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Prof. Emerman has evaluated proposed and existing mining projects in 
North America, South America, Europe, Africa, Asia, and Oceania. He has 
testified on mining issues before the US House Subcommittee on 
Indigenous Peoples of the United States, the European Parliament, the 
United Nations Permanent Forum on Indigenous Issues, and the United 
Nations Environment Assembly.
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Prof. Emerman testifying before the U.S. 
Congress on March 12, 2020. 



The Chemical Reaction of Industrial Mining

Fresh Water + Landscape → 
Toxic Waste + Degraded Landscape + Commodity

Toxic waste is the driver for the consumption of fresh 
water, so these two components of the chemical 

reaction must be discussed together.



Is the Commodity worth the Price?

• Who benefits from the commodity?
• Who suffers the damages from the production of the 

commodity?
• Who bears the risks from the production of the commodity?
• Is it the same people who benefit and who suffer the 

damages and bear the risks?
• Who decides whether the commodity is worth the price?



The Concept of the Sacrifice Zone

“[The sacrifice zone] is fundamentally a geographical 
concept about the production of space: environmental 
harms are concentrated in some places in order to 
protect the environmental health and sustainability of 
other places. Geographies of environmental sacrifice 
have been the necessary corollary of geographies of 
environmental abundance. The latter depend on and 
are constituted by the former … In short, the sacrifice 
zone concept signals a ‘we’ who are singled out by 
some criteria as an acceptable sacrifice and ‘they’ who 
use the powers of state, market, and mindset to do 
both the rationalizing and the sacrificing.”



No One and No Place has an Obligation to Serve as a 
Sacrifice Zone

Is there any 
world religion 
that offers any 
justification for 
the concept of a 
sacrifice zone?



“As for me, I accept the degradation of part of our environment for the 
betterment of the whole to get sufficient energy production to keep our society 
functioning, and bring health, electricity and better living conditions to the rest 
of the world … So, although to some it may seem callous, I accept the loss of 
the pristine deserts in South America to get the lithium we need … But it will be 
lost and probably has to be lost unless we find another way to build Tesla's 
(and other) batteries.”
-- Past President, Geological Society of America

How Far have We Fallen that is Now Acceptable to 
Demand that Someone Else Serve as a Sacrifice Zone?



How Far have We Fallen that is Now Acceptable to 
Demand that Someone Else Serve as a Sacrifice Zone?

Email from Harry Cabrita, CEO 
of Nova Copper to the Mayor 
and Council of the Cape 
Breton Regional Municipality: 
“Communities that do not 
welcome safe, responsible 
copper mining will be 
abdicating their responsibility 
to act on climate change.”



Ancient, high-
grade 

deposits are 
long gone.

The remaining ore 
deposits are heavily 

depleted.
Grades of remaining ore deposits:
Copper: 0.64%
Lithium: 0.60%
Gold: 0.00008% (0.8 grams per 
metric ton)



Santo Antônio Dam, 
Morro do Ouro Mine near 

Paracatu, Minas Gerais, Brazil 
Largest gold mine in Brazil

The Remaining Ore Body Becomes Tailings (Toxic Waste)

Tailings are the wet, crushed 
rock particles that remain after 
the commodity of value has 
been removed. Typically, the 
tailings are permanently stored 
behind a dam constructed out 
of mine waste.



Waste rock is the rock that must be removed to reach the ore body.
Typically, for every ton of copper ore, 1.86 tons of waste rock are produced. 

Waste rock dump 
from gold mining

For gold, waste-to-metal ratio is 3,046,349 (by far, the highest for any 
commodity).
Copper: Waste-to-metal ratio = 513
Lithium: Waste-to-metal ratio = 1634



Mount Polley mine
British Columbia, Canada

August 4, 2014
24 million cubic meters of tailings

Destruction of salmon habitat

Samarco mine
Mariana, Minas Gerais, Brazil

November 5, 2015
32 million cubic meters of tailings

19 deaths
Runout of 637 kilometers

Córrego do Feijão mine
Brumadindo, Minas Gerais, Brazil

January 25, 2019
9.7 million cubic meters of tailings

272 deaths

What Can Go Wrong?: 
Catastrophic Failure of the Tailings Storage Facility



Skunk Camp Tailings Storage Facility for Resolution Copper Mine 

• Permanent storage 
of 1.37 billion tons 
of toxic tailings

• Dam would be 490 
feet high and 3 
miles long

• Dam would be 
constructed out of 
the toxic tailings 
themselves

MAARCO
Corridor

San Tan Valley



Peter Werner, Senior Mining  Engineer, U.S. Forest Service, Explained the 
Mechanism of Failure of the Skunk Camp Tailings Storage Facility

Although Peter Werner is 
one of the preparers of the 
Final Environmental 
Impact Statement (FEIS), 
this information is not 
available in the FEIS.

2023 Presentation
https://www.youtube.com/
watch?v=P-ix0NES5jo
17:38 - 18:54 

https://www.youtube.com/watch?v=P-ix0NES5jo
https://www.youtube.com/watch?v=P-ix0NES5jo
https://www.youtube.com/watch?v=P-ix0NES5jo
https://www.youtube.com/watch?v=P-ix0NES5jo


Mechanism of Failure of the 
Skunk Camp Tailings Storage Facility

“Let’s go down to the desert where 
Resolution is proposing to put its 
tailings impoundment. Right there at 
the bottom of the drainage, blocking 
all of those side drainages, this thing 
at full buildout is going to be about 
4000 acres. Distances across it are 
measured in miles. It’s going to 
contain 1.4 billion tons of tailings. 
The design is to route all of the run-
on from the surrounding areas over 
the top of this thing and out a notch 
over by the left abutment. What 
makes this especially problematic is 
they are nesting 220 million tons of 
highly concentrated pyrite tailings in 
the center of this thing. So, this 
needs to be very robust and immune 
from any kind of degradation.” 



The FEIS Predicts that, following Failure of the Skunk Camp Facility, the Tailings 
will Travel 268 Miles with a Range of 83-868 Miles

The distance of 868 miles is not the absolute worst-case scenario, 
but the 75th percentile.

The great 
distance is a 
consequence 
of the dam 
height and the 
volume of 
stored tailings.



The distance from Skunk Camp to the Mexican border is 425 miles 
along the Gila and Colorado Rivers 

• The distance from the Mexican border to 
the Gulf of California is another 85 miles

• In 40% of model outcomes, the tailings will 
travel to the Mexican border during the 
initial event. 

• In 36% of model outcomes, the tailings will 
travel to the Gulf of California during the 
initial event.

• After the initial event, normal fluvial 
processes will transport the tailings to the 
Gulf of California.



Tailings Storage Facilities are Permanent
When water retention dams are no longer needed, they must be dismantled. 
They cannot simply be abandoned until they collapse with no maintenance. 

Tailings dams can never be 
dismantled. 
Will they be monitored, inspected, 
maintained, and reviewed forever?
If not, all future generations will 
have to worry about the eventual 
collapse of the tailings dam. 

Dismantling of the Glines Canyon Dam, 
Olympic National Park, Washington, USA



Mining Industry Position: Tailings Storage Facilities 
Require Maintenance in Perpetuity

Society for Mining, Metallurgy and 
Exploration (SME):
“The mining industry has a significant 
challenge in that these TSFs [Tailings 
Storage Facilities] will last for perpetuity. 
Unfortunately, humans have no experience 
in designing facilities to last forever, so 
responsible tailings management is 
required for as long as the TSF exists.” 



U.S. Forest Service Position: Tailings Storage Facilities 
Require Maintenance in Perpetuity

"The U.S. Forest Service recently conducted a risk assessment of a mine 
facility on National Forest System lands using the failure modes and 
effects analysis (FMEA) methodology ... The FMEA showed recurrent 
natural processes (such as wildfire, storm runoff, vegetation succession, 
slope creep, freeze thaw cycling) were the principal drivers behind 
eventual reclamation failure over an extended time horizon. This is due to 
the incremental degradation of individual component performance 
leading to more acute nonperformance and eventual system-wide 
breakdown ... The FMEA participants concluded that the natural 
processes that drove risk would always be present and would slowly 
degrade the reclaimed facilities over time. The only solution to 
maintaining system performance was a commitment to site care and 
maintenance — well, forever ... There is no expiration date on 
reclamation integrity, and mining companies should recognize their 
post-closure care and maintenance obligations may last far longer 
than they have currently planned for and, in some instances, may be a 
forever proposition."



“For closure, system failure is inevitable…”



“Regardless of the return period selected for design 
events, the cumulative failure probability will approach 1.0 
for typical numbers of failure modes and durations. This 
has major implications. For closure conditions, the 
likelihood component of risk becomes unimportant and 
only the consequence component matters … This 
counterintuitive result for closure differs so markedly from 
operating conditions that it bears repeating. In general, 
reducing failure likelihood during closure—through more 
stringent design criteria or otherwise—does not materially 
reduce risk, simply because there are too many 
opportunities for too many things to go wrong. In a 
statistical sense, all it can do is to push failure farther out 
in time. System failure must be accepted as inevitable, 
leaving reduction of failure consequences as the only 
effective strategy for risk reduction during closure.”

“System failure must be accepted as inevitable …”

S.G. Vick
The Use and Abuse of Risk Analysis



“However, full emergency planning is premature, given 
that those efforts are specific to the downstream 
residents and community, and the facility would not begin 
operation—at best—for at least a decade. This remains a 
requirement for any facility built on Federal land, and 
while this would not include Alternative 6 [the Preferred 
Skunk Camp Alternative], emergency planning also is a 
specific requirement of the recently adopted Global 
Industry Standard on Tailings Management … Alternative 
6: As facility would ultimately be located on private land, 
the Forest Service would not have authority to require 
these specific design standards.”

The Resolution Copper FEIS includes no plan for perpetual maintenance, nor 
even any Emergency Preparedness and Response Plan 



Water Use vs. Water Consumption vs. Water Footprint
Water Use = Rate at which water circulates through the mining operation

Water Consumption = Rate at which make-up water is withdrawn from 
groundwater or surface water sources = 
Rate at which water is lost due to evaporation, incorporation into mine waste, 
incorporation into the end product, or returned to a different watershed from 
which it was withdrawn

Water Footprint includes water consumed in generating electricity, 
manufacturing reagents, etc.

The above definition  of water consumption is incomplete.



Alternative Definition: Water Consumption is Water that has been 
Taken Away from some other Consumer (Person or Ecosystem)

Water pumped from an open pit or underground galleries should 
count as water consumption

The open pit at the Morro do Ouro mine in Brazil is 5 
kilometers long, 2 kilometers wide, and 400 meters deep. 
Kinross Gold does not report the rate of pit dewatering or 
count it as water consumption.



Water that is returned to the environment or left in a degraded / 
unusable state should count as water consumption

Pit lake at Anaconda mine, Nevada

Because the pit lake 
evaporates and 
continuously draws in more 
groundwater, the 
consumption and 
degradation of water is 
continuous and permanent.



Precipitation and surface runoff should count as water consumption

Diagram from “QMM Water Report—2021-2023”

Rio Tinto claims zero 
water consumption at the 
QMM mine in 
Madagascar, although the 
diagram shows the input 
of precipitation, surface 
runoff, and shallow 
groundwater to the mining 
operation 



Reinjecting wastewater to a different aquifer from which the 
groundwater was withdrawn should count as water consumption

In Managed Aquifer Recharge, water is returned 
to the same aquifer from which water is 
withdrawn (which would be the only logical 
thing to do). 

• Well owners withdraw groundwater from a particular aquifer (not just from 
groundwater in general)

• Nearly all aquifers discharge into surface water (streams, lakes, wetlands, 
springs). A particular aquifer discharges into a particular surface water body.

Proposed Paradox Lithium Project 
(Utah): The State Engineer has 
ruled that reinjecting spent brine 
into a different aquifer does not 
count as water consumption. 



Consumption of brine should count as water consumption
• Pumping brine aquifers draws fresh water out of other aquifers
• Most brine aquifers discharge at surface sites to saline springs, 

streams and wetlands 
• It is problematic to regard a naturally-occurring water body as 

“nothing” or “useless” or “waste”

Most brine aquifers are fed by fresh water 
that becomes brine as evaporation 
concentrates the salts or as the fresh water 
mixes with the brine.



The Generation of Toxic Waste is the Driver for the 
Consumption of Fresh Water

A mixture of water and 
tailings from the ore 
processing plant is 
hydraulically discharged 
from the crest of the 
tailings dam into the 
tailings pond.

Cobre Dam, Riotinto 
Copper Mine, Spain



Tailings settle out of suspension and the supernatant water is 
pumped back into the mining operation

Evaporation from the 
tailings pond and the 
permanent entrainment 
of water in tailings are 
the major sources of 
water consumption.

Cobre Dam, Riotinto 
Copper Mine, Spain



Predictions of Water Consumption in the Resolution Copper FEIS

“Alternative 6 – Skunk Camp remains the 
Lead Agency’s preferred alternative … This 
alternative would need about 540,000 acre-
feet of groundwater pumped from the 
Desert Wellfield through the life of the mine … 
The wells located within the MARRCO 
corridor have been referred to by various 
terms during the NEPA process and in this 
EIS, including ‘pumping wells,’ ‘recovery 
wells,’ and ‘the Desert Wellfield’.”

540,000 acre-feet = water consumption by 
83,000 Arizona residents over 40 years



“The current recovery well field design consists 
of approximately 30 wells with a capacity of 
approximately 400 gpm (25 L/s) each along the 
MARRCO Corridor between the CAP canal and 
SR 79.”

Resolution Copper Plans for Even Greater Pumping Capacity

30 x 400 gpm x 40 years = 774,000 
acre-feet = water consumption by 
118,000 Arizona residents over 40 
years



Arizona State Land Department Objects to Groundwater Pumping
“ASLD has significant concerns with the withdrawal of an 
estimated 544,858 acre-feet of groundwater in the SVPA 
[Superstition Vistas Planning Area] over the life of the mine, 6.7 
percent of all the groundwater available in the entire East Salt 
River Valley, much of which is STL [State Trust Land] … The 
Project’s groundwater withdrawals will have significant adverse 
impacts on the regional aquifer underlying 275 square miles of 
STL. The FEIS modeling of [Preferred] Alternative 6 shows a 
maximum drawdown of approximately 200 feet in the center of the 
wellfield below current water levels, with declines of 
approximately 100 – 130 feet at its edges. This pumping 
associated with Alternative 6 would decrease the likelihood that 
groundwater could be used for new development in the future as 
hydrological and legal contexts continue to evolve, adding 
additional groundwater depletion to an already stressed 
groundwater sub-basin … The value of the as yet undeveloped STL 
would thus suffer from the potential additional water supply 
obstacles to already committed uses, which could delay or 
eliminate demand for STL.”



Groundwater Depletion is Irreversible
“The Final EIS estimates that Alternative 6 would result in roughly 
24 to 50 inches of subsidence within two miles of the Desert 
Wellfield, which encompasses approximately 20 square miles or 
12,840 acres of STL. The Final EIS reasons that subsidence will 
occur where groundwater withdrawal causes the water table to 
drop below its historically recorded lows. The removal of this 
water will cause the compaction of the earth from which the 
water has been removed … Moreover, as the Final EIS 
acknowledges … subsidence is irreversible, the ground will not 
return to its prior level, and the ground will not be able to store as 
much water as it had previously … the ongoing process of 
subsidence and the potential formation of earth fissures in the 
subsidence area present a risk to the future development of the 
land and the value of STL in the area. As noted in the Final EIS, 
earth fissures can directly damage structures as well as 
infrastructure including roads, utility lines, wells, and 
canals.”



Are San Tan Valley and Resolution Copper competing 
for the same groundwater? 

Is Resolution 
Copper even 
being realistic 
in predicting 
its water 
consumption?



“Rio Tinto has estimated water consumption as 
15,700 acre-feet per year and a possible 
maximum of 20,000 acre-feet per year … 
However, based on the grade and production 
rate, water consumption of 50,000 acre-feet per 
year would be more typical for the copper mining 
industry. Although Rio Tinto states that ‘the mine 
will be operated to maximize internal water 
reuse,’ the General Plan of Operations proposes 
only conventional technologies for water 
efficiency.”

Emerman Report: Resolution Copper has under-predicted their 
water consumption by a factor of about three. 



The FEIS Finds only One “Flaw” in the Analysis by Emerman
“The point made by these public comments is that this disclosed 
water use (16,682 af/yr) is less than that predicted by Dr. Emerman 
from literature estimates (50,000 af/yr) … A review of the same 
literature sources used by Dr. Emerman confirms the point made: 
Resolution Copper water use as disclosed is less than would be 
anticipated, based on other mines. However, Emerman fails to 
examine why this difference exists, but instead assumes it means 
the disclosure is flawed … the data sources used by Dr. Emerman 
fail to account for the type of tailings. Specifically, the Resolution 
Copper Project is using thickened tailings ranging from 50 to 65 
percent solids, compared with 20 to 50 percent solids in a 
conventional tailings slurry … The review of the Emerman report 
demonstrates that the water difference identified by Dr. Emerman 
is due to use of this technology … In other words, the Resolution 
Copper Project uses less water than other mines because the 
proponent has incorporated enhanced technology (thickening) in 
order to reduce water use.”

Note confusion between “water use” and “water consumption.”



Conventional and thickened tailings consume the 
same amount of water

• In both cases, 30 tons 
of solid tailings 
permanently entrain 7 
tons of water.

• As long as there is 
exposed surface water, 
the evaporation is the 
same.

• Significant water 
savings occur only with 
filtered tailings.



Acid Mine Drainage

Red-brown color in discharge from dam drainage 
pipes after water treatment

Morro do Ouro Mine, Paracatu, Minas Gerais, Brazil

Identical color in water from hand-dug wells in 
village of Santa Rita (after addition of bleach)



Acid Mine Drainage: Quick Tutorial
Pyrite (iron sulfide) + oxygen + water → dissolved iron + sulfuric acid

• A sulfide ore contains sulfide minerals 
• Sulfide minerals are typically stable when they are beneath the surface.
• Exposure to oxygen converts sulfide minerals to sulfuric acid.
• Oxidation of sulfide minerals releases the heavy metals that were part of the crystal 

structure.
• Increased acidity in streams causes release of heavy metals attached to stream 

sediments.
• Detrimental impact upon municipal and private water supplies and aquatic health

Left to right:
Pyrite (iron sulfide)
Galena (lead sulfide)
Sphalerite (zinc 
sulfide)



There are no examples of sulfide-ore mines that have been 
operated and closed without environmental pollution

All candidates for 
sulfide-ore mines 
that have been 
operated and closed 
without 
environmental 
pollution actually 
have extensive 
records of pollution.



“Samples of the tailings we call NPAG in reality are 
classified roughly as 15 percent acid generating, 41 
percent non-acid generating, and 44 percent PAG … use 
of the term NPAG does not mean there is a complete 
lack of acid generation capacity in these samples.”

The Skunk Camp facility would separately store PAG 
tailings and “NPAG” tailings

PAG = Potentially Acid Generating
NPAG = Non-Potentially Acid Generating (but not really)



The “NPAG” tailings are treated as if they really were 
non-acid generating

• The dam will be 
constructed out of NPAG 
tailings, so that the dam 
itself will be a source of 
acid mine drainage.

• The PAG tailings will be 
kept submerged to avoid 
oxidation, but not the 
NPAG tailings.

• The PAG tailings will be 
gradually covered with 
NPAG tailings.



But doesn’t the world need copper (battery metals, rare earth 
elements, hydrogen bombs, hypersonic missiles, artificial 

intelligence, etc., etc.)?
The “world” is not some kind of giant community meeting where everyone has 
an equal voice and everyone shares equally in all benefits, harms and risks.

Political decisions result from 
interactions among political actors, 
often with profound differentials in 
power.
Mines exist because people who will 
benefit from the mines have more 
power than those who will suffer the 
harms and bear the risks.



Who would benefit from the Resolution Copper mine?

• Rio Tinto is a British-Australian company.
• The largest shareholder in Rio Tinto is Chinalco (Aluminum 

Corporation of China), a Chinese state-owned company.
• The copper concentrate (including the critical minerals indium, 

silver, rhenium, tellurium, and bismuth plus the DOD strategic 
material molybdenum) would be shipped to China for processing.

• China could then sell or choose not to sell the refined copper plus 
other critical minerals and strategic materials back to the US 



Thanks for listening!

Please feel free to contact Prof. Steven Emerman with any questions
E-mail: SHEmerman@gmail.com 
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