slope stability.

Some waste rock piles and tailings could be potential resources for critical minerals and other commodities 
needed for U.S. technologies. Potential mineral recovery from mine wastes has the potential not only to 
support cleanup efforts financially, but to remove metals that could be part of the environmental and public 
safety hazard. Some of the critical minerals identified recently by the U.S. Department of the Interior are 
found in some of the existing mining districts and legacy mines. Most of the waste rock piles surrounding the 
mine features are suitable for backfill material in areas of remediation.
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Figure 1. Acid Rock Drainage (ARD) plot of waste rock pile at mines examined during the NMBGMR AML project. 
The results for the waste rock piles from the Little Davie, Lucky Don, Chupadera, and Jeter uranium mines (Socorro 
County), St. Anthony uranium mine (Cibola County), Jicarilla gold mines (Lincoln County) and Silverton gold-
silver mines (Colorado) are shown for comparison (unpublished work in progress). Results of these mines will be 
published in future reports. Samples that plot in the uncertain and potential acid forming fields are not suitable for 
backfill material and need to be handled with care during reclamation.
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Geochemistry of the Animas River Alluvial Aquifer after the Gold King  
Mine Spill, San Juan County, New Mexico

B. Talon Newton1, Ethan Mamer1, Stacy Timmons1

1Bureau of Geology and Mineral Resources,  
801 Leroy Place, NM, 87801, United States, talon.newton@nmt.edu

Abstract 11

On August 5, 2015 the accidental breech of the Gold King Mine (GKM), located in Colorado, resulted in the 
movement of millions of gallons of bright orange water through the Animas River in northwestern New 
Mexico. This water, which was loaded with dissolved metals and contaminated sediments, posed a potential 
risk to groundwater quality in the Animas Valley. The Animas River from the Colorado-New Mexico border 
flows through Quaternary alluvial deposits, which are largely made up of sediment eroded from Paleogene 
rocks into which the Animas River has incised. While most water for domestic use and irrigation in the area 
is largely sourced from the Animas River, there are many private domestic and irrigation wells in the valley 
completed in the alluvial aquifer with depths of about 30 to 60 feet.

We collected water samples from up to 26 wells within and near the Animas Valley between the NM-CO 
border and Farmington, NM several times between January 2016 and June 2017. The objectives of this study 
were to characterize the hydrogeologic system, investigate groundwater/surface water interactions, and 
assess the possible impacts of the GKM spill to shallow groundwater.

General water chemistry, stable isotope and environmental tracer data, and modeling of two- endmember 
mixing indicate that shallow groundwater is primarily comprised of young river water and older regional 
groundwater from the underlying Nacimiento Formation. The river water end-member is characterized 
by total dissolved solids (TDS) concentrations less than 500 mg/L, a calcium bicarbonate water type, and 
tritium values above 5 tritium units. The regional groundwater end-member is characterized by much higher 
TDS concentrations close to 10,000 mg/L, a sodium sulfate water type, undetectable tritium content, and an 
apparent carbon-14 age of approximately 20,000 years before present. The upwelling of regional groundwater 
due to the gradual thinning of the Nacimiento Formation to the south, significantly affects water quality by 
increasing the TDS content to above 1,000 mg/L in some areas south of Aztec.

The main process that may potentially introduce contaminants from upstream mines into the shallow 
groundwater is the seepage of irrigation water (diverted river water) through the bottoms of ditches and 
agricultural fields to recharge the aquifer. Potential groundwater contaminants associated with the GKM spill, 
which include iron, aluminum, manganese, lead, copper, arsenic, zinc, cadmium, and mercury, were found 
to be below U.S. Environmental Protection Agency (USEPA) maximum contaminant levels (MCLs). Several 
wells in the shallow aquifer produced water that exceeds USEPA secondary MCLs for dissolved iron and 
manganese.

It is difficult to determine the source of these trace metals, which were observed to be present in the shallow 
groundwater before the GKM spill. While the GKM spill exhibited high iron and manganese concentrations, 
these metals are also known to be ubiquitous in fluvial sediments, such as those that make up the alluvial 
aquifer. Therefore, results from this study do not suggest that the groundwater quality has necessarily been 
impacted by the GKM spill. However, continued monitoring of groundwater quality is recommended.
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Rapid and in-situ analysis of metal concentrations in agricultural fields in  
San Juan County using Portable X-ray fluorescence (PXRF)
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Agriculture Science Center, New Mexico State University  
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Abstract 13

Portable X-ray fluorescence (PXRF) spectrometry provides fast, non-destructive analysis of total concentration 
of many elements in soils. This technique is a powerful tool to study the spatial distribution of contaminants 
in the environment and allows immediate response to situations like the Gold King Mine (GKM) spill in 
2015 that contaminated the Animas and San Juan Rivers in the four corners region of the U.S. Southwest. 
Immediately after the spill, irrigation ditches within the state of New Mexico and Navajo Nation were closed 
for weeks, prohibiting contaminated river water from entering the agricultural fields. Questions remain as 
to whether the GKM metals were flushed out of the river or not and if surface water contamination may 
have spread through the watershed. Using the PXRF we evaluated the total concentration of 9 elements 
(Al, As, Pb, Ca, Cr, Cu Mn, Fe, Zn) of potential concern metals in fields used to grow alfalfa, vegetables and 
pasture grass. Representative soil samples were collected from each field for verification of PXRF analysed 
metal concentration using inductively coupled plasma (ICP) spectroscopy after acid digest in the lab. The 
analysed results were compared to the US Environmental Protection Agency (EPA) residential screening level 
(RSL) in soil. The spatial variability of the metal concentrations was also analysed by mapping in ArcGIS by 
interpolation using ordinary Kriging method to compare with future changes in metal concentrations. The 
average concentration of total As and Mn exceeded the guideline value (As-7.07 ppm, Mn-180 ppm) specified 
by NMED at certain hotspots that were identified for pasture (As-7.19 ppm, Mn-874.92 ppm), alfalfa (As-6.92 
ppm, Mn-545.04 ppm) and vegetable (As-7.13 ppm, Mn-312.84 ppm) fields. Other elements of concern were 
below the EPA-RSL. The metal concentrations for post-growing season have been scanned using PXRF and 
will be further analysed by geostatistical tools in R for comparison.



2018 Environmental Conditions of the Animas and San Juan Watersheds Conf.    

Environmental Conditions of the Animas and San Juan Watersheds

219

Metal Contaminants in the Animas and San Juan Watershed
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Abstract 14

On August 5, 2015, three-million gallons of acid rock drainage was accidentally released into the Animas 
Watershed from the Gold King Mine (GKM) in Silverton, Colorado. While contamination from this one event 
may not have reached closed irrigation ditches and fields, legacy mining waste has been seeping into the river 
for over 150 years which has sparked concern over the safety of the watershed. The total concentration of nine 
elements were analyzed in soil, leaf, and produce samples. Portable X-Ray fluorescence was used in three 
different agricultural fields to assess soil and leaf samples. The average concentration of As in soils exceeded 
the guideline value (7.07 ppm) specified by NMED at certain hotspots that were identified for pasture (7.19 
ppm), alfalfa (6.92 ppm) and vegetable (7.13 ppm) fields. On observing the exceedances in areas close to the 
irrigation sources, plant tissue samples were collected in four quadrants in a gradient of irrigation water flow 
of the field. The concentration range of As in leaf tissues for pasture (0.89-1.25 ppm, n = 12), alfalfa (0.94-1.11 
ppm, n = 12) and vegetable (0.5-0.9 ppm, n = 24) fields were all below the guideline value of 1.7 ppm. Thus, 
higher concentrations of arsenic and manganese that in some hotspots did not correlate to increased metal 
uptake in leaf tissues. Furthermore, inductively-coupled plasma optical emission spectrometry testing did 
not reveal an excessive uptake of metals in above-ground produce, as evidenced by the toxic metal, Arsenic 
values of all produce samples (n=19) presenting at non-detectable amounts. For now, the people of San Juan 
county should not be fearful of consuming locally grown produce from the area because the produce tested is 
below safety guidelines released by the World Health Organization and the Institutes of Medicine.
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The Corn Pollen Path and the Gold King Mine Spill

Brandon Francis 
NMSU Ag Science Center

bfrancis@nmsu.edu

Abstract 15

We as Navajo people view as things as having life and draw no distinction between abiotic and biotic. In 
our holy songs we sing about being children of the earth. We were made from ears of corn and the big wind 
gave us life. Water is revered and held sacred. The rivers carry our prayers and are an integral part of our 
ceremonial life. When the Gold King Mine Spill happened it affected a holy part of our world, the San Juan 
River. We watched our children, the corn and plants wither and die. We need the water and plants in our 
ceremonies to help restore balance and harmony to our world. Without being sure of the sanctity of our water 
and plants, our holy corn pollen path was disrupted.
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Soil-microbial Feedbacks to Decomposition Differences between Native  
and Invasive Shrub Species in an Animas River Riparian Zone

Benjamin D. Duval1, Heather Curtsinger1, Aubrey Hands1, Jamie Martin1, Daniel Cadol2 

1Biology Department, New Mexico Institute of Mining and Technology

2Earth and Environmental Sciences Department, New Mexico Institute of Mining and Technology

Abstract 17

Alterations to river water flow has undoubtedly changed western US riparian vegetation. However, invasive 
plants persist in the face of river restoration efforts, and questions remain about invasive vs. native shrub 
interactions. Soil microbiological processes such as decomposition and nutrient mineralization provide a 
likely set of mechanisms structuring native and invasive co-existence or replacement. To address this issue, 
we measured decomposition rates from four common northern New Mexico riparian woody species’ litter 
in soil where each plant species was growing in a full-factorial laboratory transplant experiment. Litters 
collected from near the Animas River in Bloomfield, NM consisted of the native species cottonwood (Populus 
fremontii) and coyote willow (Salix exigua), compared to invasive salt cedar (Tamarix ramosissima) and Russian 
olive (Elaeagnus angustifolia). Litter bags of each plant type were buried in soil collected from under the 
canopy of each species. Decomposition was measured via litter mass loss, trace gas evolution from soil during 
the experiment, and microbial exo- enzyme activity from soil at the conclusion of the experiment. The most 
mass from each species occurred when they were incubated in Populus soils. Invasive species litter lost the 
least mass when incubated in native Salix soil. Soil respiration (CO2 efflux) was higher under invasive litter 
decomposing in their own soil. However, invasive species induced higher soil respiration when decomposed 
in native soil; a situation that simulates plant invasion. Invasive litter decomposing in any soil resulted in a 
2-orders of magnitude spike in N2O emissions after 30 days incubation, which is thought to be indicative of 
higher rates of N mineralization followed by denitrification. The highest potential rates of B-glucosaminidase 
and acid phosphatase activity were measured from invasive species soils incubated with native species litter, 
a situation that simulates restoration efforts and points toward phosphate limitation as a consideration in 
future invasive vs. native shrub interaction research. These data suggest that there are important differences 
between native and invasive shrub litter effects on microbial carbon and nitrogen cycling, including periods 
of high N2O emissions during decomposition processes. These results help argue that microbiological and 
biogeochemical processes are considerations in riparian restoration campaigns.
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The Biological Response to the Gold King Mine Release in the Animas  
and San Juan Rivers

Lareina Guenzel1, Richard Mitchell, PhD1, Kate Sullivan, PhD2, and Michael Cyterski, PhD2

1 U.S. Environmental Protection Agency, Office of Wetlands, Oceans and Watersheds 
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Abstract 18

In response to the Gold King Mine (GKM) release on August 5, 2015, EPA mobilized field crews to sample 
water, sediment, and biological data from river segments impacted by the plume, which include the Animas 
River near Silverton, CO to its confluence with the San Juan River in Farmington NM, and the San Juan River 
from the Animas confluence to Lake Powell in UT. The EPA’s response sampling included biological data 
collection at 22 sites in the fall of 2015 (near- term) and follow-up data collection at 30 sites in fall 2016 (long-
term). These data with data collected by state and tribal partners1 and historic datasets were used to answer 
the following questions: Did the GKM event add to biological degradation in the already contaminated upper 
Animas River? Did the GKM release degrade biological communities in other segments of the Animas and 
San Juan rivers that had not been known to have metal contamination? EPA evaluated potential changes in 
species composition, population abundance, and metals in tissue by comparing the post-GKM release data to 
the pre-release conditions.

The Animas River is one of many rivers in the western US that is impacted by historic mining and ongoing 
acid mine drainage that results in a longitudinal gradient in metal concentrations and biological condition 
from the headwaters downriver. The upper Animas River (Silverton to Baker’s Bridge) experienced the 
highest metal concentrations during the GKM plume, the greatest number of water quality criteria excursions, 
and the greatest deposition of sediment immediately following the plume. Metal concentrations in benthic 
macroinvertebrate tissue were high in the pre-release dataset and continue to be high following the GKM 
release.

Historic biological monitoring conducted in this portion of the watershed over the last several decades has 
established that the upper Animas and several tributaries support only a limited benthic macroinvertebrate 
community and generally do not support fish (only transient fish, no reproduction) because of the poor water 
quality. Metal sensitive species were extirpated from the upper Animas prior to the release, leaving only some 
of the most metal tolerant aquatic life. Therefore, no clear differences in the aquatic community structure were 
observed in the pre- and post-GKM release biological data in the upper Animas River.

The benthic macroinvertebrate and fish populations in the Animas River generally improve in the middle 
and lower Animas River. These reaches support more sensitive taxa that are not found in the upper Animas. 
As the Gold King release moved through the river and approached the middle Animas river, both dissolved 
and colloidal/particulate metal concentrations declined rapidly as chemical reactions and hydraulic processes 
diluted, transformed, and deposited material. This resulted in few excursions of water quality standards 
and concentrations that were not likely to adversely affect aquatic biota. Our analysis of the 2015 post-GKM 

1  Biological data providers included Colorado Parks and Wildlife (CPW), Colorado Department of Public Health and Environment (CD-
PHE), New Mexico Environment Department (NMED), New Mexico Department of Game and Fish (NMDGF), Southern Ute Indian Tribe (SUIT), 
Navajo Nation Environmental Protection Agency (NNEPA), and U.S. Fish and Wildlife Service (US FWS).
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release fish data collected by CPW from the Animas River near Durango agrees with existing state analyses, 
reports, and press announcements that conclude fish were not exposed to acutely toxic concentrations. Fish 
populations including stocked trout and native species in the vicinity of Durango were at historic highs 
one month following the GKM release. Overall, we did not observe a long-term loss of or change in the 
more sensitive invertebrate and fish taxa, and for some metrics, a slight improvement was observed a year 
following the event.

Pre-release data were limited for the lower Animas River; however, the NMDFG fish tissue sampling design 
for the lower Animas and upper San Juan rivers provided meaningful statistical comparisons of near-term 
and long-term metal bioaccumulation following the release by including multiple species, replicates, tissue 
types (muscle and liver) and sampling dates. Metals were significantly elevated in fish liver and to a lesser 
extent in muscle tissue during August 2015 in the lower Animas at locations with elevated GKM metals in 
water and sediment. For the most part, however, high liver concentrations did not translate to high muscle 
concentrations. In March 2016, the concentration of metals in tissue were low throughout both rivers. 
Additionally, the body burdens of 8 metals in the pre-release (SUIT) and post-release EPA fish data taken at 
the same locations were very similar despite differences in methods, supporting the conclusion that biological 
conditions were at background conditions in fall 2016.

By the time the GKM plume reached the confluence with the San Juan River, total metal concentrations had 
declined by three orders of magnitude from what they were when the plume entered the Animas because of 
the combined effects of the dilution, chemical reactions, and deposition. The excursions of aquatic life water 
quality criteria in the San Juan were limited to metals that are naturally high in the sediment and water, 
making direct toxic effects related to the GKM release unlikely. Metals in fish tissue samples collected from 
the San Juan by all data sources were generally very low and often less than detection limits.

The FWS fish population data for the San Juan showed that fish abundance in 2015 and 2016 was generally 
within pre-release norms. The exception to this was suppressed abundance of bluehead sucker, flannelmouth 
sucker and speckled dace in the middle reaches of the San Juan in both 2015 and 2016, which coincided with 
historically high populations of predator/competitor species (i.e., razorback sucker, Colorado pikeminnow 
and channel catfish).

The EPA 2016 biological sampling was the first effort to cover the entire Animas and San Juan rivers in a 
single sampling event with consistent sampling methods. Our ability to conduct a watershed-scale analysis of 
data collected by all partners was limited by the different sampling and analytical methods and revealed the 
need for a consistent sampling approach. This was especially true for studies focusing on biological uptake 
of metals. Future watershed-scale monitoring efforts should include the development of consistent sampling 
methods when an objective is to compare results to data collected from other areas of the watershed.
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Groundwater Level Monitoring Along the Animas River, New Mexico, 
After the Gold King Mine 2015 Mine‐water Release

Ethan Mamer 
NM Bureau of Geology and Minerals Resources  

ethan.mamer@nmt.edu

Abstract 19

The Gold King Mine spill that occurred in August 2015 rapidly drained water that was backed up behind 
the blocked mine adit, quickly eroding the waste rock pile that was outside of the mine. As result, roughly 
490,000 kg of sediment was released with the water, turning the water an orange color. The water that 
flowed into the Animas River was loaded with dissolved metals and contaminated sediments, which posed 
a possible risk to groundwater quality in the Animas Valley. While the river has since returned to its normal 
color, there is still concern that the metals left on the streambed may affect the shallow alluvial aquifers and 
impact the communities in the surrounding area.

To determine if water from the river was infiltrating in to the alluvial aquifers of New Mexico during or after 
the spill, a water-level monitoring network was developed. The monitoring network consisted of roughly 
60 existing wells and was used to construct groundwater elevation contour maps to determine the direction 
of groundwater flow in the Animas Valley between Farmington and the NM/CO boarder. The monitoring 
network of wells was measured four times per year, over two years, during hydraulically significant periods 
to understand the seasonal fluctuations of the water table and how it affects the groundwater/ surface water 
interactions; during baseflow conditions (late-January), the initial snowmelt/onset of irrigation season (mid-
March), peak snowmelt/extended irrigation season (early-June), and at the end of irrigation season (mid-
October).

A subset of wells were instrumented with pressure transducers to continuously collect water- level data. The 
groundwater hydrographs recorded at these wells showed distinct patterns that were used to categorize most 
of the measured wells based on their different hydrograph characteristics. Wells close to the river typically 
had a direct correlation to river stage with a distinct increase that correlates to peak snowmelt in the river 
followed by a rapid drop in groundwater levels through August. Most of the hydrographs begin increasing 
in late March at the beginning of irrigation season and continue to increase through July and do not begin to 
decrease until the end of irrigation in late October.

Groundwater level measurements were used to construct water table maps to assess groundwater flow 
direction and the hydraulic gradient between groundwater and the river stage. In general, groundwater flows 
to the southwest (downstream) and towards the river. In most areas, the Animas River is gaining water from 
the groundwater, as groundwater from the surrounding valley flows down gradient, discharging to the river. 
However, in some areas, water-levels in close proximity to the river have a nearly flat hydraulic gradient 
between groundwater and the river, where small seasonal fluctuations in groundwater levels and river stage 
can turn a slightly gaining reach to a slightly losing reach. Groundwater levels in the valley are generally 
lowest in March, before the irrigation season begins, and highest in October, near the end of the irrigation 
season. High seasonal water-level fluctuations were observed near the Cedar Hill and Inca communities, 
where we observed an apparent reversal in gradient that changes the river in those areas from a gaining 
stream in the summer during irrigation season to a losing reach in the winter.

River water primarily recharges the shallow aquifer as a result of irrigation practices in the area. During the 
growing season (March through October), water is diverted from the river into irrigation ditches and canals 
that transport water to agricultural fields. Water seeping through the bottoms of canals and ditches and past 
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the root zone in agricultural fields recharges the shallow aquifer, resulting in groundwater levels increasing 
significantly during irrigation season throughout most of the study area, as was observed from groundwater 
level measurements in the majority of wells. While the seepage of irrigation water through canal and ditch 
bottoms and agricultural fields is the primary mechanism by which river water enters the aquifer, there is 
evidence that water can infiltrate directly from the river into the aquifer in some areas.

Therefore, we recommend that in the event of another mine water release, that residents with a well within 
300 feet of the river (especially near the communities of Inca and Cedar Hill) discontinue pumping of the well 
temporarily until the contaminant plume in the river has passed.
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Differentiating Mining and Natural-Sourced Contaminants in the Tributaries  
of the San Juan River, USA
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Abstract 23

The Gold King Mine event elucidated the historical and ongoing metal releases from the Bonita Peak Mining 
District, Colorado, USA to the Animas and San Juan Rivers. However, the Animas River represents only one 
of seven main tributaries to the San Juan River, and each tributary watershed has a unique mining history, 
underlying geology, and flow regime (i.e. snowmelt, rainfall, and/or baseflow). In order to differentiate 
geochemical signatures in mobile particles among mined versus unmined tributaries, total and filtered trace 
element concentrations from the downstream most location in each tributary watershed were downloaded 
from the Storage and Retrieval Database (STORET) along with United States Geological Survey (USGS) 
measured discharge. Particulate metal loads were determined for each discharge event within a watershed by 
averaging discrete sampling events by a representative discharge. Additionally, principal component analysis 
(PCA) and lead isotopes were utilized. Geochemical signatures in mobile particles varied with discharge 
event, where the largest shift in particulate metal signatures   occurred   within   snowmelt-dominated   
watersheds   between snowmelt runoff and rainfall/baseflow. Additionally, particulate metal loads mobilized 
during rainfall most closely reflected the underlying geologic units. From the PM loads, PCA, and Pb-isotopic 
analysis, we posit that PM loads mobilized in the Animas River during snowmelt which are sourced from the 
headwater regions represented a mining signature, whereas PM loads mobilized throughout the watershed 
during rainfall reflected the underlying geologic units.
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The San Juan Watershed Group: Using ESRI’s Story Maps as a Tool for 
Communicating Water Quality Data

Jaclynn Fallon 
San Juan Watershed Group sjwg@sanjuanswcd.com

Abstract 25

Watershed groups often struggle to get their message out, or present data in a way that is understandable 
and accessible to the public. Story Maps, created by ESRI, the makers of ArcGIS software, offer an innovative 
medium for organizations to communicate their data to the public. Combined with maps and a variety 
of other media formats, Story Maps can transform data into a narrative that is interactive, engaging, and 
approachable. This presentation will exhibit a Story Map of the San Juan Watershed Group’s water quality 
monitoring history, with an emphasis on communicating data to a public audience.

In 2001 severe algae blooms inundated the lower Animas River, and triggered concerns about water quality 
and nutrient enrichment. A group of concerned citizens came forward to address nutrient and bacteria 
pollution and formed the present-day San Juan Watershed Group. In the seventeen years since its inception, 
the San Juan Watershed Group has monitored water quality in the Animas, La Plata, and San Juan Rivers, and 
has accumulated a substantial water quality dataset. Some of the Group’s data have been made available to 
the public via reports and presentations, and more recently, the Colorado Data Sharing Network. However, 
the Group has lacked a living, consolidated database, and a comprehensive, accessible narrative of their work 
and history.

This Story Map tackles both of those deficiencies by bringing the San Juan Watershed Group’s data into a 
single database, and transforming that data into a visually engaging spatiotemporal presentation. In addition 
to introducing the Story Map as a useful tool for communicating science, this presentation will also briefly 
describe the initial database and map configuration requirements for Story Map creation.

Educating the public and decision-makers about watershed issues and serving as a repository of information 
to the public are two of the San Juan Watershed Group’s primary objectives. However, finding an effective 
medium for communicating water quality day has made achieving those objectives difficult. Story Maps are 
one way that watershed groups can bridge the gap and achieve their objectives for communicating science to 
the public.
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Surface Water Geochemistry during Monsoon Generated Flow Events in the 
Animas and San Juan Rivers, 2016‐2017
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Abstract 27

A relatively large percentage of the Animas and San Juan Rivers’ metals and suspended- sediment load 
can occur during a short period of the annual hydrograph. Peak-flow events often occur in northwestern 
New Mexico following monsoon storms from July to October. Quantifying constituents of concern such as 
aluminum, iron, manganese, lead, and arsenic in fluvial systems during these short-duration, high-load 
periods is challenging for a number of reasons: site access, timing and duration of flow events, restrictions 
due to proximity, labor and laboratory costs, as well as temporal and spatial heterogeneity of concentrations. 
Lack of sample data during these periods may severely bias modelling and understanding of metals and 
suspended sediment flux. Understanding variations in water quality during monsoon events is also important 
for water-resources management, when dynamic surface waters are used as an agricultural or drinking water 
source.

Technological solutions exist to improve acquiring water-quality data over a range of flows. The U.S. 
Geological Survey deployed online sensors and automated pumping samplers, triggered remotely via Raven 
cellular modems, to sample a suite of metals and suspended sediment during periods of short duration, high 
turbidity flow events in 2016-2017. The results of this sampling campaign are presented and show the relation 
between metals and suspended-sediment concentrations in the Animas and San Juan Rivers.

Figures 1 and 2 show provisional data from two sampling events in 2017 from a sampling location near 
Fruitland, New Mexico. The August 2017 event was relatively short spanning about 12 hours. An event 
beginning on September 27th was a multi-day event with turbidity values greater than the instrument 
operating range (3030 FNU) for more than three days. Despite similar turbidity readings, iron concentrations 
(dissolved and total) ranged by more than an order of magnitude. Maximum dissolved iron concentrations 
measured during the August event were about 0.4 mg/L, whereas the maximum measured concentration on 
9/28/17 was 2 mg/L. The results from this study demonstrate the need for on-demand, remote sampling to 
inform watershed transport models and the beneficial use of dynamic water resources.
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Toxicity of the Water Bodies in the Animas River Valley

Evan Tweedie 
Heights Middle School  
tweedie611@gmail.com

Abstract 3

The Gold King Mine “blowout” of August 2015 created a lot of tension for the cities of Silverton and 
Durango. The Gold King Mine blowout was a giant problem for the cities of Silverton and Durango, and even 
temporarily effected Farmington’s amount of power. Up to three million gallons of mine water was released, 
all of which was full of iron oxyhydroxide that flowed all the way into Utah. The water even turned orange, 
bringing a lot of national attention to the Animas River, the river that was affected greatly by this spill.

In this presentation, I will discuss the results of my science fair project that I performed on the toxicity of the 
water bodies in the Animas River Valley. I entered my project into the Environmental science Division at State 
Science Fair in Socorro, NM.

I tested the water from various creeks with Daphnia magna and lettuce seeds from water bodies around 
Durango and Silverton, Daphnia being small crustaceans that are usually used in feeding aquarium fish. 
Along with these tests, I found the PH and TDS of the samples. Daphnia magna and lettuce seeds are 
commonly used in bioassays for water quality and toxicity. I expected to discover that the water bodies with 
mine water feeding into them would be toxic, and this hypothesis has proven to be accurate.

My results showed the Gold King Mine output, Cement Creek, and Mineral Creek grew short lettuce seed 
roots, did not support suitable life for Daphnia magna, had low PH, and had high TDS. These water bodies 
had mines feeding into them, which supports my hypothesis. My results also showed that the least toxic 
water bodies were Junction Creek, Cascade Creek, and Deer Creek. Likewise, all of these creeks had long 
lettuce seed roots, supported suitable life for Daphnia magna, had high PH, and had low TDS. These creeks 
had very few mines feeding into them.
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Post Gold King Mine Release Water Quality in the Animas and San Juan River 
During Spring Snowmelt Updated with 2017 Water Sampling

K. Sullivan and M. Cyterski 
National Exposure Research Laboratory, U.S. Environmental Protection Agency, Athens, GA.

Email: sullivan.kate@epa.gov (corresponding author)

Abstract 5

An accidental breach of the Gold King Mine on August 5, 2015 released approximately 500,000 kg (455 tons) 
of particulate and dissolved metals into the Animas River at Silverton, Colorado. The released mass flowed 
through the Animas and San Juan Rivers as a slurry of acidic water with high concentrations of particulate 
and dissolved metals that declined rapidly as the plume travelled due to dilution, geochemical reactions, and 
deposition. Ninety-five percent of the GKM release mass was deposited in the rivers in the form of iron and 
aluminum oxides. The mineral deposits were later re-entrained and moved to the receiving waters in Lake 
Powell, UT in timesteps that varied by location. The metals left behind in the lower Animas and San Juan 
Rivers amounted to 10% of the initial release and were remobilized within 3 weeks of the initial event. The 
mass deposited in the upper Animas River between Silverton and Durango, CO comprised 85% of the initial 
release and remained in place for 8 months until it was washed through the rivers during snowmelt runoff 
the following spring. Based on extensive post-event monitoring, EPA concluded that all the GKM released 
metals were delivered to Lake Powell by the time the 2016 snowmelt season ended (USEPA 2016; Sullivan et 
al. 2017). EPA monitored water quality during snowmelt in 2017 to further evaluate that hypothesis.

Our assessment used several approaches to characterize and pinpoint GKM-related metals within the typical 
seasonal patterns of metals transport and the historic effects of mining-related contamination in the rivers. 
Metal concentrations before and after the GKM event were compared, depending on the availability of data. 
Reclamation efforts in the mining impacted segment of the Animas from Silverton to Durango have generated 
an extensive database for comparison, while pre-GKM data is relatively sparse in the lower Animas and San 
Juan Rivers. Accounting for the GKM mass was accomplished with sampled metal concentrations and flow 
data available at well distributed USGS gages. A simple “finger printing” technique using the relationships 
among metals available in most water and sediment samples was very effective for identifying the Gold King 
release within the background concentrations normally transported by the rivers.

Snowmelt sampling in 2016 found that most of the GKM metals were mobilized and transported episodically 
from April through June (U.S. EPA 2016). Increased metals concentrations were pronounced in the upper 
Animas River where most of the release had been deposited.

Elsewhere, the fingerprinting technique could detect GKM release metals as they passed through the rivers 
even though concentrations were quite low and within state water quality criteria. The excess metals mass 
attributed to the GKM release that was delivered to Lake Powell during 2016 snowmelt was in reasonable 
agreement with the estimated deposition within the river.

However, careful comparison to historic data indicated that an additional ~ 110,000 kg of particulate material 
that had apparently deposited in Cement Creek during the initial release was remobilized during peak 
runoff, bringing the total GKM release to the Animas River to ~ 600,000 kg (550 tons). This release value was 
consistent with the previously reported estimated delivery to Lake Powell in 2016 (U.S. EPA 2016).

Metals concentrations during 2017 snowmelt were well within their typical ranges observed prior to the GKM 
release at all locations within the Animas and San Juan Rivers. There were no lingering GKM release effects 
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detectable in concentrations or with the fingerprinting technique. Within the 20-year record available in the 
upper Animas, the total and dissolved concentrations of many metals during snowmelt reached historic lows 
in 2017, especially copper and zinc that have been shown to impact aquatic communities within this segment 
(Figure 1). Lower concentrations were only partially accounted for by the removal of metals at the treatment 
plant installed by EPA in Cement Creek after the GKM release.

Figure 1. Record of total copper and zinc concentrations in the Animas River at Durango from 2000 to 2017. Data was 
composited from samples collected by Colorado River Watch, Colorado Department of Public Health and Environment, 
and U.S. EPA Region 8. The GKM release and Fall 2015 data are not included in these figures to emphasize the movement of 
metals during 2016 snowmelt from March 1 to June 30. (See U.S. EPA 2016 for release event concentrations)
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Mineralogy and Chemistry of Mine Waste Rock Piles in Mining Districts  
in Southern Colorado and New Mexico

Virginia T. McLemore1 and Marcus Silva2

1New Mexico Bureau of Geology and Mineral Resources, New Mexico Institute of Mining and Technology, 
Socorro, NM 87801, virginia.mclemore@nmt.edu

2Department of Mineral Engineering, New Mexico Institute of Mining and Technology, Socorro, NM 87801

Abstract 10 – Both Oral and Poster

Legacy issues of past mining activities forms negative public perceptions of mining, and inhibits future 
minerals production in the state. There are tens of thousands of inactive or abandoned mine features in 
mining districts in New Mexico and southern Colorado (including coal, uranium, metals, and industrial 
minerals districts), however many of them have not been inventoried or prioritized for reclamation. 
Abandoned mine lands (AML) are areas that were mined and left unreclaimed where no individual or 
company has reclamation responsibility (also called inactive, legacy, and orphaned mines). These may consist 
of excavations that have been deserted and where further mining is not intended. Most of these mine features 
do not pose any physical or environmental hazard and many more, pose only a physical hazard, which is 
easy, but costly to remediate. A complete inventory and characterization of these features is needed.

Some of these sites have the potential to contaminate surface water, groundwater and air quality. Heavy 
metals in mine waste piles, tailings and acid mine drainage can potentially impact water quality and human 
health. State and federal agencies and mining companies have mitigated many of the physical safety hazards 
by closing some of these mine features, but very few of these reclamation efforts have examined the long-term 
environmental effects. There is still potential for environmental effects long after remediation of the physical 
hazards, as found in several areas in New Mexico (for example Terrero, Jackpile, and Questa mines).

The NMBGMR in cooperation with the Mineral Engineering Department at New Mexico Tech, EPSCoR, 
and the NMAML program is conducting research on legacy mine features in New Mexico and southern 
Colorado. The project involves field examination and data collection of the mine features. Samples are 
collected to determine total whole rock geochemistry, mineralogical, physical, and engineering properties, 
acid-base accounting (Fig. 1), hydrologic conditions, particle size analyses, soil classification, shear strength 
testing for stability analysis, and prioritization for remediation, including hazard ranking. Not only are 
samples collected for geochemical and geotechnical characterization, but the mine features are being mapped, 
evaluated for future mineral-resource potential, and evaluated for slope stability.

Some waste rock piles and tailings could be potential resources for critical minerals and other commodities 
needed for U.S. technologies. Potential mineral recovery from mine wastes has the potential not only to 
support cleanup efforts financially, but to remove metals that could be part of the environmental and public 
safety hazard. Some of the critical minerals identified recently by the U.S. Department of the Interior are 
found in some of the existing mining districts and legacy mines. Most of the waste rock piles surrounding the 
mine features are suitable for backfill material in areas of remediation.
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Figure 1. Acid Rock Drainage (ARD) plot of waste rock pile at mines examined during the NMBGMR AML project. 
The results for the waste rock piles from the Little Davie, Lucky Don, Chupadera, and Jeter uranium mines (Socorro 
County), St. Anthony uranium mine (Cibola County), Jicarilla gold mines (Lincoln County) and Silverton gold-silver 
mines (Colorado) are shown for comparison (unpublished work in progress). Results of these mines will be published 
in future reports. Samples that plot in the uncertain and potential acid forming fields are not suitable for backfill 
material and need to be handled with care during reclamation.
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Working with Nature to Heal the San Juan

Brandon William Francis 
NMSU Agricultural Science Center

bfrancis@nmsu.edu

Abstract 12

In the years following the 2015 Gold King Mine Spill much uncertainty still exists along the San Juan River 
among the farmers on the Navajo Nation. The studies currently being conducted in respects to the event are 
concentrating on monitoring the levels of heavy metal contaminates in the river, soil and plants. This study 
will use bioremediation techniques, phytoremediation ponds and a bio swale to remove heavy metals from 
the water and soil in agricultural fields at a location in Hogback, New Mexico. The soil, water and plants will 
be tested over the course of the growing to track the effectiveness of the filtration methods in place. The test 
site will serve as economically feasible model for farmers who have concerns of contaminates entering their 
water, soil and produce.
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Contaminant Element Cycling through Animas River Biota 2-years After the Gold 
King Mine Spill

Daniel Cadol1, Benjamin D. Duval2 Jamie Martin2, Bonnie Frey3 and Stacy Timmons3 

1Earth and Environmental Science Department, New Mexico Institute of Mining and Technology

2Biology Department, New Mexico Institute of Mining and Technology

3New Mexico Bureau of Geology and Mineral Resources

Contact: Benjamin.duval@nmt.edu

Abstract 16

In the New Mexico reach of the Animas River, the Gold King Mine spill led to slight decreases in pH, 
elevated metal concentrations, and significant deposition of metal-bearing sediments and oxides. Analysis 
of Gold King release effects on the aquatic and riparian ecosystems are complicated by past release events 
and chronic acid mine drainage into the Animas River system for more than a century. Few if any acute 
toxicological effects on fish were reported from the event, but chronic exposure to the contaminated 
sediments and mobilization into food-webs is a lingering concern. Plant uptake of contaminants through soil- 
pore water-stream connectivity could increase the pool of those elements in vegetation.

Decomposition processes return organic matter to the stream for potential uptake by filter feeding fish and 
invertebrate larvae, which in turn are consumed by predatory invertebrates and other fish species. Thus, 
there is a strong expectation that biota will affect contaminant element cycles, and understanding element 
pathways through biota is necessary to assess persistent effects of the GKM spill.

In March and August 2017, we sampled sediment, overbank soil, aquatic and riparian vegetation, aquatic 
invertebrates from three GKM spill-affected sites along the Animas and San Juan Rivers, as well as samples 
from a non-spill affected reference site on the San Juan. Fish muscle and liver tissue was procured from 
samples taken at the same sites by NM Game and Fish in August 2017. We report concentrations of 9 metal 
and contaminant elements (Al, Mn, Fe, Cu, Zn, As, Pb, Cd, U) determined with ICP-MS. We couple these 
data with 13C and 15N analysis of the same material and tissues to reconstruct the aquatic and riparian food 
and assess contaminant pathways through biota. Cottonwoods (Populus fremontii) from spill- affected sites 
expressed higher leaf and stem Al, Zn and Cd than plants from the reference site. Spill-affected coyote 
willow (Salix exigua) contained higher concentrations of Al and Zn, and salt cedar (Tamarix ramosissima) 
leaves had higher concentrations of Zn than plants from the reference site. We did not discern an easily 
interpretable pattern of aquatic invertebrate community response to the GKM spill. Grouping invertebrates 
by functional group showed that detritivores and scrapers typically had higher whole-body contaminant 
concentrations than predatory invertebrates. All invertebrate functional groups sampled in spill-affected 
areas had higher Zn concentrations compared to invertebrates at the reference site, and Cd concentrations 
were elevated in detritivores and predators at the spill-affected site relative to the reference site. There were 
significant, positive correlations between fish liver 15N (an indicator of trophic position) and liver Cu, As 
and Cd concentrations. However, significant negative correlations were found between 15N and liver Al and 
Pb. Zinc, which was found in elevated concentrations in spill-affected plants and all groups of invertebrates 
sampled, correlated only weakly (R = 0.08) and non-significantly with fish liver Zn.
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We observe elevated levels of some contaminant elements, especially Zn and Cd, in Animas and San Juan 
River plants and invertebrates in riparian areas and stream reaches affected by the GKM spill. The element-
dependent nature of contaminant movement through food-webs confirms that bio-accumulation is possible, 
but not a universal characteristic of mine-contaminated ecosystems. These data help understand contaminant 
biogeochemistry across trophic levels; however, future directions should aim toward fish diet reconstruction 
via gut content analysis for contaminants and stable isotopes, coupled with additional sampling efforts to 
increase invertebrate capture.
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Detection of Vegetation Change In Farmlands Near The San Juan River After the 
Gold King Mine Spill Using Remote Sensing

Xiaobo Hou  
University of Arizona

xiaobohou@email.arizona.edu

Abstract 20

After the Gold King Mine Spill (GKMS), Navajo communities were concerned about using river water for 
farming, watering livestock and fishing and wondered anxiously if the water was really safe to use for other 
activities such as swimming and cultural practices. Though there was a general concern of using the river 
water to farm, Navajo communities responded differently regarding the timing of restarting irrigation after 
the Spill. It is assumed that many other agricultural communities along the San Juan River had resumed 
irrigation at some point, but there is a lack of record for each chapter. The whole picture of the impact of 
the GKMS on farming practices is missing for the Navajo communities along the San Juan River. The study 
uses different vegetation indices (VIs) to determine change in vegetation greenness and water stress level to 
examine change in farming practices and evaluate its impact on farmland productivity. Preliminary results 
will be presented in the poster.
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Bioremediation of Heavy Metals with Lemna Minor (Duckweed)

Hunter Winsor 
New Mexico State University

Contact: Hunter Winsor, New Mexico State University, hbw3@nmsu.edu

Abstract 21

There are concerns of heavy metals building up in the soil of irrigation ditches downstream of legacy 
mining. Soils were collected from near an acid rock drainage site in Silverton, CO and an irrigation channel 
downstream 97km near Aztec, NM. Both samples were initially analyzed to confirm levels of heavy metal 
elements. Using inductively coupled plasma mass spectrometry (ICP-MS) the levels of Arsenic in the samples 
was 14.76 ppm in Silverton and 9.72 ppm in the Aztec Sample. These both exceed the guidelines of the NMED 
of 7.07 ppm. A concern is that arsenic will leach from the soil of these irrigation canals into the irrigation 
water supplying farm fields. This study will compare the variable oxidation-reduction potential states and 
pH of the soils to see if arsenic could leach into irrigation water. Duckweed will be grown on the leachate 
solution at different pH and oxidation-reduction potentials to see if it is a possible sink for arsenic leached 
into solution.
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Lingering Heavy Metal and Metalloid Toxins in the Allium cepa Root Tip and 
Bulb from the Animas and San Juan Riverbeds,  

due to the 2015 Gold King Mine Spill

Sunny Nez 
12th Grade Navajo Preparatory School Farmington, NM

Teacher/Mentor: Ms. Yolanda Flores/Dr. Daniel Winarski

Abstract 22

Finding potential heavy metal and metalloid toxins in the Animas and San Juan riverbeds and onion bulb 
after the 2015 Gold King Mine Spill are crucial to the effects of the mitotic index of Allium cepa root tip. Initial 
tests on the mitotic index from the Animas and San Juan Rivers were conducted in 2015-2016. The hypothesis 
states that if both Riverbeds, and onion bulb samples have potential heavy metals and metalloids, then the 
samples from both rivers will contain abbreviated cells, and a lower mitotic index.

Water and riverbed samples were collected after the 2015 Gold King Mine Spill. Green onions were planted 
in each water and riverbed sample for one month. The onion root tips were then analyzed using a digital 
microscope at 400X for mitotic phases and cellular aberrations. Non-dividing and dividing cells were counted 
to measure the mitotic index. Onion bulbs exposed to the riverbed were tested for metals using Oxford ED-
2000 Geology Majors + Traces XRF.

The hypothesis was accepted; both riverbeds affected the mitotic index (0%) of the root tip with cellular 
aberrations. Onion bulbs in the XRF study had higher ppm concentrations of Zinc indicating cytotoxic effects 
on the mitotic index. The Animas Riverbed had high weight percentages of specific metal oxides, thus 
reducing the weight percent of common sand. The XRF Machine also found that the Animas River having 
higher concentrations of metalloids, while the San Juan Riverbed had higher weight percentages of sand 
because it had less specific metal oxides.
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Impacted Zea Mays After Gold King Mine Spill

McKayla T. Gilbert 
FHS Farmington School District 

kybilb@msn.com

Abstract 24

Contaminated agriculture caused by mining activities, as the Gold King Mine Spill, pose a long-
term threat to riverside communities. Accumulated wastes from abandoned mines contain toxic metals and 
metalloids that spill into rivers used for irrigation. Zea Mays irrigated with contaminated river water 
may or may not uptake contaminants through its water channels. Long term exposure to metals and 
metalloids such as uranium, cadmium, lead, and arsenic can have a dangerous effect on development of 
the human body. Cognitive development can be detrimentally impactful on children. In 2015, the Gold 
King Mine, located in Silverton, Colorado, spilled three million gallons of mine waste water into the 
Animas River. The Animas River is a tributary to the San Juan River in New Mexico.

A study of corn grown along a section of the San Juan River on the Navajo Nation in New Mexico was 
carried out to determine concentration levels of contaminants from the spill. Zea Mays, soil, and river water 
samples were collected and analyzed. Concentration levels of uranium, cadmium, lead, and arsenic, were 
measured with the Inductively Coupled Plasma Mass Spectrometer (ICP-MS). One of the major reasons 
I researched the impacts of the Gold King Mine Spill is to help the community understand the potential 
dangers of what chronic toxicity poses to the corn. Results from this investigation are preliminary findings 
and are a contribution as baseline data to an ongoing long-term impact study of the mine waste water 
that flowed into an irrigation river water source on the Navajo Nation. This investigation project earned first 
place honors at the 2018 NM State ISEF Science Fair and student received invitation to observe at the 2018 
Intel International Science and Engineering Fair in Pittsburgh, Pennsylvania.
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Forest and Watershed Treatments in the San Juan – Chama  
Watershed Partnership Region

Caitlin Barbour  
AmeriCorps VISTA Program 

(Sponsored by Chama Peak Land Alliance and Bureau of Reclamation)  
caitlin.barbour@chamapeak.org

Emily Hohman 
Chama Peak Land Alliance 

emily.hohman@chamapeak.org

Dagmar Llewellyn  
Bureau of Reclamation  
dllewellyn@usbr.gov

Anne Bradley 
The Nature Conservancy  

abradley@tnc.org

Steven Bassett 
The Nature Conservancy 

sbassett@tnc.org

Abstract 26

This poster describes the practical application of research and mapping conducted by the Navajo- Blanco 
Resilience Partnership to prioritize and maximize the effectiveness of forest treatments in the San Juan and 
Chama watersheds of northwestern New Mexico and southwestern Colorado, including the headwaters 
above the Bureau of Reclamation’s San Juan-Chama Project (SJCP) and the private lands affiliated with the 
Chama Peak Land Alliance. The Nature Conservancy (TNC) has conducted extensive research and GIS 
mapping to evaluate fire and debris-flow risks in these forested watersheds, which provide a significant 
portion of the water supply to Santa Fe, Albuquerque, and the Middle Rio Grande Conservancy District. 
Anticipated high-severity wildfires and subsequent post-fire flooding threaten these watersheds and the 
downstream communities that depend on them. Reduced runoff, increased soil erosion, and post-fire debris 
flows have the potential to degrade water supplies and impact SJCP operations. The Chama Peak Land 
Alliance, TNC’s Rio Grande Water Fund, and other members of the Navajo-Blanco Resilience Partnership, 
have used TNC’s research as a basis for prioritizing forest treatment projects to promote forest health 
and watershed security in the Navajo and Blanco basins, both of which are within the San Juan – Chama 
Watershed Partnership Region. With partner funding from the Albuquerque-Bernalillo County Water Utility 
Authority, projects are underway to reduce the threat of high-severity wildfire in these critical watersheds. 
This poster highlights these implementation projects and this exciting partnership between government 
agencies, nonprofits, and landowners.

Contact: Caitlin Barbour, AmeriCorps VISTA Program, (Sponsored by Chama Peak Land Alliance and Bureau 
of Reclamation), caitlin.barbour@chamapeak.org
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Impacts of the Gold King Mine Spill have Measurable Effects on  
Navajo Agricultural Lands

Joshua Froyum and Jani C. Ingram, Ph.D. 
Chemistry & Biochemistry, Northern Arizona University, Flagstaff, AZ

jdf98@nau.edu

Abstract 28

August of 2015 the soil plug at the entrance of the Gold King Mine near Silverton, Colorado was disturbed, 
ensuing a release of an estimated three million gallons of acid mine drainage (AMD) into Cement Creek 
connecting to the Animas River, a tributary of the of San Juan River. The San Juan River is a major source of 
water for drinking water, recreation, and agriculture for the Navajo Nation. Following the Gold King Mine 
Spill (GMKS), water and soils samples were collected along the San Juan River from Upper Fruitland, NM to 
Aneth, UT. Preliminary studies demonstrated that the regions of Shiprock and Upper Fruitland had elevated 
levels of heavy metals and metalloids, but the concentrations were still below EPA guidelines.

The purpose of this agricultural study was to investigate if heavy metals contamination from AMD affected 
the Navajo Nation agricultural systems. Sampling occurred in August 2017 at local farms in the Shiprock 
that used San Juan River water to irrigate their fields. The control site was a farm upstream from the Animas 
River inlet in Bloomfield, NM. At each location canal water, canal sediment cores, field sediment cores and 
mature corn plants were collected, digested, and analyzed via inductively coupled plasma mass spectrometry 
for arsenic, lead, manganese, cadmium, and uranium. Canal water was tested for major anions by ion 
chromatography and major cations by flame atomic absorption spectrometry to explore the difference in 
water chemistry for each sampling location. Results from the water, soil, and plants were paired to study the 
persistence of the analytes over time since the spill, determine the mobilization of heavy metals/metalloids in 
the environment, and inform community farmers if the current farming practices with San Juan River water is 
potentially toxic for those consuming their corn now or in the future.
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