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ENVIRONMENTAL PROTECTION
AGENCY

40 CFR Parts 9 and 63
[EPA-HQ-OAR-2010-0239; FRL-9140-7]
RIN 2060-AP48

National Emission Standards for
Hazardous Air Pollutants: Gold Mine
Ore Processing and Production Area

Source Category and Addition to
Source Category List for Standards

AGENCY: Environmental Protection
Agency (EPA).
ACTION: Proposed rule.

SUMMARY: EPA is proposing to add the
gold mine ore processing and
production area source category to the
list of source categories subject to
regulation under the hazardous air
pollutant section of the Clean Air Act
(CAA) due to their mercury emissions.
EPA is also proposing national mercury
emission standards for this category
based on the emissions level of the best
performing facilities which are well
controlled for mercury. EPA is soliciting
comments on all aspects of this
proposed rule.

DATES: Comments must be received on
or before May 28, 2010 unless a public
hearing is requested by May 10, 2010. If
a hearing is requested on this proposed
rule, written comments must be
received by June 14, 2010. Under the
Paperwork Reduction Act, comments on
the information collection provisions
must be received by the Office of
Management and Budget (OMB) on or
before May 28, 2010.

ADDRESSES: Submit your comments,
identified by Docket ID No. EPA-HQ-
OAR-2010-0239, by one of the
following methods:

e Follow the on-line instructions for
submitting comments at the following
Web address: http://
www.regulations.gov.

e E-mail: Comments may be sent by
electronic mail (e-mail) to
a-and-r-Docket@epa.gov, Attention
Docket ID No. EPA-HQ-OAR-2010—
0239.

e Fax:Fax your comments to: (202)
566—9744, Attention Docket ID No.
EPA-HQ-OAR-2010-0239.

e Mail: Send your comments to: Air
and Radiation Docket and Information
Center, Environmental Protection
Agency, Mailcode: 2822T, 1200
Pennsylvania Ave., NW., Washington,
DC 20460, Attention: Docket ID No.
EPA-HQ-OAR-2010-0239. Please
include a total of two copies. In
addition, please mail a copy of your
comments on the information collection

provisions to the Office of Information
and Regulatory Affairs, Office of
Management and Budget (OMB), Attn:
Desk Officer for EPA, 725 17th St., NW.,
Washington, DC 20503.

e Hand Delivery or Courier: Deliver
your comments to EPA Docket Center,
Room 3334, 1301 Constitution Ave.,
NW., Washington, DC 20460. Such
deliveries are only accepted during the
Docket Center’s normal hours of
operation, and special arrangements
should be made for deliveries of boxed
information.

Instructions: Direct your comments to
Docket ID No. EPA-HQ-OAR-2010-
0239. EPA’s policy is that all comments
received will be included in the public
docket without change and may be
made available online at http://
www.regulations.gov, including any
personal information provided, unless
the comment includes information
claimed to be confidential business
information (CBI) or other information
whose disclosure is restricted by statute.
Do not submit information that you
consider to be GBI or otherwise
protected through http://
www.regulations.gov or e-mail. The
http://www.regulations.gov Web site is
an “anonymous access” system, which
means that EPA will not know your
identity or contact information unless
you provide it in the body of your
comment. If you send an e-mail
comment directly to EPA without going
through http://www.regulations.gov,
your e-mail address will be
automatically captured and included as
part of the comment that is placed in the
public docket and will be made
available on the Internet. If you submit
an electronic comment, EPA
recommends that you include your
name and other contact information in
the body of your comment and with any
disk or CD-ROM you submit. If EPA
cannot read your comment due to
technical difficulties and cannot contact
you for clarification, EPA may not be
able to consider your comment.
Electronic files should avoid the use of
special characters, any form of
encryption, and be free of any defects or
viruses.

Docket: All documents in the docket
are listed in the http://
www.regulations.gov index. Although
listed in the index, some information is
not publicly available (e.g., CBI or other
information whose disclosure is
restricted by statute). Certain other
material, such as copyrighted material,
will be publicly available only in hard
copy form. Publicly available docket
materials are available either
electronically in http://
www.regulations.gov or in hard copy at

the EPA Docket Center, Public Reading
Room, EPA West, Room 3334, 1301
Constitution Ave., NW., Washington,
DC. The Public Reading Room is open
from 8:30 a.m. to 4:30 p.m., Monday
through Friday, excluding legal
holidays. The telephone number for the
Public Reading Room is (202) 566—1744,
and the telephone number for the Air
Docket is (202) 566-1742.

FOR FURTHER INFORMATION CONTACT: For
questions about these proposed
standards for gold mine ore processing
and production, contact Mr. Chuck
French, Sector Policies and Program
Division, Office of Air Quality Planning
and Standards (D243-02),
Environmental Protection Agency,
Research Triangle Park, North Carolina
27711, telephone number (919) 541—
7912; fax number (919) 541-3207, e-
mail address: french.chuck@epa.gov.
SUPPLEMENTARY INFORMATION: The
information presented in this preamble
is organized as follows:

I. General Information

A. Does this action apply to me?

B. What should I consider as I prepare my
comments to EPA?

C. Where can I get a copy of this
document?

D. When would a public hearing occur?

1I. Addition to Section 112(c)(6) Source
Category List
I1I. Background Information

A. What is the statutory authority and
regulatory approach for the proposed
standards?

B. What source category is affected by the
proposed NESHAP?

C. What are the production operations,
emission sources, and available controls?

IV. Summary of the Proposed Standards

A. Do these proposed standards apply to
my facility?

B. When must I comply with the proposed
standards?

C. What are the proposed standards?

D. What are the testing and monitoring
requirements?

E. What are the notification, recordkeeping,
and reporting requirements?

F. What are the title V permit
requirements?

G. Emissions of Non-Mercury HAPs

H. Request for Comments

V. Rationale for the Proposed Standards

A. How did we select the affected source?

B. How did we determine MACT?

C. How did we select the testing,
monitoring, and electronic reporting
requirements?

VI. Impacts of the Proposed Standards

A. What are the emissions, cost, economic,
and non-air environmental impacts?

B. What are the health benefits of reducing
mercury emissions?

VII. Statutory and Executive Order Reviews

A. Executive Order 12866: Regulatory
Planning and Review

B. Paperwork Reduction Act

C. Regulatory Flexibility Act

D. Unfunded Mandates Reform Act
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E. Executive Order 13132: Federalism

F. Executive Order 13175: Consultation
and Coordination With Indian Tribal
Governments

G. Executive Order 13045: Protection of
Children From Environmental Health
and Safety Risks

H. Executive Order 13211: Actions
Concerning Regulations That

Significantly Affect Energy Supply,
Distribution, or Use

I. National Technology Transfer and
Advancement Act

J. Executive Order 12898: Federal Actions
To Address Environmental Justice in
Minority Populations and Low-Income
Populations

I. General Information
A. Does this action apply to me?

The regulated categories and entities
potentially affected by the proposed
standards include:

Category NAICS Code '

Examples of regulated entities

Industry:

Gold Ore Mining 212221

Establishments primarily engaged in developing the mine site, mining, and/or beneficiating (i.e.,
preparing) ores valued chiefly for their gold content. Establishments primarily engaged in trans-
formation of the gold into bullion or dore bar in combination with mining activities are included

in this industry.

1 North American Industry Classification System.

This table is not intended to be
exhaustive, but rather provides a guide
for readers regarding entities likely to be
affected by this action. To determine
whether your facility would be
regulated by this action, you should
examine the applicability criteria in 40
CFR 63.11640 of subpart EEEEEEE
(National Emission Standards for
Hazardous Air Pollutants: Gold Mine
Ore Processing and Production Area
Source Category). If you have any
questions regarding the applicability of
this action to a particular entity, consult
either the air permit authority for the
entity or your EPA Regional
representative, as listed in 40 CFR 63.13
of subpart A (General Provisions).

B. What should I consider as I prepare
my comments to EPA?

Do not submit CBI to EPA through
http://www.regulations.gov or e-mail.
Send or deliver information identified
as GBI only to the following address:
Roberto Morales, OAQPS Document
Control Officer (C404—-02), Office of Air
Quality Planning and Standards,
Environmental Protection Agency,
Research Triangle Park, NC 27711,
Attention: Docket ID No. EPA-HQ-
OAR-2010-0239. Clearly mark the part
or all of the information that you claim
to be CBI. For CBI contained in a disk
or CD-ROM that you mail to EPA, mark
the outside of the disk or CD-ROM as
CBI and then identify electronically
within the disk or CD—ROM the specific
information that is claimed as CBI. In
addition to one complete version of the
comment that includes information
claimed as CBI, a copy of the comment
that does not contain the information
claimed as CBI must be submitted for
inclusion in the public docket.
Information so marked will not be
disclosed except in accordance with
procedures set forth in 40 CFR part 2.

C. Where can I get a copy of this
document?

In addition to being available in the
docket, an electronic copy of this
proposed action will also be available
on the Worldwide Web (WWW) through
the Technology Transfer Network
(TTN). Following signature, a copy of
the proposed action will be posted on
the TTN’s policy and guidance page for
newly proposed or promulgated rules at
the following address: http://
www.epa.gov/ttn/oarpg/. The TTN
provides information and technology
exchange in various areas of air
pollution control.

D. When would a public hearing occur?

If anyone contacts EPA requesting to
speak at a public hearing concerning
this proposed rule by May 10, 2010, a
public hearing will be held on May 13,
2010. If you are interested in attending
the public hearing, contact Ms. Pamela
Garrett, Metals and Minerals Group
(D243-02), Sector Policies and Programs
Division, U.S. EPA, Research Triangle
Park, NC 27711, telephone (919) 541—
7966 e-mail address:
garrett.pamela@epa.gov to verify that a
hearing will be held. If a public hearing
is held, it will be held at EPA’s campus
located at 109 T.W. Alexander Drive in
Research Triangle Park, NC, or an
alternate site. If a hearing is requested
by May 10, 2010, any persons interested
in presenting oral testimony at that
hearing should contact Ms. Pamela
Garrett at least 2 days in advance of the
date of the public hearing.

I1. Addition to Section 112(c)(6) Source
Category List

Section 112(c)(6) of the CAA requires
that EPA list categories and
subcategories of sources assuring that
sources accounting for not less than 90
percent of the aggregate emissions of
each of the seven specified Hazardous
Air Pollutants (HAP) are subject to

standards under section 112(d)(2) or
(d)(4). The seven HAP specified in
section 112(c)(6) are as follows:
alkylated lead compounds, polycyclic
organic matter, hexachlorobenzene,
mercury, polychlorinated biphenyls,
2,3,7,9-tetrachlorodibenzofurans, and
2,3,7,8-tetrachloridibenzo-p-dioxin.

In 1998, EPA published a list of
section 112(c)(6) categories (63 FR
17838, April 10, 1998). At that time,
there was very little available
information on mercury emissions from
gold mine ore production and
processing. Since the 1998 notice, a
substantial amount of data and
information have become available on
mercury emissions from this source
category. For example, in 2000, the first
estimates of mercury emissions from
this source category were published in
the Toxics Release Inventory (TRI),
largely because of the lower TRI
reporting threshold for mercury that
went into effect about that time.
Following this, from 2001 to 2005,
additional data and information were
collected through the Voluntary
Mercury Reduction Program (VMRP),
which was a collaborative agreement
between the State of Nevada Division of
Environmental Protection (NDEP),
EPA’s Region 9 Office, and four gold
mining companies. Then, in 2005-2006
the EPA’s Office of Air Quality Planning
and Standards (OAQPS) and the NDEP
sent questionnaires to a number of
companies seeking additional
information and data on mercury
emissions. Moreover, starting in 2007
the NDEP has been requiring all
facilities in Nevada to conduct annual
mercury emissions tests. Based on these
data collected over the past several
years, along with information about the
industry processing and production
levels and activities in the early 1990s,
EPA has estimated that the gold mine
ore processing and production emitted
about 4.4 tons of mercury during the
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baseline year (i.e., in 1990). These
estimated mercury emissions in the
1990 inventory for gold mine ore
processing and production are based on
emissions from the following thermal
processes at gold mine ore processing
and production facilities: roasters,
autoclaves, carbon kilns, pregnant
storage solution tanks (“preg tanks”),
electrowinning, melt furnaces, and
retorts. We have updated our 1990
baseline emission inventory for section
112(c)(6) to reflect this contribution of
mercury from gold mine ore processing
and production and determined that
this area source category contributed to
the 90 percent of the aggregate
emissions of mercury in 1990.
Consequently, we are adding the gold
mine ore processing and production
area source category to the list of source
categories under section 112(c)(6) on the
basis of mercury emissions.

III. Background Information

A. What is the statutory authority and
regulatory approach for the proposed
standards?

As mentioned above, CAA section
112(c)(6) requires that EPA set standards
under section 112(d)(2) or (d)(4). The
mercury standards for the gold mine ore
processing and production area source
category are being established under
CAA section 112(d)(2), which requires
MACT level of control. Under CAA
section 112(d), the MACT standards for
existing sources must be at least as
stringent as the average emissions
limitation achieved by the best
performing 12 percent of existing
sources (for which the administrator has
emissions information) for source
categories and subcategories with 30 or
more sources, or the best performing 5
sources for categories and subcategories
with fewer than 30 sources (CAA
section 112(d)(3)(A) and (B)). This level
of minimum stringency is called the
MACT floor. For new sources, MACT
standards must be at least as stringent
as the emission control that is achieved
in practice by the best controlled similar
source (CAA section 112(d)(3)). EPA
also must consider more stringent
“beyond-the-floor” control options.
When considering beyond-the-floor
options, EPA must consider not only the
maximum degree of reduction in
emissions of HAP, but must take into
account costs, energy, and nonair
quality health and environmental
impacts when doing so.

B. What source category is affected by
the proposed NESHAP?

The gold mine ore processing and
production area source category consists

of facilities engaged in processing gold
ore to recover gold using one or more of
the following process units: roasters,
autoclaves, carbon kilns, melt furnaces,
mercury retorts, electrowinning, and/or
pregnant solution tanks. There were
approximately 21 gold mine ore
processing and production facilities
operating these processes in the United
States (U.S.) in 2008. The majority and
the largest of these facilities are located
in Nevada. The other facilities currently
operating are in Alaska, California,
Colorado, Montana, and Washington. In
2007, the U.S. gold mine industry
produced about 240 metric tons of gold,
and the value of gold mine production
was about $5.1 billion.

C. What are the production operations,
mercury emission sources, and available
controls?

All gold mine operations in the U.S.
begin by mining ores, generally using
large earth moving equipment. The ore
is then subject to crushing operations.
After crushing, some ore may be pre-
treated by roasting or autoclaving.
Subsequent to these operations the ore
undergoes some type of leaching
process using a dilute cyanide solution.
The cyanide binds with the gold (and
various impurities including mercury)
to produce a “pregnant” solution. The
pregnant solutions are further processed
using various thermal processes (e.g.,
electrowinning, retorts and furnaces) to
recover gold. The gold mine ore
processing and production area source
category covers the thermal processes
that occur after the crushing, including
roasting operations (i.e., ore dry
grinding, ore preheating, roasting, and
quenching), autoclaves, carbon kilns,
electrowinning, preg tanks, retorts and
furnaces. Further details of the gold
production processes are described in
section C.2 below.

1. Historical Background on Mercury
Emissions

Mercury, which is naturally present
in the ores in various concentrations,
enters the gold recovery processes with
the gold mine ore. Most of this mercury
is recovered as a by-product in the form
of liquid elemental mercury, or as a
mercury precipitate, placed in closed
containers, and stored or sold to
commercial metal companies. In
addition, a notable amount of mercury
is currently captured by mercury
emission control devices (e.g., in carbon
media) and is not recovered for sale.
Nevertheless, some portion of the
mercury in the ore is liberated to the air
during the thermal processes resulting
in mercury emissions to the atmosphere.
Without emissions controls the

potential for mercury emissions from
these facilities would be quite high.

In May 2000, EPA published the first
estimates of mercury emissions for gold
mine ore processing and production
facilities as part of the EPA’s TRI for
year 1998. Total mercury air emissions
reported to the TRI in the 1998-2001
timeframe for this source category were
about 14,000 pounds per year. However,
EPA estimated (in the 1999 National
Emissions Inventory) that total mercury
emissions from this category were
higher (about 23,000 pounds in 1999),
and the mining industry reported
emissions to be 21,000 pounds in 2001.
Even at that time, some facilities had
controls on processes to limit mercury
emissions. Early efforts to reduce or
limit mercury emissions were due in
part to concerns about worker exposure
to mercury. For example, for years
facilities that were processing ores with
higher levels of mercury have been
using retorts to condense and capture
the mercury in liquid elemental form.
Moreover, two of the largest facilities
have been using mercury specific
emissions controls on their roasters
since the mid-1990s. Also, a number of
facilities had carbon adsorption beds to
control mercury emissions on various
thermal process units prior to 2001. We
estimate that without these early
controls the potential emissions would
have been much higher than 23,000
pounds (at least 37,000 pounds).

Since 2001, mercury emissions from
gold mine ore processing and
production have been further reduced.
The reductions achieved since 2001
were obtained through programs
implemented by the NDEP, EPA, and
industry. The first program for reducing
mercury emissions from these facilities
was the Voluntary Mercury Reduction
Program (VMRP). The VMRP was a
voluntary partnership between the
NDEP, EPA Region 9, and four large
gold mining companies. The main goal
of the VMRP, which was officially
adopted in June 2002, was to achieve
significant, permanent and rapid
reductions in mercury air emissions
from precious metal processing
operations. The VMRP focused on 5
large facilities in Nevada that accounted
for most of the reported emissions in
2001. Some mercury emission
reductions were quickly achieved by
adding emission controls to some of the
thermal units that emit mercury at these
facilities.

To achieve further reductions in
mercury emissions, the NDEP converted
the VMRP into a regulatory program,
called the Nevada Mercury Control
Program (NMCP). As described on the
NDEP Web site, the NMCP is a State



Federal Register/Vol. 75, No. 81/Wednesday, April 28, 2010/Proposed Rules

22473

regulatory program that supersedes and
replaces the VMRP and requires best
available mercury emissions control
technology on all thermal units located
at all precious metal mines in Nevada.
The NMCP was adopted March 8, 2006
and made effective May 4, 2006. The
NMCEP is a case-by-case permit program
in 2 phases. The NMCP also had an
early reduction program, which
provided incentives for facilities to add
controls within the first 2 years of the
program (by mid-2008). A few facilities
in Nevada took advantage of the early
reduction program and added mercury
specific controls (sulfur impregnated
carbon filters) in 2007 on various
thermal units.

In Phase 1 of the NMCP, which has
recently been completed, permits were
issued that require comprehensive work
practice standards for the proper
operation of existing mercury controls
and the operations of the thermal units
to minimize mercury emissions until
specific controls are identified later
under Phase 2 of the program. Phase 1
also required annual stack testing, site
inspections and emissions reporting to
collect data to assist in mercury
emissions controls determinations in
Phase 2. Emissions data collected in
Phase 1 of the NMCP were used in the
development of this proposed rule.
Phase 2 has begun issuing permits and
all permits are scheduled for issuance
by the end of calendar year 2010.
Implementation of controls will begin
shortly after permit issuance. The Phase
2 permit process is a technology review
and engineering analysis to determine
the best available control technology
and mercury emission limits. Controls
and mercury emissions limits will be
determined on a case-by-case analysis
and will be unique to the individual
unit (not universal for the unit type).
The NMCP is a control-based program
that will require thermal units in
Nevada to have a best available mercury
control technology installed. The NDEP
and EPA have coordinated on the
review and analyses of data on
emissions, controls, and monitoring
approaches for mercury emissions from
this category, and collaborated to assure
that the State program could co-exist
and provide an additional level of
control for facilities in Nevada while
working in concert with the proposed
National standards.

As described further below, several
facilities already have effective mercury
emissions controls in place on various
thermal units. We expect that a number
of other facilities will need to add
mercury controls to comply with
emissions limits set forth in this

NESHAP, resulting in further emissions
reductions from this category.

2. Description of Gold Mine Ore
Processing and Production

The gold mine ore processing and
production source category consists of
the following processes: roasting
operations, autoclaves, carbon
regeneration kilns, electrowinning cells,
pregnant solution tanks, mercury
retorts, and melt furnaces. Each facility
may not have every one of these
processes because there are different
production paths that can be taken to
recover gold from mine ore. Mercury
can be emitted from each of these
thermal processes. Some of these
processes are already well controlled for
mercury emissions; however, there are
some process units at several plants that
are only partly controlled or
uncontrolled for mercury.

The first step in gold mining is
extracting the gold-containing ores from
surface or undergrounds mines,
generally by using large-scale
earthmoving equipment. Samples of ore
are examined to determine grade and
metallurgical characteristics. Broken
rock is marked by type for efficient
processing. Based on its metallurgical
makeup, the ore is delivered to the
proper processing location. Low grade
ore is roughly broken into small chunks,
and high grade ore is delivered to a
grinding mill, where the ore is
pulverized to a powder (milled ore).

Depending on its metallurgical and
other characteristics, the ore may be
pretreated in a roaster or autoclave prior
to leaching, or it may be sent directly to
a leaching circuit without pretreatment.
The two main types of ore are oxide ore
and refractory ore. If the process of
cyanide leaching can extract most of the
gold contained in an ore with no
pretreatment, the ore is referred to as
oxide ore; otherwise, the ore is
described as refractory ore. Oxide ore is
sent directly to the leaching circuit
where cyanide is used to liberate the
gold. However, refractory ores contain
organic carbon and/or sulfide mineral
grains which inhibit the efficient
recovery of gold during cyanide
leaching. Roasters and autoclaves are
used to oxidize the ore and remove
these components. Refractory ore
containing carbon and sulfur is roasted
to over 1000 °F, burning off the sulfide
and carbon. The product of this process,
which is now basically an oxide ore, is
routed to a leaching circuit. Sulfide
refractory ore without carbon is
oxidized in an autoclave to liberate the
gold from sulfide minerals; then it is
sent to a leaching circuit. At all

facilities, the ores are eventually sent to
some type of cyanide leaching process.

Lower grade oxide ores generally
undergo a heap leaching process,
whereby the ore is spread over large
areas and dilute cyanide solution is
slowly dripped through and collected
on liners and channels. During the
leaching process, cyanide binds with
gold and other elements (including
mercury) producing a “pregnant”
cyanide solution. At most facilities that
use this process, the next step involves
pumping the pregnant cyanide-gold
solution to tanks with activated carbon
where the gold is adsorbed (collected)
out of solution onto the activated
carbon, and the remaining cyanide
solution is largely recycled. This carbon
adsorption step that follows the cyanide
leaching is generally referred to as the
“carbon-in-column” process.

Higher grade ores are generally
milled. If the ore is a higher grade
“oxide ore,” it is milled and then
generally sent directly to carbon-in-
leach processes where activated carbon
is added along with the milled ore and
cyanide solution in tanks where the
cyanide-gold complexes adsorb onto
activated carbon. In these units the
leaching and carbon adsorption occur
together. If the higher grade ore is a
refractory ore, it is roasted or autoclaved
first, then it is sent to carbon-in-leach
processes.

However, a few facilities do not use
carbon. Instead, these facilities use a
different, zinc precipitate process,
which is described later in this
preamble.

At all the facilities that use a carbon
adsorption process, the gold loaded
carbon (which also contains mercury
and other constituents) is moved into a
vessel where the gold is chemically
stripped from the carbon typically by
using a concentrated caustic cyanide
solution, producing a concentrated
cyanide-gold solution. Gold (along with
other metals and minerals) is drawn
from this concentrated solution
electrolytically (in electrowinning cells).
The concentrate from the
electrowinning cells is usually sent to a
filter press to remove excess moisture
and then to a retort followed by a melt
furnace. However, some facilities do not
have retorts. These facilities dry the
concentrate and then feed it directly to
the melt furnace. Either way, the gold is
melted in furnaces into dore
(pronounced “doh-rey”) bars containing
up to 90 percent gold. Dore bars are
subsequently sent to an external refinery
to be refined to bars of 99.9 percent or
more pure gold. The processing steps
are discussed in more detail below. For
processing steps that emit mercury, the
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discussion below also describes the
points of mercury emissions and
available controls for such emissions.

3. Pretreatment of Refractory Ore

As mentioned above, refractory ores
have to be pretreated by furnace
oxidation (ore roasting) and/or pressure
oxidation (autoclaving) before they can
be ready for cyanide leaching.

Roasting Operations. The roasting
operations that are sources of mercury
emissions include ore dry grinding
where the ore is ground and dried,
preheating prior to roasting, roasting,
and quenching. The roaster is by far the
process unit with the greatest potential
for mercury emissions because of the
large quantity of ore processed and the
high roasting temperatures, which
readily volatilize available mercury
from the ore. The mercury
concentrations in the roasted ores are
high enough that elemental mercury can
be recovered from the roaster exhaust
gas by condensation. The emission
potential of the ancillary roasting
operations (dry grinding, pre-heating
and quenching) are much less than
those from the roaster because they are
operated at much lower temperatures.
Dry grinding of the ore prior to roasting
is primarily a source of particulate
matter (PM) emissions; consequently,
baghouses are used for PM emission
control. Ore preheaters used to raise the
ore temperature to facilitate roasting are
typically equipped with baghouses or
wet scrubbers, which control particulate
and some oxidized mercury. Emissions
from quenching (when the roasted ore is
cooled) are controlled by wet scrubbers,
which remove particulate and some
oxidized mercury.

Ore roasting is a combustion process
where the milled ore is oxidized in a
fluidized bed roaster. During the
combustion process, ore components
that interfere with the cyanide leaching
of gold are oxidized and therefore
removed. As the ore exits the
combustion chamber, it typically enters
a quench process, where the
temperature is reduced by contact with
cooling water and the generation of
steam. The steam from the quench
process is used as a heat source in other
processes at the mill, or may be sent
directly to a cooling tower.

There are three gold mine ore
processing and production facilities that
have a total of six roasters. The mercury
emissions generated during roasting are
mainly in gaseous elemental or oxidized
forms of mercury. A very small portion
of the mercury emitted is in particulate
or particulate-bound form. Each of these
roasters has complex gas treatment
systems to control not only these forms

of mercury, but also to control PM,
sulfur dioxide (SO), nitrogen oxides
(NOx), and carbon monoxide (CO). The
PM control devices remove particulate
mercury and some oxidized mercury. A
significant amount of the elemental
mercury is removed and recovered by
condensation (either in a condenser or
gas cooling device), and the three
facilities with roasters use mercuric
chloride scrubbers. These scrubbers use
a mercuric chloride scrubber liquor to
complex with mercury in the exhaust
gas to precipitate a mercurous chloride
byproduct (calomel). These scrubbers
are also referred to as “calomel
scrubbers.” The calomel precipitate is
subsequently removed and is either sent
to electrowinning to recover the
mercury, disposed of offsite as a waste
material, or a portion may be
chlorinated to create fresh mercuric
chloride for the calomel scrubber liquor.
An example of the emissions controls
and gas treatment train for a roaster
includes a hot gas electrostatic
precipitator (ESP), wash tower, gas
coolers, fluorine tower, wet ESP,
calomel scrubber, acid plant (for
removal of SO, and conversion to
sulfuric acid product), peroxide
scrubber (to control NOx), and
regenerative thermal oxidizer (for CO).

Autoclaves. Autoclaves are pressure
oxidation vessels that are used to
pretreat ores to increase gold recovery
by cyanide leaching. The milled ore is
mixed with water to form a slurry, and
is then acidified with sulfuric acid. The
acidified slurry is then pumped into the
autoclave vessel, where oxygen is used
to increase the vessel pressure to over
300 pounds per square inch, and the
slurry is heated to 350 °F to 430 °F. The
slurry is agitated in the reaction vessel
and is then discharged to a pressure
relief chamber. There the liquid content
is flashed to steam, recovered, and
returned to the pressurized segment of
the vessel.

Most mercury is present in the gold
ore as mercury sulfide, and during
autoclaving, the mercury sulfide
combines with oxygen to form mercury
sulfate, which dissociates to some
degree in the slurry. Consequently, the
mercury present in gaseous emissions
from the autoclave is mainly in the
oxidized form.

Three facilities have a total of eight
autoclaves. All of the autoclaves are
equipped with wet venturi scrubbers,
which remove most of the particulate
mercury and a significant portion of the
oxidized mercury present in the
emissions. Venturi scrubbers have a
specially designed “throat” that
increases the gas speed through the
throat and shears spray droplets to

smaller sizes, which enhances mixing of
the droplets and particles and increases
coagulation and collection.

4. Leaching

As mentioned above, leaching
generally takes place either directly after
crushing or milling, or after roasting or
