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Section 2: Advanced Well Stimulation Technologies

permeability of the reservoir and viscosity of the oil are used to define conventional and 
unconventional. This definition is a more useful guide to the conditions amenable to well 
stimulation, in part because it does not include the geographic aspect (“large area”) of  
the first definition.

Figure 2-1. Definition of unconventional hydrocarbon resource (Cander, 2012)

The threshold between conventional and unconventional is defined by practical  
considerations. Unconventional resources require the use of technology to alter either  
the rock permeability or the fluid viscosity in order to produce the oil at commercially 
competitive rates. Conversely, conventional resources can be produced commercially  
without altering permeability or viscosity (Cander, 2012). This report focuses on WST  
for reservoirs that are unconventional due to low permeability, but this definition of  
unconventional oil resources also highlights methods for reservoirs that are unconventional  
due to high oil viscosity. Thermal methods are used to allow production of exceedingly 
viscous oil (Prats, 1982). Such hydrocarbons are called “viscous oil” or “heavy oil.” Thermal  
methods lower oil viscosity by heating the reservoir, most commonly through steam or hot 
water injection (Farouq Ali, 2003). According to the California Division of Oil, Gas and 
Geothermal Resources (DOGGR), a majority of the oil produced onshore in California now 
involves steam injection (DOGGR, 2010). 
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ABSTRACT
There has been considerable public interest regarding the toxicity of
chemicals used in hydraulic fracturing, but little is known about its
sister technique, acidizing. Little to no research has been done on
what the chemicals of acidization are and what impact they could
have on humans and the environment. This paper discusses the
differences between three acidizing techniques (acid maintenance,
matrix acidization, and acid fracturing) and quantifies the amounts
of the chemicals used for each. Washington State’s Quick Chemical
Assessment Tool is used to identify F-graded toxins, which are
known carcinogens, mutagens, reproductive toxins, developmental
toxins, endocrine disruptors, or high acute toxicity chemicals. The
analysis of the present data shows that there have been over 600
instances of acidizing in urbanized Southern and Central California
from April 2013 to August 2015. Although most of the chemicals of
acidizing are similar to hydraulic fracturing, those used most
frequently are different. There are close to 200 specific chemicals
used in acidization, with at least 28 of them being F-graded
hazardous chemicals. Some are used frequently in the range of
100!1000 kg per treatment, such as hydrofluoric acid, xylene,
diethylene glycol, and ethyl benzene. Close to 90 more chemicals
are identified using non-specific names as trade secrets or reported
with no quantity. Unlike hydraulic fracturing the chemical
concentrations in acidizing are high, ranging from 6% to 18%, and
the waste returns can be highly acidic, in the range of pH 0!3. With
this paper it is hoped that acidization becomes part of the larger
discussion on concerns with oil exploration and be evaluated by
appropriate authorities.

KEYWORDS
Toxicity; acidizing; oil
exploration; hydraulic
fracturing; hazard
assessment

1. Introduction

Unconventional oil exploration has led to greater energy independence for the USA. It has
also raised concerns among the public, NGOs, and policymakers regarding harmful
impacts. While researchers have begun exploring the potential impacts of hydraulic frac-
turing more seriously, impacts from acidizing are not being examined as closely. It is
important that acidizing be a bigger part of the discussion to protect the public and envi-
ronment from potential harm.

CONTACT Khadeeja Abdullah Khadeeja@ucla.edu
Supplemental data for this article can be accessed at http://dx.doi.org/10.1080/02772248.2016.1160285.
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The overall objective of this paper is to identify potential human health risks and envi-
ronmental hazards associated with acidizing that require further evaluation for responsi-
ble decision-making. This paper discusses the differences between three acidizing
techniques (acid maintenance, matrix acidization, and acid fracturing) and quantifies the
type and amounts of the chemicals used in them. Washington State’s Quick Chemical
Assessment Tool (QCAT) is used to identify F-graded toxins, which are known carcino-
gens, mutagens, reproductive toxins, developmental toxins, endocrine disruptors, or high
acute toxicity chemicals. QCAT is based on methodology developed by the United States
Environmental Protection Agency’s (EPA) Design for the Environment program. It looks
at various toxicological endpoints (i.e. carcinogenicity, neurotoxicity, etc.) to assign chem-
icals a hazard grade.

Recently, the California Council on Science and Technology published chemical infor-
mation for matrix acidization. This chemical information was gathered primarily from
the California Department of Conservation’s Division of Oil, Gas, and Geothermal
Resources (DOGGR). Here, we will use the chemical information from DOGGR as well
as the South Coast Air Quality Monitoring District (SCAQMD) to discuss all the acidizing
treatment types as well as look at different toxicological endpoints to assign a QCAT haz-
ard grade.

1.1. Description of acidizing techniques

The first use of acids in oil exploration was in 1895, but because of acid attack on metal in
the wellbore it was not used much (Putman 1933). The modern-day use of acid in oil
stimulation began in the 1930s when it was discovered that corrosion inhibitors could
stop acid attack on metal. Commercial use of acids finally began in the 1950s (Williams,
Gidley, and Schechter 1979). The idea of using acids for oil stimulation or cleaning a well-
bore is an old concept, but the chemicals, volumes, and techniques used in acidizing have
evolved.

Acid is used in oil wells as part of three different techniques: acid maintenance, matrix
acidization, and acid fracturing. Acid maintenance is a routine procedure used to remove
deposits formed on well surfaces, also known as scale. In acid maintenance, operators
inject acid solutions at a specific location in the wellbore to react with the scale. The scale
is thus cleaned off the surfaces of the wellbore and equipment without any acid penetrat-
ing into the formation (Robertson, Chilingarian, and Kumar 1989).

The second technique, matrix acidization, is used to remove formation damage (i.e.
blocked oil/gas pathways) around the wellbore and/or increase reservoir rock permeabil-
ity. Permeability is a characteristic that allows oil and gas to flow through the rock rather
than be stuck in pores. Operators inject acid solutions into the well to etch away at the res-
ervoir rock, creating channels for oil and gas to flow through. Matrix acidization does not
fracture the formation. Solutions are injected at pressures below the pressure required to
fracture the rock, also known as fracture pressure (Robertson, Chilingarian, and Kumar
1989). Matrix acidizing in carbonate formations can nonetheless create small channels or
tubes called wormholes that can propagate as much as 6.1 m (20 feet) into the formation,
as carbonates are easily dissolved by acids. This is similar to the result of a small hydraulic
fracturing treatment (CCST 2014). However, in sandstone, acid dissolution is limited to a
much smaller distance of 0.3!0.6 m (1!2 feet) into the formation because the silica
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matrix is harder to dissolve. Matrix acidizing in sandstone is therefore primarily used to
remove damaging solids that have reduced the near-well permeability of the reservoir.
There are some instances of matrix acidizing using HF/HCl reported in the Monterey For-
mation in California that may have had greater penetration because of the presence of
natural fractures (CCST 2014). In California, matrix acidizing is done at depths ranging
from 2000 to 11,000 feet. The wells at the lower end of this range come close to drinking
water aquifers.

The last acidizing technique is acid fracturing. Acid fracturing, like matrix acidization,
uses acids to etch the reservoir. The main difference is the injection rate. Injection rates
with pressures below the pressure needed to fracture are termed matrix acidizing, while
those above fracture pressure are termed acid fracturing (Mcleod 1986). Acid fracturing is
similar to hydraulic fracturing in that a solution is injected into the wellbore at a high
pressure to fracture the formation. The difference between acid fracturing and hydraulic
fracturing is the composition of the stimulation fluids. Hydraulic fracturing uses a solu-
tion consisting of 99.5% water and sand and 0.5% chemicals (US DOE 2009), whereas, as
determined from this research, in both matrix acidization and acid fracturing, the concen-
tration of the solution used is 6%!18% chemicals. For acid fracturing to be able to etch
channels in the fracture walls, the rock has to be soluble in acid, and the acid should not
excessively leak off into the formation without reacting. Thus this technique is mainly
used in carbonate formations (Williams, Gidley, and Schechter 1979).

1.2. Acidization fluid make up

Acidizing fluid includes water, acids, and additives. Water is the main solvent and conduit
of the chemicals to the wellbore and/or reservoir. Acids are used to dissolve minerals and
mobilize mineral grains by decomposing the rock structure. Many other chemicals are
added for various purposes that are discussed in the appendix.

The most commonly used acids are listed in Table 1. In California, oil stimulations
occur primarily in sandstone and some carbonate formations. Hydrofluoric acid (HF) in
combination with other acids is used to dissolve silicates in sandstone. Hydrochloric acid
(HCl) and other acids are used to dissolve carbonate minerals, such as limestone. See the
supplemental section for more details on which acids are used for different minerals.

1.3. Chemical exposure pathways

There are many different types of chemicals used in acidizing, and the risk of each is
dependent on the chemical’s exposure, toxicity, fate and transport, transformation, and
cumulative and synergistic effects with other chemicals. Many of these factors have not
been studied. Here, we focus on the chemicals’ human exposure pathways through water.

Table 1. Acids used in acidizing (Scheiber 2013).
Inorganic Organic Mixtures

Hydrochloric acid (HCl) Acetic acid (CH3COOH) Organic acids/HBF4
Hydrofluoric acid (HF) Formic acid (HCOOH)
Mud acid (HCl/HF) Citric acid (C6H8O7)
Tetrafluoroboric acid (HBF4) Biodegradable acids

TOXICOLOGICAL & ENVIRONMENTAL CHEMISTRY 3
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Table 2 lists the surface and subsurface chemical release mechanisms into waterways from
oil stimulation, production, and wastewater management and disposal activities in Cali-
fornia. For a diagram of the surface and subsurface release mechanisms see the supple-
mental section.

The most likely source of water contamination comes from improper handling of
wastewater at the surface. Surface release mechanisms include percolation from unlined
pits, siting of a disposal well into an aquifer, reuse or disposal of inadequately treated
wastewater, and spills, leaks, and accidents. More than half of the wastewater from frac-
tured oil wells in California is disposed of in open, unlined pits and could contaminate
groundwater. More than 900 such pits, many without proper permits from the state, lie in
the oil fields of the San Joaquin Valley, and some atop usable aquifers (CCST 2015).
Wastewater from the surface can also be directly injected into Underground Sources of
Drinking Water and “Usable” Water defined under EPA and Bureau of Land Manage-
ment regulations. The California State Water Board confirmed that at least nine wastewa-
ter disposal wells have been injecting waste into aquifers that contain high-quality water
protected under federal and state law (Bishop 2014). This becomes a serious issue in
drought-stricken places with a high water demand, like the Central Valley of California.
Another surface exposure route is reusing or disposing inadequately treated wastewater.
In California, about 25% of wastewater was injected into disposal wells or reused for oil/
gas extraction. Some wastewater has also been permitted for irrigation in California
(CCST 2015). Surface spills, another surface release mechanism, have contaminated both
groundwater and surface water. According to the available data between January 2009
and February 2014, 423 surface spills at oil and gas fields in California released nearly
2.8 million gallons of wastewater, or an average of 6500 gallons per incident. Of these, 34
spills released a total of 88,000 gallons of wastewater into California waterways (CCST
2014).

Subsurface release mechanisms include acid wormhole pathways in the rock formation
leading to aquifers, fault pathways leading to aquifers, deteriorated abandoned wells leak-
ing into the subsurface, and the failure of production or disposal wells. Modeling work
suggests that hydraulic fracturing stimulation fluid contaminating aquifers by connecting
pathways is highly unlikely, happening on a 1000!100,000 year scale (Kissinger et al.
2013; Gassiat et al. 2013; Flewelling and Sharma 2014). It is even more unlikely for worm-
hole pathways to reach an aquifer, because they do not extend very far. However, it
becomes a greater threat in California, where unconventional oil stimulation is occurring
at relatively shallow depths closer to aquifers with usable water. Matrix acid stimulation
has occurred in many fields at depths around 2000 feet (CCST 2014). In both the San Joa-
quin Valley and the densely populated Los Angeles Basin, oil stimulation has happened at
depths less than 1000 feet (CCST 2015). Pathways created by the compromised or failed
structural integrity of cement in oil and gas wells and wellbores are considered the most
likely potential pathway for groundwater contamination.

Table 2. Surface and subsurface chemical release mechanisms into waterways.
Surface Subsurface

Percolation from unlined pit Fractured/acid wormhole pathway
Siting of disposal well into aquifer Deteriorated abandoned well
Inadequately treated wastewater for reuse or disposal Failure of production or disposal well
Spills, leaks, and accidents Fault pathway
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2. Methods

2.1. Information sources

Information about the geographical location of acidizing sites in California, volume of
water used per treatment, chemical names and chemical abstracts service (CAS) registry
numbers, chemical purpose, and chemical amounts were collected, sorted, and analyzed
from two California government databases: the Division of Oil, Gas, and Geothermal
Resource’s (DOGGR) Interim Senate Bill 4 (Interim SB 4) self-reporting portal (DOGGR
2015) and the South Coast Air Quality Monitoring District’s (SCAQMD) Rule 1148.2
self-reporting portal (SCAQMD 2015). The data are inclusive of dates from the inception
of the Interim SB 4 on 1 January 2014 and SCAQMD’s Rule 1148.2 on 5 April 2013 to
mid-August 2015.

The data from DOGGR’s portal from January 2014 to June 2014 only included infor-
mation on what operators are required by law to report what they considered as acid frac-
turing or matrix acidizing; it was not based on a generally applicable regulatory definition.
Furthermore, it did not include treatments that used acid concentrations of 7% or less
(DOGGR, 2014). After June 2014, operators self-reported matrix acidization or acid frack-
ing based on a uniform regulatory definition with no acid concentration exemption
(DOGGR, 2014). As for SCAQMD’s data, all chemical information on what operators
considered as acidizing was collected. From April 2013 to March 2014 there was no way
to determine whether what was reported was acid maintenance, matrix acidizing, or acid
fracturing (SCAQMD, 2015), and the chemicals in use during this period could have been
representative of any of the techniques. After March 2014, operators reported which acid-
izing techniques they were using. Information on acid maintenance and matrix acidiza-
tion was collected from SCAQMD.

There are some clear limitations. Although information is required to be reported, self-
reporting reduces transparency; there is no real-time way to validate information or that
all information is being reported. Sometimes information is withheld because of trade
secrets. Thus, the information may not be representative of consistent and transparent
data collection. Furthermore, what was reported to SCAQMD as matrix acidization or
acid fracturing should in theory also have been reported to DOGGR because SCAQMD is
collecting information for Southern California and DOGGR for the whole state, but there
is a lack of expected overlap. The data collected from DOGGR’s portal came from only
four operators for 100 wells, whereas SCAQMD received information from over 20 differ-
ent operators for about 500 different wells.

2.2. Hazard assessment

Washington State’s Ecology Department’s QCAT was used to evaluate hazards associated
with acidizing chemicals. The QCAT evaluation is a two-step process that assigns a grade
to each chemical.

QCAT examines nine hazard endpoints; carcinogenicity, mutagenicity and genotoxic-
ity, reproductive toxicity, developmental toxicity, endocrine toxicity, acute mammalian
toxicity, acute aquatic toxicity, persistence, and bioaccumulation.

Step 1 uses authoritative sources to rank each chemical’s hazard endpoints as very high,
high, moderate, or low. The authoritative sources for Step 1 are toxicity characteristics
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+

lists and databases generated by internationally recognized authoritative bodies or appro-
priate government agencies (US NIH, EC-REACH SVHS, IARC, Cal/EPA Prop 65, New
Zealand HSNO, Lancet-Grandjean and Landrigan list, etc.). The chemical is ranked in
accordance with the strength of the authority and the nature of the classification (Cate-
gory 1, Priority list, etc.). Once each endpoint is ranked, a grade can be assigned. The
grade is assigned on the basis of hazard endpoint-ranking combinations (see supplemen-
tary section for the process of assigning an initial grade). For example, a rank of high in
carcinogenicity or reproductive toxicity automatically earns the chemical an F-grade.

If the hazard endpoints are found in Step 1 sources they are sufficient for assigning a
grade. If however not all the hazard endpoints are found in Step 1 sources, one proceeds
to the Step 2 sources. In some instances not all hazard endpoints are needed to assign an
F-grade. For example, if a chemical is carcinogenic it is given an F-grade and no informa-
tion from a Step 2 sources could give it a lower grade. Once the chemical is identified as
an F-grade chemical in Step 1 there is no need to look further into Step 2 sources.

Step 2 requires more technical expertize. Its sources could include measured data from
publicly available risk assessments and databases such as the Registry of Toxic Effects of
Chemical Substances (RTECS) and the Hazardous Substances Data Bank (HSDB), or esti-
mated data from PBT Profiler or other modeling tools. For the purposes of this paper
only Step 1 sources were used. All F-graded chemicals have been identified only using
Step 1 sources. More F-graded chemicals could be identified through Step 2 sources.
Table 3 explains the meanings of the grade levels assigned by the QCAT assessment.

Because a QCAT assessment only looks at selected endpoints, chemicals of concerns
could be missed during the evaluation process. The QCAT assessment is not as thorough
an evaluation of the hazards posed by a chemical as other screening methods, like the
GreenScreen® method. However, based on the level of technical expertize required to use
it, it is a good starting point to identify hazardous chemicals (Washington State Depart-
ment of Ecology 2015).

3. Results and discussion

3.1. Acidizing events

Well operators submitted chemical reports to DOGGR for matrix acidizing and acid frac-
turing only. DOGGR does not require acid maintenance activities to be reported. To
SCAQMD, operators submitted chemical reports for acid maintenance and matrix acidiz-
ing only. There were no reported instances of acid fracturing to SCAQMD. However, it
should be noted that these reports were submitted prior to the actual treatment, and it is
not possible to distinguish matrix acidizing from acid fracturing without reviewing well
completion reports to determine whether the fracture pressure was exceeded. Operators
typically do not distinguish matrix acidizing from acid fracturing. From April 2013 to

Table 3. Grade levels from the QCAT assessment process.
Grade A Few concerns (i.e. relatively safe) Preferable

Grade B Slight concern Improvement possible
Grade C Moderate concern Use but search for safer alternative
Grade F High concern Avoid
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March 2014, operators did not distinguish the type of acidizing to SCAQMD. After this
time period, operators were required to identify which acidizing technique they would
perform. But as stated before the distinction can only be made once an operation is com-
pleted. March 2014 onwards there were hundreds of reported instances of acid mainte-
nance and only a handful of cases for matrix acidizing. It is thus likely that the instances
of acidizing in the early time period were also mainly acid maintenance cases.

DOGGR acidizing events were primarily in Elk Hills Oil Field in Kern County, Califor-
nia, 40 miles east of Bakersfield, California. They represent 5% of the total unconventional
oil stimulation techniques reported to DOGGR; 95% were hydraulic fracturing or listed as
other stimulations.

SCAQMD acidizing events were in highly urbanized city centers of Southern Califor-
nia. They represent 65% of the total events reported to SCAQMD. A breakdown of the
reported acidizing events can be seen in Table 4. Surprisingly, the SCAQMD matrix acid-
izing events did not show up in DOGGR’s database, though based upon legal jurisdiction
they should have. The way local and state authorities define matrix acidizing or an issue
of enforcement could explain this discrepancy. There were few acid fracturing events
reported to DOGGR and none to SCAQMD. This is probably due to the geology of the
region. Acid fracturing is most effective in carbonate formations, whereas most of the oil-
bearing formations in California are sandstone. Given the lack of oversight and enforce-
ment and broad range of discretion afforded operators, it is possible that the acidizing
events are under-reported.

3.2. Acidizing chemicals

There are many chemicals used in acidizing with data gaps. Many chemicals are listed as
trade secrets; others have no toxicological or even basic chemical property information
available. As for chemicals with known hazardous endpoints, the amounts used are sub-
stantial and create high toxic loads per treatment. The high acidity creates uncertainties
as to how chemicals will transform or how much heavy metal will leach out.

This section details the composition and amount of chemicals in acidizing fluids and
compares it with hydraulic fracturing. It also details the amounts of F-graded chemicals
used in acidizing and what the toxicological load per treatment is ! meaning what mass
of carcinogens or reproductive toxins, for example, are used per treatment. Finally, it
looks at the potential impacts of the acidic fluid.

3.2.1. Composition of acidizing fluids
There are about 200 different chemicals and around 90 chemical families, trade secrets, or
chemicals of undefined amount used in acidizing in California. A list of all the chemicals
and their amounts reported to DOGGR and SCAQMD, grouped by acidizing technique,
is set out in the supplemental materials.

Table 4. Reported acidizing events in California.
Treatment type Submitted proposals as of mid-August 2015

SCAQMD acid maintenance 474
SCAQMD acid matrix 6
DOGGR acid matrix 90
DOGGR acid fracturing 10
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Unlike hydraulic fracturing fluid, where chemicals make up only 0.5% of the fluid
(US DOE 2009), acidizing chemicals (acids and other chemicals, not including silica in
acid fracturing) can make up 17% (acid fracturing), 5%!18% (matrix acidizing), or 6%
(acid maintenance) of the fluid. Figure 1 shows a graphical representation of these percen-
tages. Matrix acidizing as reported to DOGGR on average is the most concentrated with at
least 81.7% being water and up to 18.3% other chemicals, of which 15% is acid. Acid frac-
turing as reported to DOGGR is about 8% acid and 9% other additives. In general, acidiz-
ing reported to SCAQMD had acids making up 3% of the fluid and other additives
around 2.5% of the fluid.

These concentrated fluids have a greater impact than diluted hydraulic fracturing fluid.
Microbes are not as effective at breaking down organic chemicals at higher concentrations,
making them more persistent in the environment (Kekacs et al. 2015). Furthermore, new
research is beginning to show that biocides that are used in unconventional oil stimulation
techniques are also not effective at higher concentrations, possibly contributing to bacterial
resistance to antibiotics (Kahrilas et al. 2015; Vikram, Bomberger, and Bibby 2015).

Although overall most of the chemicals used in acidizing are similar to the chemicals
used in hydraulic fracturing (Stringfellow et al. 2014), those used most frequently in the
two operations are different. If we compare the top 20 chemicals in Table 8 of the US
EPA Report (2015) (20 most frequently reported additive ingredients in oil disclosures,
ranked by frequency of occurrence) to the top 20 frequently used chemicals of acidizing
techniques (Tables S4!S7), we see that only 10 of the most frequently used hydraulic frac-
turing chemicals are those that are used in acidizing treatments (the 10 most frequently
used chemicals that are not among the most frequently used chemicals of hydraulic

Figure 1. Acidizing fluid composition in California.

8 K. ABDULLAH ET AL.

D
ow

nl
oa

de
d 

by
 [9

8.
21

4.
15

4.
11

6]
 a

t 1
8:

58
 1

8 
M

ar
ch

 2
01

6 



32 
 
 

fracturing are marked with an asterisks in the Tables S4!S7). In other words, 50% of the
most frequently used chemicals of acidizing are different from the most frequently used
chemicals of hydraulic fracturing, highlighting the need for increased research regarding
the effects of acidizing.

Taking a closer look at water and acid use, Figure 2 shows the average amount of water,
HF, and HCl used in acidizing.

The treatments reported to DOGGR, whether acid fracturing or matrix acidizing, used
more water and acid. Acid fracturing used the most water, close to 700,000 kg/treatment.
Acidizing is not as water intensive as hydraulic fracturing, and in general, California oil
well stimulations use less water compared to other states. In other states hydraulic fractur-
ing uses 4!12 million kg/well (CCST 2014), whereas in California the average use of
water for the various acidizing techniques is between 60,000!700,000 kg/treatment.

Acid fracturing also used the most HF (»14,000 kg/treatment) of the treatments.
Matrix acidizing as reported to DOGGR used the most HCl (»71,000 kg/treatment). The
acidizing treatments reported to SCAQMD used the least HF (»200 kg/treatment) and
HCl (»2300 kg/treatment).

HF is one of the more concerning chemicals, and is used in some of the largest quanti-
ties. HF is typically used in a combination with HCl and called mud acid (HF C HCl) to
dissolve sandstone as well as remaining drilling mud. In Central California there is a
greater use of mud acid. The average concentration by mass percentage (%w/w) of HF
and HCl used in mud acid treatments is 0.5%!3% and 4%!15%, respectively (Scheiber
2013). Figure 2 shows that acid fracturing uses the most HF, more than 14,000 kg/treat-
ment, followed by matrix acidizing (reported to DOGGR) at 1870 kg/treatment. All the
treatments use more than the minimum reportable quantity of 45.4 kg, as set out by the

Figure 2. Average amount of water, HF, and HCl used in acidizing techniques.
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Emergency Planning and Notification Act, 40 CFR part 355. Even though acid mainte-
nance uses on average 175 kg/treatment, it is such a common and routine procedure used
in wells that the total accumulated load of HF in a region becomes significant. As for
matrix acidization, more HF and HCl are used per treatment in Central California
(reported to DOGGR) as opposed to Southern California (reported to SCAQMD). This
difference could be because of geology or the scale of the activity in these regions. HF is
primarily used to dissolve silicates and HCl for carbonates.

HF is of great concern because of its very high acute mammalian toxicity and neuro-
toxicity. Exposure to fumes or very short-term contact with liquid HF may cause severe
and painful burns; it penetrates the skin to cause deep-seated ulceration that may lead to
gangrene (National Center for Biotechnology Information 2015). Transport and storage
of such large quantities of HF prior to use are serious concerns.

In addition, HF use in wells leaves fluoride behind which can also have detrimental
impacts. Fluoride is beneficial in limited quantities for the mineralization of bones and
formation of dental enamel. However, excessive fluoride is detrimental; 1.5!4 mg/L
results in dental fluorosis, 4!10 mg/L results in skeletal fluorosis, and > 10 mg/L results
in crippling fluorosis (Dissanayake 1991). If this excessive fluoride reaches drinking water
sources, exposure becomes a serious concern.

The amount of HCl used also creates some concern. Individual reports show that HCl
can be up to 270,000 kg/treatment. The %w/w of HCl reported in treatments other than
mud acid mixtures is 15%!28%. HCl is corrosive to the eyes, skin, and mucous mem-
branes. Chronic (long-term) occupational exposure to HCl has been reported to cause
gastritis, chronic bronchitis, dermatitis, and photosensitization in workers. Prolonged
exposure to low concentrations may also cause dental discoloration and erosion (US EPA
1999). Markey et al. (2014) also discuss the health and safety concerns of using HCl in oil
drilling, as well as its corrosive impact on flow lines and equipment and environmental
effects of the produced HCl.

3.2.2. F-graded chemicals
A main goal of this report was to identify the most toxic acidizing chemicals against a
standard criterion. Table 5 lists the QCAT F-graded chemicals that are used in acidizing
in California. They are listed in decreasing frequency of use. The primary hazardous toxi-
cological endpoints of these chemicals are noted. These endpoints are detailed with refer-
ences in the supplemental section.

There are at least 28 F-graded chemicals. The frequency of use and average amount per
treatment gives an idea of exposure. However, information about the fate and transport of
the chemicals, their transformations, synergistic and cumulative effects, as well as routes
of exposure, are vital to understanding their true risk. The most commonly used F-graded
chemicals in all acidizing treatments that were used on average in the 100’s!1000’s kg/
treatment are methanol, HF, xylene, and diethylene glycol. These four chemicals are all
neurotoxins and in some cases are also developmental or reproductive toxins. Methanol
was used in almost all the treatments. HCl, although not listed as an F-rated chemical was
also used in most treatments. HF, polyethylene glycol nonylphenyl ether, ethylene glycol,
and formaldehyde were used in about half of the treatments. The amount used per treat-
ment and how often a treatment is done are important in understanding the toxicological
load put on a certain area.
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The maximum reported use is also listed in Table 5. Some values are far above the aver-
age amounts used and may have been mis-reported. Methanol is reported to be used in up
to 32,000 kg/treatment, HF up to 25,000 kg/treatment, xylene up to 12,000 kg/treatment,
ethylbenzene up to 2600 kg/treatment, diethylene glycol up to 5000 kg/, and silica and
cristobalite up to 32,000 kg/treatment. Their various toxicological endpoints can be seen
in Table 5.

3.2.3. Toxicological load
In addition to identifying the F-rated chemicals, it is important to understand the toxico-
logical load, or amount of carcinogens or reproductive toxins, for example, per acidizing
treatment (see Figure 3).

In acid maintenance there is a high reproductive toxin load from xylene, ethylbenzene,
and toluene. The high neurotoxin load is primarily from xylene and HF. Crystalline silica,
ethylbenzene, and nitriloacetic acid are the main contributing carcinogens. HF and crys-
talline silica cause the high acute mammalian toxicity load.

In matrix acidizing as reported to SCAQMD there is a higher reproductive toxin load
from xylene and ethylbenzene as well as a neurotoxin load from xylene, methanol, and
HF. In matrix acidization reported to DOGGR the high developmental toxin and neuro-
toxin load are primarily from methanol. HF, xylene, and diethylene glycol also add sub-
stantially to the neurotoxin load. The acute mammalian toxicity is primarily from HF.
Nitrotriacetic acid is the main carcinogen accounting for the high load.

The acid fracturing treatments have the largest carcinogen load from silica use. The
high neurotoxicity and high acute mammalian toxicity in acid fracturing are from HF.

There are between 7000!90,000 kg/treatment of these seven toxicological endpoint
chemicals listed in any one acidizing treatment at one time. The actual amounts used in
the treatment can be found in the supplemental section (Tables S4!S7). The weighted
toxicological impact of these chemicals do not take into account any transformation, or

Figure 3. Toxicity load of acidizing techniques in California.
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synergistic or cumulative impacts. In a highly acidic environment the stability and reactiv-
ity of the chemicals are unknown. The potential environmental impact of these chemicals
and their byproducts is also unknown. Another problem of acidic solutions is the dissolu-
tion and mobilization of naturally occurring heavy metals and other pollutants from the
oil-bearing formation, the extent of which is also unknown (CCST 2015).

It should be noted that not only is the acidizing fluid acidic, but the “flowback,” in the
case of matrix acidization for example, can also be acidic. A few industry reports show
that the pH of returning waste is mainly between 0 and 3 for the first few hours (see
Table 6). It is unknown how much of the chemicals returns to the surface for acidizing,
but recent data submitted to DOGGR by operators show that the volume of recovered flu-
ids collected after matrix acidization is 50%!60% (CCST 2015)

4. Conclusions

The analysis of the present data shows that there have been 474 reported acid mainte-
nance events in Southern California, 96 reported matrix acidization events in Central and
Southern California, and 10 reported acid fracturing events in Central California from
April 2013 to mid-August 2015. In Southern California, acidization events are occurring
in highly urban areas around Los Angeles County. There are about 200 chemicals used in
acidization, and 50% of the most commonly used acidizing chemicals are most commonly
used hydraulic fracturing treatment chemicals. Unlike hydraulic fracturing, the chemical
concentrations in the fluids for acidization are high, ranging from 6% to 18% chemicals,
and the waste that returns can also be highly acidic.

The amounts of chemical used per treatment are anywhere between 100’s of milligrams
and 100,000’s of kilograms. Some of the chemicals are known to be of concern for both
human health and the environment. An initial hazard assessment was done, and 28
QCAT F-graded chemicals of concern have been identified. It should be noted that close
to 90 other chemicals are identified by non-specific names, family classes, or chemicals of
undefined amount.

Furthermore, the flowback conditions, pH of the fluid and what chemicals are return-
ing are unknown. The toxicity, the chemical fate and transport, and exposure potential of
all these chemicals should be understood, and if a hazard is noted then substitute chemi-
cals should be suggested. Understanding where these chemicals are likely to end up in our
environment is critical in predicting how vulnerable populations will be affected. Under-
standing the toxicity will help us to identify possible impacts we might see in the near to
distant future on humans and other living organisms. The stability and reactivity of these
chemicals under such strong acid conditions is also unknown. The potential hazard of
these chemicals and their byproducts have unknown environmental impacts.

Table 6. Range of pH of matrix acidizing flowback water.

Treatment type
Range of pH
of flowback

Time period or volume
amount measured over Reference

HCl/HF (5 diff. treatments) 0.5!3.5 (2.2!3.2) 200 min 500!700 bbl Schuchart (1995)
15% HCl/1.5% HF 0!3 600 bbl Gdanski and Peavy (1986)
15% HCl 0.2!5 5 h Taylor, Nasr-El-Din, and Dajani (1999)
"bbl ! oil barrel D 42 US gallon.
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The aim of this paper was to present potential problems of acidizing that need to be
investigated so that scientists and legislators can evaluate the environmental impact of
acidization. There is a need for the most up-to-date information on what chemicals and
quantities are being used and the specific uses of these chemicals. The information in this
paper only includes self-reported information, which is limited. There needs to be a trans-
parent way to gather information from industry. Even more important is the need for
monitoring and reporting of what is returning as wastewater.

Future research should include identifying appropriate stable indicator chemicals or
stable byproduct chemicals from the process that can be monitored in groundwater to
track any leakage from wellbores or disposal wells and pits. Possible treatment techniques
for chemicals of concern in the wastewater as well as the water remaining in the ground
that can contaminate groundwater should also be researched. The feasibility of treatment
needs to consider cost effectiveness. If acidization is to be used in oil exploration we need
to be aware of the possible impacts and ways to prevent them, including appropriate treat-
ment of residual water at the surface and in the ground.Finally, understanding the current
regulatory framework and jurisdiction that is in place to regulate acidization effectively, as
well as identifying the gaps that exist, are important in moving forward to safely regulate
acidization.
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Nearly all acids dissolve HF, HCl/HF, HBF4, dissolve 
Carbonates: Silicates: 
- Calcite CaCO3 - Quartz SiO2 
- Dolomite CaMg(CO3)2 - Feldspars (Plahioclase, Orthoclase, …) 
 - Micas (Biotite, Muscovite) 
 - Clay minerals (Kaolinite, Smectite, Illite, Chlorite) 
  
 And 
  
 Oxides and Hydroxides: 
 - Hematite Fe2O3 
 - Goethite FeOOH 
 - Mahnetite Fe3O4 
  
Note: Sulfates (Gypsum [CaSO4 x 2H20], Anhydrite [CaSO4], and Barite [BaSO4]) have low 
solubility in acids. 
 

!"#$%&'8)&!<=%5&/1&*--,.,>%5&?2%5%0.&,0&.7%&*+,-&'/$@.,/0&

*+,-,A,0B&*--,.,>%5& ?@2=/5%&

C/22/5,/0&D07,#,./2& !"##"$%"&'%&(%)%*"#$'+#,'-$,.'*"'#,.-/,'*(,'#,+/*%"&'"0'+/%.'1%*('*(,'2,*+33%/'%#"&'%&'
*(,'4%4,$5'6(,'%&(%)%*"#'1%33'0"#2'+&.'2+%&*+%&'+'0%32'"&'*(,'%#"&'$-#0+/,'7Robertson, 
Chilingarian and Kumar'89:9;'Williams, Gidley and Schechter'89<9=5'

'@21"+."0.5& >-#0+/*+&*$'lower the surface tension or interfacial tension between fluids. They 
+#,'-$,.'+$'1,**%&?'+?,&*$@'4,&,*#+*%&?'+?,&*$@'$3-.?,'4#,A,&*,#$'+&.'0"+2%&?'
+?,&*$@'+/%.'$"3A,&*'.%$4,#$+&*$@'2-.'.%$4,#$+&*$@',2-3$%"&')#,+B,#$@'#,*+#.,#$@'+&.'
$-$4,&.%&?'+?,&*$5''

D2/0E+/0.2/$&*B%0.5& 6(,$,'%&/3-.,'%#"&'/"243,C%&?'+?,&*$@'%#"&'#,.-/%&?'+?,&*$@'+&.'(D.#"?,&'$-30%.,'
$/+A,&?,#$'*"'B,,4'%#"&'%&'$"3-*%"&'1%*("-*'4#,/%4%*+*%&?'%#"&'$+3*$5''

4@.@"$&'/$>%0.& >"3A,&*$'+#,'-$,.'*"'%24#"A,'$"3-)%3%*D'"0'+..%*%A,$'+&.'*"'#,2"A,'(D.#"/+#)"&$'+&.'
.%00,#,&*'+..%*%A,$'7Robertson, Chilingarian and Kumar'89:9;'E+30+D+&'FGG:=5''

C$"<&'."#,$,A%2& 6(,$,'+..%*%A,$'+.(,#,'*"'*(,')"#,("3,'1+33@',00,/*%A,3D'$,+3%&?'*(,'$-#0+/,'+&.'
%&(%)%*%&?'/3+D'2%&,#+3$'"#'"*(,#'0%&,$'0#"2'2"A%&?'%&*"'*(,'0"#2+*%"&'HI,+*(,#0"#.'
FG8JK5'

C"$+,@F&C/F=$%G,0B&
*B%0.5&6C"$+,@F&
'@$1".%&D07,#,./25H&5+"$%&
,07,#,./25;&

6(,$,'+#,'-$,.'%&'0"#2+*%"&$'1%*('(%?('$-30+*,L%"&'/"&*,&*'%&'*(,'0"#2+*%"&'1+*,#'
H-$-+33D'?#,+*,#'*(+&'8@GGG'442K'"#'#"/B'/"&*+%&%&?'+&(D.#%*,'*"'4#,A,&*'*(,'
0"#2+*%"&'"0'/+3/%-2'$-30+*,'4#,/%4%*+*,5'M("$4("&+*,$@'$-30"&+*,$@'+&.'4"3D+/#D3+*,$'
+#,'-$,.'*"'4#,A,&*'0"#2+*%"&'"0'/+3/%-2'$/+3,'HE+30+D+&'FGG:K5'

3,>%2.,0B&6I%$$,0B;&
*B%0.&

N%A,#*%&?'+?,&*$'+#,'+'A%$/"-$'?,3'"#'$-$4,&$%"&'"0'?#+.,.'$"3%.$'-$,.'*"'*,24"#+#%3D'
)3"/B'"00'*(,'2"$*'4,#2,+)3,'$,/*%"&$'"0'#,$,#A"%#'+&.'0"#/,'*(,'+/%.'%&*"'3,$$'



42 
 
 

!"#$"%&'"()"*+,-.)(/Williams, Gidley and Schechter(012134(
!"#$%&'(#$)'*++%!$$#,#-.% 5'6,78'-))(%77,+,9")(!#"9".+(:%+"#(;#-$($,<#%+,.<(,.+-(+="(!"#$"%&'"(;-#$%+,-.(

'"%9,.<(-+="#(;'6,7(*-$!-.".+)(&"=,.7(/>%'',&6#+-.(?@0A34(
/'.01(2%!$$#,#-.% B'"%.6!(%77,+,9")(%#"(6)"7(+-(#"$-9"()!".+(%*,7(,.('-:8!#"))6#"(#")"#9-,#)4((C%)"-6)(

.,+#-<".D(%'*-=-')D(-#()6#;%*+%.+)(%#"(6)"7(/5-)=""(%.7(>6#)+(01EFG(>-:%#7(%.7(5%)+(
012@34((

23%!$4(+,#15%!5.1,% H*,7)(%.7(&%)")(%#"(%77"7(+-(%7I6)+(+="(!>(+-(+="(7"),#"7('"9"'4(

6#*"#$.% J,-*,7")(%#"(%77"7(+-(*-.+#-'(&%*+"#,%'(<#-:+=(76#,.<(%.7(%;+"#(:"''()+,$6'%+,-.4(
78*2201,% H(!#-!!%.+(,)(%()-',7($%+"#,%'D(+K!,*%''K(),',*%D(6)"7(+-(L""!(%.(,.76*"7(;#%*+6#"(-!".4(

(

The two diagrams below taken from the CCST (2015) report show surface and subsurface contamination 
pathways from oil stimulation activities.  

&#5(8.%9:;%7*,.1,#0'%/*1,0<#101,%=.'.0+.%>."?01#+<+%,?0,%@8#5#10,.%0,%,?.%9(8A0".%=.'0,.$%,*%
9,#<('0,#*1B%78*$(",#*1B%01$%C0+,.D0,.8%>0105.<.1,%01$%E#+2*+0'%!",#-#,#.+%#1%/0'#A*81#0%(CCST 
2015). 
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Figure 2.6-1. Potential contaminant release mechanisms that originate at the surface related to 
stimulation, production, and wastewater management and disposal activities in California. The 
diagram is not drawn to scale.
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Figure 2.6-2. Potential release mechanisms and transport pathways in California that could 
originate in the subsurface. These include leakage through failed (production, abandoned or 
disposal) wells, migration through intercepted fractures and fault activation. The diagram is 
not drawn to scale.
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QCAT assessment. This presentation represents the increased risk involved with a restricted analysis 
like QCAT compared with a more comprehensive GS® review.  
 
Once the levels of concern are identified, the next step is to assign a grade. QCAT grading and data gap 
analysis are a simplification of the GS® benchmarking and data gap processes. Any future changes to the 
GS® data gap and benchmarking processes will be reflected in future QCAT upgrades. An initial grade 
is assigned using the following decision logic (Table 6): 
 
Table 6: QCAT Process for Assigning an Initial Grade 

Grade A 
 

1. Low P + Low T (AA, AT and all HH endpoints) 

Grade B 
 

 
1. Moderate P; or 
2. Moderate B; or 
3. Moderate AA; or 
4. Moderate AT or one or more HH endpoints 

 

Grade C 
 

 
1. Moderate P + Moderate B + Moderate T (AA, AT, or any HH endpoint); or 
2. High P & High B; or 
3. High P + Moderate T (AA, AT, or any HH endpoint); or 
4. High B + Moderate T (AA, AT, or any HH endpoint); or 
5. Very High T (AA or AT) 

 

Grade F 
 

 
1. PBT = High P + High B + [Very High T (AA or AT) or High T (HH)]; or 
2. vPvB = very High P + very High B; or 
3. vPT = very High P + [very High T (AA or AT) or High T (HH)]; or 
4. vBT = very High B + [very High T (AA or AT) or High T (HH)]; or 
5. High T (HH) 

 
 

Legend 
AA = Acute Aquatic Toxicity P = Persistence 
AT = Acute Mammalian Toxicity PBT = Persistent, Bioaccumulative, & Toxic 

B = Bioaccumulation R = Reproductive toxicity 
C = Carcinogenicity T = Toxic 
D = Developmental Toxicity vBT = very Bioaccumulative & Toxic 
E = Endocrine Activity vPT = very Persistent & Toxic 

HH = Human Health (C, M/G, R, D & EA) vPvB = very Persistent & very Bioaccumulative 
M = Mutagenicity/Genotoxicity    

 
The grading process begins by evaluating available data against the Grade F criteria. If none of the 
Grade F criteria are met, the ranking results are compared against the Grade C criteria. If no Grade C 
criteria are met, the process continues until a grade is determined. 



45 
 
 

!"#$%#&'()*%+#,*-.#/0-1(+*2!*1-0,030&4*'.1'*1"#*,0!!#"#&'*'.1&*'.#*56*/2+'*!"#$%#&'()*%+#,*-.#/0-1(+*2!*

1-0,030&4*1+*"#72"'#,*0&*'.#**89*:;<*"#72"'**=56>?@*=A1B(#*CD*!"#$%&'()*%'+,#-.#$%/&',#0),%#1'2113%34#'
3$5,#13#$%*'3$')3/'13*6/)*.,#*7',2$8#1'9&'+,#-.#$6&')+')66.,,#$6#:;''!<#'%)0'=>'()*%'+,#-.#$%/&'.*#1'
6<#(362/*')+'26313?3$5'@!29/#'ABCAD:'"#,#'6)(02,#1'%)'!29/#'E')+'%<#'FA'GHI'@=>JK:',#0),%;*

!"#$%&'()&*+%,-."$/&01&2.-3&4"-56%5"5.%&7"/&8%9:86%3&6:&'*2;4<=&>-/6%3&#?&<%.8%"/-5@&A8%BC%5.?&:1&
D/%&

E
",

%&

FC
89
:/
%&

*2
'&
G&

4
"H
-,

C,
&

7I
@=
J6
8%
"6
,
%5

6&

2K
%8
"@
%&

7I
@=
J6
8%
"6
,
%5

6=
&

A8
%B

C%
5.
?&
:1
&

D
/%
/&

2-
8&!

:H
-.
&

E#'.1&2(* F2""2+02&*G&.0B0'2"H*

I2&J:/%(+0!0#"H*<&'0J

9(%,40&4*<4#&'+H*

K#''0&4*9%"!1-'1&'H*

F(1)*9'1B0(03#"H*92(L#&'*

MNJ?MJ>* C>>O>6* NPO?6* Q5>* R*

K1'#"* F1""0#"* NNQ5J>CJ?S* QHQT5HP>6OP* MMH5T?O?* Q>Q* I*

U),"2-.(2"0-*<-0,* <-0,030&4H*92(L#&'H*K#((*

9'0/%(1'02&*

NMTNJ6>J6* >5H6?>OC6* >HP6NOP6* Q>Q* R*

F0'"0-*<-0,* G"2&*F2&'"2(* NNJP5JP* T5QON6* >>>O65* 5P5* I*

<//2&0%/*F.(2"0,#* V0+7(1-#/#&'*W(%0,H*

91('H*F(1)*9'1B0(03#"*

>5>5?J65JPS* QHM66O56* MCQOC6* 5N>* I*

U),"2!(%2"0-*<-0,* <-0,030&4H*K#((*

9'0/%(1'02&*

NMMTJQPJQS* >H?>5ON6* >N?O>6* 5QT* R*

:")'.2"B0-*<-0,* G"2&*F2&'"2(* CPJM?JMS* P?OQ6* >NOT6* 556* I*

U#1L)*<"2/1'0-*I17.'.1* 9%"!1-'1&'H*I2&J

:/%(+0!0#"H*F(#1&#"*

MTNT5JPTJ?* 5HC6MOC6* QQOMT* 5>C* I*

F0'"%+*A#"7#&#+* 92(L#&'* PT5MMJTNJTS* C>QO?6* PMOT6* 5>Q* I*

;"271"4)(*<(-2.2(* K#((B2"#*F(#1&#"H*

F2""2+02&*G&.0B0'2"*

>6NJ>PJ>S* >NO66* TO>6* 56P* I*

A#"7#&#*U),"2-1"B2&* 92(L#&'* MCP?MJ?MJPS* ?C>O6?* MMOMQ* 56C* I*

A.02%"#1H*;2()/#"*K0'.*

W2"/1(,#.),#*<&,*>J

;.#&)(#'.1&2&#*

F2""2+02&*G&.0B0'2"* MC?5NJTPJ>S* T5O6?* >5OC6* >PM* R*

92,0%/*F.(2"0,#* F2""2+02&*G&.0B0'2"* NMTNJ>TJ?* >M>OC6* 56O>6* >P?* I*

W2"/1(,#.),#* F2""2+02&*G&.0B0'2"* ?6J66J6S* 6O6N* 6O65* >CN* R*

:'.)(#&#*X()-2(*E2&2B%')(*

:'.#"*

F(#1&*K#((B2"#*<&,*

W2"/1'02&H*9%"!1-'1&'H*

F2""2+02&*G&.0B0'2"H*

9-1(#*G&.0B0'2"*H*92(L#&'*

V0+7#"+1&'H*;1"1!!0&*

G&.0B0'2"H*92(L#&'H*

F(#1&#"*

>>>JNMJ5S* QHT?QO66* >P6OTP* >M>* R*

Y)(#&#* 9%"!1-'1&'H*92(L#&'H*

<+7.1('#&#*V0+7#"+1&'H*

>QQ6J56JN* >>H?6POP6* QTCO?6* >??* R*



46 
 
 

!"#"$$%&'(&)%*%+,#-'
./0123%$%/#-'42/"&/#'

5+)62*/&7/&/' 81#$"9+"&+-'8,2:/&+-'
42/"&/#'

;<<=>;=>' ?-@ABCB<' >>C;<' ;@?' D'

E"F)+)"2/&/' 81#$"9+"&+-'E,&=
50123%$%/#-'8,2:/&+'

G;=?<=H' ?BC<B' ;CH<' ;>>' D'

410/&/' ./0123%$%/#-'81#$"9+"&+' GB=B?=B' <CB<' <CH<' ;HG' D'
!/+#,2/10'E"F)+)"' 81#$"9+"&+-'I/22%&J'

KJ/&+'
L>A>?=>A=B' @<C<B' ;GCG@' ;H>' E'

!#,F"#J62'K29,),2' 4,##,3%,&'(&)%*%+,#' ;<A=;G=A' ;GC;<' @C><' G@' E'
E,&62'!)/&,2'5+),M62"+/' E,&=50123%$%/#-'

81#$"9+"&+'
G<;L=>@=GN' H>C;<' LC;;' AA' E'

5+)62'O9+6&,2' 4,##,3%,&'(&)%*%+,#' @BAA=>?=G' ;GC;<' @CHL' A@' E'
;-?=5+)"&/P%"0%&%10-'
E;-E?=Q%3R?=RQ%3'S?=
T6P#,M6/+)62'
UV/+)62"00,&%,W'5+)62W=
E;-E?=Q%3S?=T6P#,M6/+)62U=
E;-E?=.%0/+)62=-'4)2,#%P/'
S;X>U'

42"6'4,&+#,2' ;HBBAG=G>=>' H>@CHL' GLC@;' AH' E'

Y1%&"2P%&/' 4,##,3%,&'(&)%*%+,#' G;=LH=>' ;GC;<' @C@<' AH' E'
(3,Z1%&,2%&/' 4,##,3%,&'(&)%*%+,#' ;;G=L@=H' ;GC;<' @C><' AH' E'
.=[%0,&/&/' 8,2:/&+' ;HB=BL=H' LG<CA<' ;B>C@B' L?' E'
K9/+%9'K9%P' K9%P'\/"9+%,&'

\/+"#P"&+-'8,2:/&+-'(#,&'
4,&+#,2-'K9%P%7%&J'

L>=;G=A' A-<?AC@<' LB?CG<' >L' E'

!%&/'O%2' 4,##,3%,&'(&)%*%+,#' B<<?<=G<=H' ;ACH<' @C;<' ><' E'
!%&/'O%2' 4,##,3%,&'(&)%*%+,#' ]B<<?=<G=H' ;GC;<' @C@A' H@' E'
H=K0%&,F#,F62'S8%2/"&/+#%,2U' 42"6'4,&+#,2' @B;L<=GG=G' ;A@CG@' H<CA<' H;' E'
!,+"33%10'4)2,#%P/' !"#"$$%&'.%3F/#3"&+-'

4"##%/#'^21%P'
A>>A=><=A' H-<?LCAH' ?-?><CL<' ?G' E'

E%+#%2,+#%"9/+%9'K9%P' (#,&'4,&+#,2' ;HG=;H=G' @?;CL<' ;@;C;<' ?@' D'
;-?->'_#%0/+)62*/&7/&/' `/22*,#/'42/"&/#-'

8,2:/&+-'./0123%$%/#'
G@=LH=L' ?;CB<' HCA<' ??' D'

(3,*1+620/+)629"#*%&,2' 8,2:/&+-'E,&=50123%$%/#' ;<B=;;=?' ;;C@<' ?C@@' ;L' E'
.%%3,F#,F62&"F)+)"2/&/' E,&=50123%$%/#' HBL><=L?=G' ?C@<' ;CG<' ;>' E'
[%J)+'K#,0"+%9'E"F)+)"' E,&=50123%$%/#' L>A>?=G@=L' ;C?A' <CG<' ;>' E'
5+)"&,2' `/22*,#/'42/"&/#-'42"6'

4,&+#,2-'(#,&'4,&+#,2'
L>=;A=@' ?GCH<' ACA<' ;H' E'

?=5+)62'T/M"&,2' ./0123%$%/#' ;<>=AL=A' @AC;<' ;GC@<' ;?' E'
_,21/&/' 8,2:/&+-'K3F)"2+/&/'

.%3F/#3"&+'
;<B=BB=H' LL<C;;' ;LBC><' ;;' D'

Q/&7/&/-'4;<=;L=K2a62'
./#%:3C'

8,2:/&+-'K3F)"2+/&/'
.%3F/#3"&+-'E,&=
50123%$%/#'

LBL>B=BA=H' <C?<' <C<L' ;;' E'

5+)62/&/'I269,2' 42/"&/#' ;<A=?;=;' >CL<' ;C;<' ;<' D'
5+)62/&/'OM%P/' E"' A@=?;=B' <C@<' <C<@' ;<' D'



47 
 
 

!"#$%"#&'()*('+,)-./('01)2./3)
45678)

9.) ::;<=<:=>) 5?@?>) 7@:A) ?) 9)

*/(#"#/$,)-B>=B;,)
C3"#DE/.3F+)4:CGH)

9*) I<?;B=I:=:) 5?@7A) >@?A) ?) 9)

GDE./JE/.3F+)*/JE/%"FK#/'()
LF$'K)

2#/MFK3,)9#K=C10/$'N'F&) I7>5<=?5=5) B7@<A) 7@:A) <) 9)

-E(/#"FD.K.1'KF,)20/N.3F)
4B6B8)

9#K=C10/$'N'F&) B?<7>=A5=:) A@?A) A@5A) <) 9)

C3'+&#K'()*('+) *('+'O'KP) 5<A?=5B=>) B,7;A@BA) >::@?A) :) 9)
!"#$%"#K'()*('+) *('+'O'KP) B7;?<=7I=5) >A;@A;) B>7@>A) :) 9)
!"#$%"#&'()*('+,)-./('01)2./3)
45678)

2(./F)LF1#MF&) :II>=7<=5) A@<<) A@>?) :) 9)

Q#&1'()*('+) -#&&#$'#K)RK"'S'3#&,)
2(./F)LF1#M./)

I>=B<=I) I<;@<A) B?;@;A) ;) 9)

R$#%&#%.K#/) -#&&#$'#K)RK"'S'3#&,)
9#K=C10/$'N'F&)

I:=I7=A) B?;@?;) >:@<A) ;) T)

*/(#"#/$,)-BA=B>,)
C3"#DE/.3F+)

*K3'=2/0+P'KP)*PFK3$) II>;;=B;=A) I>@5A) >;@<A) ;) 9)

U#&%"#/'KF) *K3'=2/0+P'KP)*PFK3$) BBA=?B=<) ;@7;) 7@<A) ;) 9)
*1'KF$,)VE+&#PFK.3F+)
W.//#X)*/JE/,)*(F3.3F$)

9.) IB:?A=;?=<) 7@5A) A@IA) ;) 9)

-&E$3.//'KF)2'/'(.) 2.K+)-#K3&#/) B><A<=IA=:) I,:I?@<I) ;,AA?@:A) 7) 9)
*/01'K.)GD'+F) 2.K+)-#K3&#/) B7>>=5<=B) B,5?5@:A) ?;I@IA) 7) 9)
R&#K)GD'+F)4QF5#78) 2.K+)-#K3&#/) B7A?=7:=B) B7I@A<) BAA@:A) 7) 9)
!#3.$$'01)GD'+F)4Y5#8) 2.K+)-#K3&#/) B5B7I=>;=:) B7I@A<) BAA@:A) 7) 9)
-./('01)GD'+F)4-.#8) 2.K+)-#K3&#/) B7A;=:<=<) :>@<A) ;;@>A) 7) 9)
2#+'01)20/N.3F) Q&'(3'#K)LF+0(F&) ::;:=<5=I) 5I@7B) BA@>A) 7) 9)
!F3&#/F01)9.%"3".) 20&N.(3.K3) I<??A=7;=5) 57@?;) 57@5A) 7) 9)
UF$'3E/FKF) ZCU[\2RQRCL) BA<=I:=<) 7@A:) 5@>A) 7) 9)
5=UF&(.%#F3".K#/) -#&&#$'#K)RK"'S'3#&) IA=5>=5) 5@;A) 5@BA) 7) 9)
B,5,7=W&'1F3"E/SFKOFKF) ZF10/$'N'F&) ;5I=:7=<) B@>A) B@BA) 7) 9)
20/N0&'()*('+) *$%"./3FKF)Z'$%F&$.K3) :II>=?7=?) A@B<) A@B:) 7) 9)
Q#&1./+F"E+F,)!#/E1F&)]'3")
>=4B,B=Z'1F3"E/F3"E/8!"FK#/,)
5=UF3"E/#D'&.KF)*K+)
GD'&.KF)

ZF10/$'N'F&) 7A:A>=I>=>) A@A;) A@A>) 7) 9)

-E(/#%FK3.$'/#D.KF,)
5,5,>,>,I,I,<,<,BA,BA=
ZF(.1F3"E/=)

Q&'(3'#K)LF+0(F&) ;>B=A5=I) A@A5) A@A5) 7) 9)

20/N0&'()*('+)*11#K'01)2./3)
4B658)

Q&'(3'#K)LF+0(F&) ::<7=5A=5) :@5A) :@5A) 5) T)

Z'F3"E/FKF)^/E(#/) -#&&#$'#K)RK"'S'3#&) BBB=>I=I) A@;A) A@>A) 5) T)
2'/'(.,)*1#&%"#0$)=)Q01F+) Q&'(3'#K)LF+0(F&) :I7B=<I=?) A@5A) A@5A) 5) 9)
2'/#D.KF$)*K+)2'/'(#KF$,)Z'=
UF,)LF.(3'#K)!&#+0(3$)]'3")
2'/'(.)

Q&'(3'#K)LF+0(F&) I::I5=?A=:) A@5A) A@5A) 5) 9)

2'/'(#KF)G'/) Q&'(3'#K)LF+0(F&) I7B>=<I=5?) A@5A) A@5A) 5) 9)



48 
 
 

!"#$%&'&()*+$%,)-'./
0.0.1.1.2.2.3.345#&)6'&7"$4/

8(+#&+%-/9':;#'(/ <<242=40/ >?>0/ >?>0/ 0/ @/

A'&()*%:+;6/
B&7"$'-':+)6+-'&'&())#'&)&'/

8(+#&+%-/9':;#'(/ 214>043/ >?>0/ >?>0/ 0/ @/

!"#$%7',)*+$%,)-'./
0.0.1.1.2.2.3.3.C>.C>.C0.C04
D%:'#)6'&7"$4/

8(+#&+%-/9':;#'(/ <1>4E=42/ >?>0/ >?>0/ 0/ @/

F%:+;6/G":(%,+:'/ 8(+#&+%-/9':;#'(/ CHC>4=H40/ >?>0/ >?>0/ 0/ I/
!)$#+;6/!7$%(+:'/J!)#$0K/ F)$&/ C>>1H4<041/ C.=EC?=>/ C.=EC?=>/ C/ @/
G":%#7$%(+#/L#+:/ M'$$/F&+6;$)&+%-/ 2=1=4>C4>/ =3=?E>/ =3=?E>/ C/ @/
L6+:'*./A)$$%N./@4OH4
JD+6'&7"$)6+-%KP(%Q"$R./@4
5,+:'*/

D+S'(&+-T/LT'-&*/ 2321=4==43/ 0E0?0>/ 0E0?0>/ C/ @/

P(%Q"$'-'/U$"#%$/ D+S'(&+-T/LT'-&*/ <=4<<42/ C=E?3>/ C=E?3>/ C/ @/
5#&)-'/F;$V%-+#/L#+:/ 5&7'(/W-T(':+'-&/ <H014314</ C<=?1>/ C<=?1>/ C/ @/
A7+%T$"#%$+#/L#+:/ !%((%*+%-/W-7+X+&%(/ 234CC4C/ E3?>>/ E3?>>/ C/ @/
D%:'#"$X'-Y'-'/F;$V%-+#/
L#+:/

F;(V)#&)-&/ 0=C=243=4>/ E1?1>/ E1?1>/ C/ @/

P(%Q"$'-'/U$"#%$/
Z%-%6'&7"$/B&7'(/JPT6'K/

F;(V)#&)-&/ C>=4E340/ E1?1>/ E1?1>/ C/ I/

045,+()-'6'&7)-)6+-+;6./
@.@.@4A(+6'&7"$4./!7$%(+:'/
JC[CK./G%6%Q%$"6'(/

!$)"/F&)X+$+Y'(/ <C3H34HC41/ 2>?C>/ 2>?C>/ C/ @/

B&7)-)6+-+;6./@.@.@4
A(+6'&7"$404OJ04Z'&7"$4C4
5,%404P(%Q'-4C4I$K5,"R4./
Z'&7"$/F;$V)&'/JC[CK./P%$"6'(/
M+&7/04P(%Q'-)6+:'/

U'$$+-T/LT'-&/ 02>>240041/ 1E?3>/ 1E?3>/ C/ @/

L(%6)&+#/L6+-'./A%V)/F)$&/ !%((%*+%-/W-7+X+&%(/ 01?H>/ 01?H>/ C/ @/
!)$#+;6/\(%6+:'/ F)$&/ ==3E41C4</ C=?E>/ C=?E>/ C/ @/
!)(X%-+#/L#+:/F%:+;6/F)$&/
JC[0K/

@)/ 1E=4CE43/ CH?2>/ CH?2>/ C/ @/

U$"#%$+#/L#+:/ F#)$'/9'6%S'(/ =E4C14C/ E?3>/ E?3>/ C/ @/
F;$V%-+#/L#+:*./!C14C24
L$])-'/G":(%,"/L-:/!C14C24
L$]'-'./F%:+;6/F)$&*/

@)/ 231HE4<=42/ <?1>/ <?1>/ C/ @/

D%:'#"$X'-Y'-'/JW6Q;(+&"K/ @L/ C0H4>C4H/ <?1>/ <?1>/ C/ @/
L#'&%-'/ @)/ 2=4214C/ H?2>/ H?2>/ C/ @/
U$"#'(+-'/ F;(V)#&)-&/ <243C4</ >?0>/ >?0>/ C/ @/
L#'&%Q7'-%-'/ !%((%*+%-/W-7+X+&%(./

!$')-'(/
E343240/ >?>C/ >?>C/ C/ I/

^/!7'6+#)$*/6%*&/V('_;'-&$"/;*':/+-/)#+:+Y)&+%-/)-:/-%&/V('_;'-&$"/;*':/+-/7":();$+#/V()#&;(+-T/

/

/

/



49 
 
 

!"#$%&'()&*+%,-."$/&01&2"34-5&6.-7-8"3-9:&;"/&4%<943%7&39&'*6=2>?&@-/3%7&#A&>%.4%"/-:B&C4%DE%:.A&91&
F/%&

*+
%,

-.
"$
&

G:
B4
%7

-%
:3
&

HE
4<
9/
%&

*6
'&
&

2
"5
-,

E,
&

;I
B?
J3
4%
"3
,
%:

3&

6K
%4
"B
%&

;I
B?
J3
4%
"3
,
%:

3?
&

C4
%D

E%
:.
A&
91
&F
/%
&&

6-
4&!

95
-.
&&

!"#$%& '"%%($%& ))*+,-.,/0& )12.+3453& **23+*463& 1& 7&

89:%;<=>;%(<&?<(:& !$>>&@#(AB>"#(;C& )16),3-,3& /265-4.3& +263.463& 1& D&

?AA;C(BA&'=>;%(:$&
EE7=6F'>F&

G(HI>"<$A$C#&J>B(:& -+-+/,3+,50& -23/54+*& 1-6463& 1& 7&

K$#="C;>& ';%%;H(;C&LC=(M(#;%& 1),/1,-& )534/3& +5*433& 1& D&

89:%;N>B;%(<&?<(:& !$>>&'>$"C;B#& )116,*5,*0& 1.54-*& +/)413& 1& D&

O#=9>$C$&P>9<;>&
K;C;MB#9>&O#=$%&

@;>Q$C#& ---,)1,+0& +6+436& .-4+3& 1& D&

'(#%(<&?<(:& L%;C&';C#%;>& )),5+,5& +3-4-3& .*4*3& 1& 7&

8$"Q9&?%;A"#(<&7"I=#="& @;>Q$C#&G(HI$%H"C#2&
OAB>H(N($%&

16)6+,56,/& -6+41-& *5413& 1& 7&

R%;I"%S9>&?><;=;>& ';%%;H(;C&LC=(M(#;%& -3),-5,)& -+4-6& /4)3& 1& 7&

O#=9>&T<#9C;>& ';%%;H(;C&LC=(M(#;%& /.)),6+,5& -+4-3& /4*.& 1& 7&

LH;UB(C;>(C$& ';%%;H(;C&LC=(M(#;%& --5,1/,*& -+4-3& /463& 1& 7&

G,V(A;C$C$& @;>Q$C#2&G(HH;>Q$H&
R"%%"N(C&?C:&?HI=">#$C$&

-*.,.1,*& -/)456& .54.3& /& 7&

WB(C">:(C$& ';%%;H(;C&LC=(M(#;%& 5-,1*,6& -+4-3& /463& /& 7&

R(C$&T(>& ';%%;H(;C&LC=(M(#;%& .33+3,53,*& -+4-3& /463& /& 7&

X9>$C$& @;>Q$C#& -**3,+3,)& -21-*41-& -21-*41-& +& 7&

O#=9>M$CY$C$& @;>Q$C#& -33,6-,6& 6.643.& 6.643.& +& 7&

Z;>B$C$& @;>Q$C#& -3.,..,*& -14-6& -14-6& +& 7&

0&'=$A(<">H&A;H#&N%$UB$C#>9&BH$:&(C&"<(:(Y"#(;C&"C:&C;#&N%$UB$C#>9&BH$:&(C&=9:%"B>(<&N%"<#B%(CS&

!"#$%&'L)&*+%,-."$/&91&2"34-5&6.-7-8"3-9:&;"/&4%<943%7&39&>0MMN?&@-/3%7&#A&>%.4%"/-:B&C4%DE%:.A&91&
F/%&

HE
4<
9/
%&

*+
%,

-.
"$
&O
",

%&

*6
'&
P&

2
"5
-,

E,
&

;I
B?
J3
4%
"3
,
%:

3&

6K
%4
"B
%&

;I
B?
J3
4%
"3
,
%:

3?
&

C4
%D

E%
:.
A&
91
&F
/%
&

@;>Q$C#2&
'>$"C$%&

O#=9>$C$&P>9<;>&K;C;MB#9>&O#=$%& ---,)1,+0& -625./433& )26./453& +35&

["H$&J>B(:& !"#$%& ))*+,-.,/0& +2)/)2*1.463& *-*23-3453& -5.&

& O#=9>$C$&P>9<;>& -3),+-,-& /14*/& -3463& -53&



50 
 
 

!"#$%#&' ()*+&*+$%*"' ,-.,/.0' 1203/4/3' 5-6450' 375'

' 8*%9"':;#%*"'<=;*>9"$=#' ?03,.65.?@' 36-4/1' 634/0' 3-,'

!*&&*)A*%'
(%;ABA=*&'

C#=;$%*"' ,-.5,.3' /120,1461' ,0/4-1' 3-6'

D*"E#%=' F9G&*H;"*&AH'IHAG' -,6-.03.0' 1502717476' -02700400' 3,1'

I%=A.
D"JGKA%K'
IK#%='

L*G#H9"B#%M#%#'DJ"N*%AH'IHAG' 1-3-,.7-.0' -275,471' 1215,400' 35?'

(%=#%)ANA#&' O*&PAH'IHAG' ,6.37.,' 3,230,46-' /2-,7400' 365'

(&*%'
Q#GJHA%K'
IK#%='

!A=&AH'IHAG' --.?1.?' 3/255/403' 1201/450' 366'

' <=;*>9"$=#G'F#>$%*"' ,76/?.65.1' 12655415' -?/4,0' 36/'

' !A%%$P$"G#;9G#' 306.55.1' 5230,4?/' 32,57400' 361'

' LA#=;9"#%#'R"9H*"' 333.6,.,' 5203/4?,' 32,?3470' 3/?'

' :*"9ST>9.321.<=;$%#GA9"U2'I"+;$.F#>9".
TP#K$.'

/3-1,./6.7' 52/-641/' 325??450' 3/3'

' 1.<=;9"'F#>$%*"' 306.-,.-' 32/6/45,' /?,4/0' 3/3'

' I"H*;*")2'!31.3,2'<=;*>9"$=#G' ,7553.31.1' /26//40/' ?75470' 335'

' <=;9"#%#'T>AG#' -5.13.7' 0400' 0400' ?5'

' IPA%#'T>AG#)2'!*H*$"V9"GAP#=;9"' ,3-77.?0.-' 32/3140,' 53/4,0' 7?'

' D*GAJP'(*GAG#' -,73.71.5' -0-430' ,0470' 7?'

' W#%M$"G#;9G#' 300.51.-' 17-455' 30/430' 7?'

' !*++#&'LAH;"*&AG#' -66-./?.6' 347-' 04-3' 7?'

D*"E#%=' IH#=AH'IHAG' ,6.3?.-' 3,230,46-' 62010410' -?'

' DA"AH$2'IP*&+;*J)'.'OJP#G' -,/3.7,.?' 7406' 3470' -7'

' IPP*%AJP'WAN"J*&AG#' 3/63.6?.-' -1266/4?6' 3-23?6450' --'

' F9G&*>9"$PA%#'F9G&*H;"*&AG#' 56-0.33.3' ,534??' 113460' ,1'

' F9G&*N"J*&AH'IHAG' -,,6./?./@' -2-,04,,' 327,74,0' 63'

' IPP*%AJP'!;"*&AG#' 31315.01.?@' ,62316475' 3?2,-7470' /-'

' :*"9#=;9"#%#'T>AG#' 15/11.,7./' /104,1' 154?0' 1/'

' :*=$))AJP'IH#=$=#' 31-.07.1' 54,/' 04-0' 13'

' X;A*J&#$2':*"9P#&'YA=;'O*&P$"G#;9G#'
$%G'3.:;#%9"#=;$%*%#'

,75'1-.6?.3' ,267/43,' 765400' 10'

' O$==9'IHAG)2'X$"".TA"' ,3-?0.31./' ,267/43,' 765400' 10'

' I"H*;*")2'!36.352'<=;*>9"$=#G'S-<TZ' ,7?53.,-.-' /210,416' 1??4,0' 10'

' :&*+$&K9"'I"H*;*"' 30-.3?.-' /210,416' 1?64/0' 10'

' I"H*;*"2'!33'[A%#$&2'<=;*>9"$=#G' /6/?7.03.3' ,674/1' 3334?0' 10'

' F#$E9'I&*P$=AH'8$+;=;$' ,6-61.?6.5' ,647/' 35430' 10'

' :&*+9"#%#'R"9H*"' 5-.55.,' -47,' 34,0' 10'

' 8$+;=$"#%#'\(P+J&A=9Z' ?3.10./' 34-3' 547/' 10'

' I"V#%#)2'!]30'I.' ,6-6/.01.7' ,674/1' 65450' 3?'

' D*GAJP'R"9H*"$=#'S(P+J&A=9U' 17/,./1.0' ,674/1' 77430' 3?'

' X&A)*GAJP'<=;9"#%#GA$PA%#=#=&$$H#=$=#' 350./7.?' 5,/450' 5-460' 3?'



51 
 
 

!"#$%&"'()*

* +,-"%#*.(-&,/"-0* 121345246* 782973* 759:3* 1;*
* <=>,?,=@*A1141:@*B'?,"&(=C'0-* 5D2234614;* 263986* 23953* 1;*

* <=>,?,=@*A;4114!E,@*A13@*B'?,/(=C'0-* 5D2234634D* 263986* 23953* 1;*
* <=>,?,=@*A54;4!E,@*AD@*B'?,/(=C'0-* 5D2234*1;47* 263986* 23953* 1;*

* F%C'0&GC&(*<##,G"%#*A,#$,%G-E*
A?=,&"-0E*H0&"IC'"I0E*

8D;D;4334:* 263986* 23953* 1;*

* J&"E,-"%#*K"'&"=,'&"C>0'C'0*L!#$%&"'(M* 738:42142* 263986* 23953* 1;*
* B'?,/(=C'0-*N&,$,/(=C'0-*:4

K,G(=$?0G,=4O,&#C=-0?(-0*P0E"G*
23D:842748* 263986* 23953* 1;*

* H"E,-"%#*B'?(=0G0*H=C#"G0*J0'&C*
<>0'C'0*Q!#$%&"'()*

12;42242* 263986* 759:3* 1;*

* +%=R%&">*<>"-* 588:4;24;* :936* 1967* 1;*

* +,-"%#*B('?,&SC'0* 82D145545* 2@63896:* 6;69D3* 1D*
* <=>,?,=@*A;4A11@*B'?,/(=C'0-* 8D:2;4:842* 8:D926* 81953* 1D*

* T0'?(=*U/"&CG0*N,=(#0&*V"'?*U/"&CG0* 67;:4864D* :359;;* 689:3* 1D*
* N,'CEE"%#*U=0C'0* 1:241D43* 7982* 3975* 1D*

* W"G0C&XY&CG>?0-*<=>,?,=*B'?,/(=C'0*
L110,M*

16532846:46* D@3:39:8* D59D3* 18*

* J0'&CE,-"%#*
B'?(=0G0-"C#"G0'0'&CC>0'C'0*

8:4364D* 1539;7* DD973* 18*

* A,>,4<#"-,4N&,$(=C#=G0*U/"-0* 8D17743;4;* 15913* D9D7* 18*
* <=>,?,=E@*A1341:@*B'?,/(=C'0-* 88:7741743* 15913* D9D7* 18*

* Z=(>0&,=* 784D147* 15913* 1:1973* 18*
* H"C',#C>0,%E*BC&'?@*AC=>"G0-* ;137242;42* 13968* D9D7* 18*

* H">,>,*H"#0'?(=*F%C'0&GC&(*
<##,G"%#*A?=,&"-0*

815D;45542* 1951* 39DD* 18*

* H",>'(=*+%=R,E%>>"GC'0*+,-"%#*+C='* 75541145* 1951* 39DD* 18*
* TC[G0E"%#*A?=,&"-0* 55D842342* 1932* 39DD* 18*

* A&(E'C=="G0*+"=">C\*F%C&']*L+",6M* 1:D3D48345* 39;:* 391:* 18*
* H,-0>(=S0G]0G0*L!#$%&"'(M* 16243142* 3915* 39DD* 18*

* U=0">*<>"-* 1164D341* 3915* 393;* 18*

* A&,EE="G='0-*NUXBU4Y=,>^*N,=(#0&* 8D16241D46* 15913* D9D7* 17*
* 74A?=,&,464T0'?(=46?4WE,'?"C],=,=424

UG0*
681564774:* 1951* 39DD* 17*

* TC[G0E"%#*K"'&C'0* 1325548342* 1951* 39DD* 17*

* 64T0'?(=46?4!E,'?"C],=424UG0* 68D64634:* 3915* 393;* 17*
* A&"E',SC="'0* 1::8:4:841* 3913* 393;* 17*

* .(-&,/(=C#"G0*.(-&,>?=,&"-0* 123:46646* 85:9;8* 6:;923* 1:*
* B'"-&,G">*<>"-* 6D3;4614:* 8@:82965* 2@D6:973* 8*

* N,=(C#"G0E* 8DD1748741* 627987* 1139:3* 8*
* B'?,/(=C'0-*<=>,?,=*A16417* 8D12142;47* 782973* 11D913* 7*

* Z%C&*Z%#* ;33342343* 263986* D69D3* 7*

* A"'&%E*J0&$0G0E* ;:6884:54:_* 2;965* 669:8* 7*



52 
 
 

! "#$%&'()*+,!
-$./0#1#)*&,*1#$#$%&&2#$&$#!

3456758! 3948:;<3! <<964=;76! 4!

! >.('?.(1*2!@2*)! <:=A85:357! <9A84;=6! <93B6;66! 4!
! C#$./0!DE*%&1#!>(0/,#%!F*$.!DE*%&1#! A66:5<<53! =3:;=6! <=7;86! 4!
! <975-$.&1#)*&,*1*+,9!G<9G75H*'I75

IH*'J75
K/)%(E/#$./0LC#$./0&,,(1*(M-$./0M5
G<9G75H*'J75K/)%(E/#$./0L5G<9G75
N*,#$./059!O.0(%*)#!J<P4L!

<:88BA5A454! 4BA;A6! :7<;=6! 4!

! -%/$.(%Q*2!@2*)! 8A53=53R! 4B8;87! 7<6;B6! 4!
! <5D2$&)#2#1#!JO<8L! <<75885A! :76;37! <88;=6! 4!
! -$.&1(0! 345<B5=! <:8;76! <6:;=6! 4!
! "ST-"KUV-G-!WVUODV! <<757B53! <67;<7! =8;=6! 4!
! X*0&1#$%*(Y!J:5

@,*1(?%(?/09K(,(?(0/,#%L!
3846656B5B! <6<;<=! 8<;B6! 4!

! G(1*(1*2!@0Z(E/0&$#! B6==A57=56! B8;==! 4=;66! 4!
! :5@,*1(?%(?/0!JX*0#&1#$%*(0L! =8<365AA5A! <B;38! <:;36! 4!
! -$.(E/0&$#)!O&'$(%!D*0! 3<BA<5<753! B;83! 4;=6! 4!
! N*#$.&1(0&,*1#! <<<54757! 4;67! :;66! 4!
! C#$./0!T'(Q+$/0![#$(1#! <685<65<! 4;67! :;66! 4!
! \/0#1#! <::65765B! <9<84;A<! 387;<6! :!
! K/)%(2&%Q(1!S#'*1! <766754:53! 3:3;:6! 4:B;A6! :!
! DE/&0Z/0&$#)!]&$$/!@2*)! 3<BA<56657! <8:;:=! <76;76! :!
! 75K/)%(E/$%*,#$./0#1#9!

H*'J"%*,#$./0&,,(1*+,L!N*2.0(%*)#!
==3:356A54! 8B;7:! 36;=6! :!

! "%*#$.&1(0&,*1#! <675B<53! =7;74! 4<;:6! :!
! -$.(E/0&$#)!@02(.(0! 3836:57=58! 46;<8! :<;86! :!
! ](%,&0)#./)#! =656656R! :7;63! <7;B6! :!
! ^+&$#%1&%/!@,,(1*+,!O(,?(+1)! <66B3=5=B5A! 77;A7! <=;66! :!
! DE/&0Z/0&$#)!@0Z/0?.#1(0! <7B68B58B56! <7;7:! <6;76! :!
! >&%&__*1*2!>#$%(0#+,!N*'$*00&$#! 34B475==58! <<;:6! 8;67! :!
! >($&''*+,!T()*)#! B38<5<<56! A;<B! 3;66! :!
! <9794!"%*,#$./0Q#1`#1#!JT,?+%*$/L! A=53:53! =;3:! 4;3A! :!
! >(0/&0Z/0#1#! BB=35A45B! 4;=8! :;66! :!
! T'($%*)#2&1(09!-$.(E/0&$#)! A64:5:65=! 6;A4! 6;BA! :!
! K#,*2#00+0&'#!-1`/,#!O(12#1$%&$#! A67=5=35:! 6;::! 6;7B! :!
! 75H+$(E/5<5>%(?&1(0! <=87<58:5B! 6;67! 6;67! :!
! H#1`(*2!@2*)! 3=58=56! 3948:;<3! <A97B7;86! 7!
! G*$%*0($%*&2#$*2!@2*)! <:A5<:5A! :9763;74! <9A7B;:6! 7!
! >-"SDV-aC!G@>K"K@! 34B4754B58! =3:;=6! :<B;46! 7!
! K#E&)#25<5-1#! 37A5B!:57! =3:;=6! 447;<6! 7!
! -$./0Q#1`#1#! <6654<54! :==;4B! :63;A6! 7!
! H#1`/00&+%/0)*,#$./0&,,(1*+,!

O.0(%*)#!
<:A56B5<! :76;37! <88;=6! 7!



53 
 
 

! "#$%&!'&%(!)*+",+-! .,,/+0+10+! 2,132.! .453/,! 2!
! 67$!"7898:!;<%=#>%=9!?9$%@83:!"9=AB>!

CD>#$%(9!;<7E9$=%A9(!
F2/4,0F,0F! .+F31.! ..43F,! 2!

! 'GG#=%<G:!?%7>>B>(%G9EDB>0:!CD>#$%(9:!
H#>BG9$8!

2I,I20F50+! 1I3+1! //32,! 2!

! ?%G9EDB>J9=AB>GB$%8EB>7GG#=%<G!
CD>#$%(9!

.+50,402! +23,I! .434,! 2!

! K<>L9$%A9(!H#>B#>9L%=! I4,+F0.+04! 22352! .534,! 2!
! MNB7>OB>7E9(!'>OB>PD9=#>! 2I,2F0+40+! .232+! .,32,! 2!
! "9=AB>(%G9EDB>7GG#=%<G!CD>#$%(9! .220.405! 13I+! /3/,! 2!
! CD#>%=9!CD>#$%(9! IF0/40.! +2:,I23/2! +2:,I23/2! .!
! K#(%<G!CD>#$%(9! FI/F0./01! 2:..F3I,! 2:..F3I,! .!
! HDED7>%&!'&%(! 440550+! I+I3+,! I+I3+,! .!
! HDED7>%&!'=DB($%(9! 410//05! I+I3+,! I+I3+,! .!
! QED7=7G%=%<G:R:R:R06$%G9EDB>0S9EDB>0

MN#:!CD>#$%(9:!H#>BG9$!T%ED!
H$#P9=7G%(9!

+1/250.50F! 1I+31,! 1I+31,! .!

! U%=B>!C#P#>BG9$! +4.5+0I,0.! F435.! F435.! .!
! 69E$7G9EDB>7GG#=%<G!CD>#$%(9! F101F0,! I/34+! I/34+! .!
! C./!'>PD7!M>9%=!QED#NB>7E9! 4/.++01,0I! 1I3+1! 1I3+1! .!
! MNB7>OB>7E9(!'>OB>PD9=#>%&!V98%=! I+/2405202! 1.3//! 1.3//! .!
! K#(%<G!"$#G7E9! FF450+40,! +23,I! +23,I! .!
! W%XDE!'$#G7E%&!R7PDED7! I/F/20510I! 43,/! 43,/! .!
! ?%7GG#=%<G!H9$#N%(%8<>PD7E9! FF2F01/0,! I3/4! I3/4! .!
! MNB7>OB>7E9(!'>&#D#>! I4,,205F0.! 13.1! 13.1! .!
! H#>B#>!Q8E9$! .++40/+04! +3,,! +3,,! .!
! H#>BX>B&#>!Q8E9$! 5,,10IF04! 23/+! 23/+! .!
! S98%EB>9=9! .,40IF04! .3I+! .3I+! .!
! .:2:+06$%G9EDB>J9=A9=9! 12I0F+04! ,342! ,342! .!
! .0"<E#NB020H$#P7=#>! 1.+.0II04! ,3FI! ,3FI! .!
! '>OB>7$B>!K<>L#=7E9! I414/02F0,! ,3++! ,3++! .!
! C<G9=9! 5404204! ,3.4! ,3.4! .!
! H#E788%<G!*B($#N%(9! .+.,0140+! ,3..! ,3..! .!
! '&$B>7G%(9! F50,I0.! ,3,I! ,3,I! .!

Y!CD9G%&7>8!G#8E!L$9Z<9=E>B!<89(!%=!7&%(%A7E%#=!7=(!=#E!L$9Z<9=E>B!<89(!%=!DB($7<>%&!L$7&E<$%=X!

!

!

!

!

!

!



54 
 
 

!"#$%&'()&*+%,-."$/&01&2.-3&45".675-89&:"/&5%;056%3&60&<=>>?@&A-/6%3&#B&<%.5%"/-89&45%C7%8.B&01&D/%&
*+

%,
-.
"$
&E
",

%&

*2
'&
F&

G
"H
-,

7,
&

:I
9@
J6
5%
"6
,
%8

6&

2K
%5
"9
%&

:I
9@
J6
5%
"6
,
%8

6@
&

45
%C

7%
8.
B&
01
&D
/%
&

!"#$%& ''()*+,*-.& +/(+'/'01& '2'/,,34,2& +2&
567%89:;8%<9&=9<7& '13'*2+*2& -'/,(0423& ),/1(-432& +2&
>#<7%8?<9&=9<7& ),20*)+*3& )3/0'34'+& ,/21-4)2& +2&
>#:6;$?$&@;698;&A8?8BC#6;&>#:$%& +++*'1*).& +2/0)+411& 3/'+-4,2& +2&
D<#%CE&F$%G$?$E& 03)11*3'*3.& 1/)1)4-)& )/3'2412& +2&
HE8G%8G"?8;& 1'*1(*2& +/1')431& ,(,4-2& +2&
I8;68J6";K6;$?$E& 1,3(0*&

3-*)&
,()4',& +(04)-& +2&

I8;6"L<?$E& 1,,+-*1-*+& -(14+-& )-+422& +2&
567%8M;C8%<9&=9<7& '113*(0*(.& )3/0'34'+& +3/+1,4-2& 0&
I:8EG:8?<9&=9<7& +(-0,*(1*)& '/11,4)+& 3/((0432& 0&
D<#%<9&=9<7& ''*0)*0& -/-+04-2& (/2+-411& 0&
NJ6";K6;"#$7&=L<?$&OC"#& +(,,'0*&

03*3&
+/'2'4)3& 0214-2& 0&

>%6#:8%B<9&=9<7& ,0*1-*1.& +/2'-4+'& -014,2& 0&
>#:"?8;& 13*+'*-& ,-'4++& +,-402& 0&
P<;"?$#%<8Q&R(*=L<?8G%8G6;/&58L8G8;6L$%S& 1,322*2'*'& ''3400& 32(422& 0&

T6;$?$& +((2*)2*'& 11342'& )234+2& 0&
D89"L<78G%8G6;&U$#"<?$& 1+',0*32*2& 3)34,+& (12422& 0&
FVH>F5WX>Y>&@XWDNX& ++)*)'*1& )((4+,& +),4'2& 0&
Y8?<8?<9&=;K8J6;"#$& '2--0*)-*2& +'04(1& 00422& 0&
(*=L<?8G%8G6;&RP<;$"?$#%<8;S& -,+12*00*0& +)04+'& 1'4+,& 0&
@C"%&@CL& 0222*(2*2& 1042(& ()412& 0&
I"%"MM<?<9&I$#%8;$CL&Z<E#<;;"#$& 13'3)*--*,& (34-+& +14(2& 0&
I>FVNX>[A&Y=I5F5=& 13'3)*3'*,& (34-+& +14(2& 0&
D%6E#";;<?$&P<;<9"/&OC"%#\& +3,2,*12*'& -4'-& )4'2& 0&
HE8#%<7$9"?8;/&>#:8J6;"#$7& 023(*(2*-& -4'-& )4'2& 0&
+*UC#8J6*)*I%8G"?8;& -+(+*11*,& 34+,& )4')& 0&
5$L<9$;;C;"E$&>?\6L$&D8?9$?#%"#$& 02)-*-1*(& +420& 24-0& 0&
)*UC#8J6*+*I%8G"?8;& +-,)+*,(*'& 24+(& 2421& 0&
]8%L<9&=9<7& 13*+,*1& 1/2004-(& (/2++402& ,&
567%89"%B8?&V$E<?& +)22)*3(*1& )/()3410& +/)-'422& ,&
NJ6";K6;"#$7&]"##6&=9<7& 1+'0+*22*)& +/+3241(& 1(2422& ,&
F"%&U"E$E/&OC<?8;<?$&Z$%<^E4/&U$?\6;&D:;8%<7$&
OC"#$%?<\$7&

')3,2*'2*'& ,--4-)& 3')4-)& ,&



55 
 
 

!"##$%$&'()*'(+ ,-./00/1+ 200301+ .4130-+ 2+
56&7(8"9('+:;&*;&(7"#+ <2-=4/,=/2+ ,.130>+ 4232-+ 2+
?6$@(8#$8*+A%%;#"6%+!;%B;6#'+ ,--4<0/04/>+ ,.130>+ 4232-+ 2+
:;@$CC"6%+D;'"'(+ 4<2,/,,/-+ 043-=+ =,30-+ 2+
:;&*$&E*&(#(+ 440</>./4+ 1230,+ ,034-+ 2+
:;@$CC"6%+AF(@$@(+ ,14/-2/1+ ,.31<+ 43>-+ 2+
AF(@"F+AF"'+ <./,>/4+ =G2->3.,+ 1G=2.3=-+ 4+
5;'"6%+!)&;8"'(+ 4<.4/,./0+ <0.32-+ 0=03,-+ 4+
H8"(@)$#;&$%"#(+ ,-1/4,/<+ =G>4-3..+ 4=23>-+ <+
IJ*$&E*&$@('+A&E*&B)(#;&"F+K(C"#+ <=.12/+

>1/1+
=>23,4+ 1<23<-+ <+

L"M)@+A8;%$@"F+N$B)@)$+ <.4.1/>0/<+ <131=+ .13--+ <+
,G1G./H8"%(@)*&O(#9(#(+ >0/<=/<+ .-3..+ 143=,+ <+
P(C"@*&(#(+ ,-2/<4/2+ ,13<=+ 0,3-,+ <+
,G1G=/H8"%(@)*&O(#9(#(+ 01</4=/2+ <3=1+ .31<+ <+
A&E*&$8*&+56&7;#$@(+ <202./14/-+ 1301+ ,34,+ <+
!6%(#(+ >2/21/2+ ,3=>+ -3>.+ <+
A%%;#"6%+!)&;8"'(+ ,1,10/-1/>Q+ 1-G>=13=0+ ,4G1<-3-=+ 0+
R;'(F*&O(#9(#(+56&7;#"F+AF"'+ 14,4</24/-+ 21-32=+ 1,=34-+ 0+
P(@)$#;&+ <4/0</,+ 4,030,+ ,0>3>-+ 0+
S@);J*&$@('+A&F;);&+ <2<-=/+

10/2+
14=3.<+ 4,31-+ 0+

P(@)*&+IJ"8$#(+:;&*%(8+T"@)+IJ"8$#(+ >--=/,,/<+ ,=<34=+ =03<-+ 0+
!$B8*&$%"';B8;B*&+U(@$"#(+ 4=441/.</-+ .13.2+ =<3<=+ 0+
V&*F(8;&+ 0</2,/0+ .13.2+ =<3<-+ 0+
R"(@)$#;&$%"#(+ ,,,/.1/1+ 143.=+ 43,.+ 0+
P(@)*&+DC;O6@*&+W(@;#(+ ,-2/,-/,+ 143.=+ 43,.+ 0+
56&768"F+AF"'+ 4<<./>=/>+ 143.=+ 431-+ 0+
:;&*(@)*&(#(+IJ"'(+ 10=11/<2/=+ 143.=+ 431-+ 0+
S@);J*&$@('+A&F;);&+!,1/,0+ <2,=,/=>/0+ >3<<+ .3.>+ 0+
:;@$CC"6%+X*'8;J"'(+ ,=,-/02/=+ -32=+ -30-+ 0+
N$B)@)$&(#(+ >,/1-/=+ -3-=+ -3-1+ 0+
:)@)$&"F+AF"'+ 22/>>/=+ 1G=1.3<>+ 1G10,3.-+ .+
:)@)$&"F+A#)*'8"'(+ 20/../>+ 1G=1.3<>+ 1G10,3.-+ .+
S@)*&O(#9(#(+ ,--/.,/.+ ,>>311+ ,=<3>-+ .+
1/+X*'8;J*@8"%(@)*&(#(GU"CYH8"%(@)*&$%%+
I#"6%Z+R"F)&;8"'(+

00<=</->/.+ ,1-3-2+ 0.32-+ .+

S@);J*&$@('+!$C@;8+I"&+ <,4>,/,1/<+ <3..+ 13>.+ .+
:8;B*&(#(+V&*F;&+ 04/00/<+ <3..+ 13>-+ .+
H(8B(#(+X*'8;F$8O;#+ <2>0</0</>Q+ .G.4=31=+ .G1>-32-+ =+
N;#*&+:)(#;&+S@);J*&$@(+ >-,</.0/>Q+ <31-+ .34-+ =+
IJ*$&E*&$@('+A&E*&B)(#;&+ 1<-14/=2/=+ <31-+ .34-+ =+



56 
 
 

!"#$%&#%$'()*+%&#%,-(./%* 01234254253* 6713* 8723* 9*
:/;<=*+=<)*>?9:!9@* 0338959A59* 842769* 834729* 1*
B<"'C;(*!D*E<F(;*+.)*G;<F(;*H$''#*+=<)I*!D*
J.)(D<.<'(*K/F,/I'</.*E(;<L()*H;/F*G$%%*!<%*

602M350159* 14M79M* 08A76A* 1*

N;/,$;O#%*+%=/-/%* 03250M52* M6786* 84783* 1*
P<%<=$Q*+F/;,-/CI*5*HCF()* 26905465M* 90Q4MA79A* 90Q4MA79A* 0*
K;#I'$%%<.(*P<%<=$Q*K;<I'/R$%<'(* 0886858650* 90Q4MA79A* 90Q4MA79A* 0*
:(.S/<=*+=<)* 6A54A53* 1Q8347A3* 1Q8347A3* 0*
T'-#%(.(*U%#=/%* 03251050* 838790* 838790* 0*
N/%#/"#$%&#%(.(I* 64MA05*

6252*
14M79M* 14M79M* 0*

G-</C;($*N/%#F(;* 64A125*
8M50*

14M79M* 14M79M* 0*

+=;#%$F<)(*+=;#%$'(*K/,/%#F(;* VM3395365M* 0A87A9* 0A87A9* 0*
+%&#%R(.S(.(*PC%D/.$'(*K/F,)7*W<'-*15
N;/,$.$F<.(*

64A4851A54* 16723* 16723* 0*

+%&#%R(.S(.(*PC%D/.$'(*K/F,)7*W<'-*
G;<('-$./%$F<.(*

64A4851852* 16723* 16723* 0*

:(.'/.<'(Q*:(.S#%>?#);/O(.$'(*E*G$%%/X*
+%&#%@*E<F('-#%$FF/.<CF*P'($;$'(*K/F,%("*

01044456458* 03723* 03723* 0*

+%=/-/%IQ*K0850AQ*T'-/"#%$'()*>2T!Y* 64MA056252* 07M0* 07M0* 0*
P/)<CF*N/%#$=;#%$'(* VM33953852* 378A* 378A* 0*
Z$.'-$.*UCF* 0009456651* 378A* 378A* 0*
H/;F$%)(-#)(* A353353[* 3788* 3788* 0*
P<%<=$*U(%* 001M1653354* 3789* 3789* 0*
P/)<CF*PC%D<'(* 22A254952* 3700* 3700* 0*
P/)<CF*PC%D$'(* 22A254156* 3700* 3700* 0*
15B/./R;/F/595*\<';<%/,;/,</.$F<)(* 00095AA5M* 3732* 3732* 0*
05?("$)(=(.(* 61M52951* 3736* 3736* 0*
05!='$)(=(.(* 0015445M* 3736* 3736* 0*
05T<=/I(.(* V98A153250* 37330M* 37330M* 0*
05G(';$)(=(.(* 001359650* 37330M* 37330M* 0*
+=;#%/.<';<%(* 03250950* 373338* 373338* 0*
[*K-(F<=$%I*F/I'*D;(]C(.'%#*CI()*<.*$=<)<S$'</.*$.)*./'*D;(]C(.'%#*CI()*<.*-#);$C%<=*D;$='C;<.O*



57 
 
 

!"#$%&'()&*+,!&-./0"1%1&+2%345"$6&76%1&48&,5414948/&48&+"$4:;084"&<"00"8/%1&#=&1%50%"648/&:0%>7%85=&;:&76%?&
+2

%3
45
"$
&

+,
'&
@&

A
"B
43

73
&

<C
/?
D!
0%
"E
3
%8

E&

,F
%0
"/
%&

<C
/?
D!
0%
"E
3
%8

E?
&

-0
%>

7%
85
=&
;:
&G
6%
&

,5
41
&A

"4
8E
%8

"8
5%
&

A
"E
04B

&,
54
14
94
8/

&

,5
41
&-
0"
5E
70
48
/&

H7
0I
;6
%J

&

H0
43

"0
=&
*
+,

!&
K;
L
&

M
0"
1%

&N
%"
6;
8&

!"#$%&'() *+,-*,.) /012*0340) 0*.35*) -2-) !) !) !) 6'77'89'&)
:&$9;9#'71)<'&,
=>?(89@9"71)A&#9,
B(?CD9&D)AD"&#81)
E"##9&D)
B?7@%F#%&#1)6(%G)
B#%;9(9H"71)B'(I"&#)

J"I"('K>"&#%()L'M9&)NOB)<:P1)6%()
=QAR))
<"?7'#'M9&)NS%&F"#),)T7%&CU"%&)V)
S%&C79D%&R)))))
Q"7898#"&#)N=&I97'&>"&#)6%&%C%R)

PGC7'@(?'79F)AF9C) +**4,/W,/) 041W+43+.) 5-23-2) 0W2) !) !) !) AF9C9H9&D1)E"(()
B#9>?(%#9'&)

X%#%()9@)8Y%(('Y"C)NP/22R1)9&$%("C)
NP/.2R1)9&)F'&#%F#)Y9#$)8Z9&)NP//2R)
N=?7'K"%&)6'>>9889'&)N=6RR)
<"?7'#'M9&)NS%&F"#),)T7%&CU"%&)V)
S%&C79D%&R)))))
Q"7898#"&#)N=&I97'&>"&#)6%&%C%R)

Q'(G"#$G("&")T(GF'()<'&G(K$"&G()
=#$"7[)Q'(G)N\MG,.10,=#$%&C9G(R1)
A,N<'&G(K$"&G(R,E,PGC7'MG)

W2.*,4-,W]) .4+3/0) /230W) 0-*) !) !) !) <'&,=>?(89@9"71)
B?7@%F#%&#)

J"I"('K>"&#%()L'M9&)NOB)=QA1)LB6A)
679#"79%)>"#R1)
=&C'F79&")J987?K#'7)NOB)=QA1)LB6A)
679#"79%)>"#R)
Q"7898#"&#)N=6^\8(',Q%798)6'&IR)

=#$G("&")T(GF'() .2+,0.,.) 4243/.) ..3W2) 02.) !) !) !) 6("%&"7) J"I"('K>"&#%()L'M9&)NOB)<:PR))
<"?7'#'M9&)NS%&F"#),)T7%&CU"%&)V)
S%&C79D%&R)

X'7>%(C"$GC") -2,22,2]) /032*) 2300) .W.) !) !) !) 6'77'89'&):&$9;9#'7) 6%7F9&'D"&)N:&#"7&%#9'&%()AD"&FG)@'7)
_"8"%7F$)'&)6%&F"71)OB)=QA1)OB)<:P1)
6%()=QA`R)
)

aG("&") .//2,02,+) ..1-2W3W2) /*.3+2) .*W) !) !) !) B?7@%F#%&#1)
B'(I"&#1)

_"K7'C?F#9I")L'M9&)N6%#"D'7G).b),)
c%K%&)!=L:^!\=R)



58 
 
 

!"#$%&'()(*
+,"#(-"%)'.*
/%-%00,)*1)$,2,'3-.*
+(45&",0,(-.*
6&(%)(-*

7(5-3'38,)*9:%);('*<*=-%)>?(%)*@*
:%)>-,A%)B*****
*

7%#$'$%&()(* CD<EF<G* EHIFH* DIJC* DKC* !* !* !* L5-0%;'%)'.*73)<
M45&",0,(-.*L3&N()'*

6%-;,)3A()*9OL*71P.*6%&*M/!B****
!;5'(*!Q5%',;*R38,;,'S*9M6*PTFFB*

M'$S&2()U()(* DFF<TD<T* E.VJHIHF* VEITF* DKF* !* !* !* L5-0%;'%)'.*
L3&N()'.*6&(%)(-*

6%-;,)3A()*96%&*M/!B*
W(#-3>5;',N(*R38,)*96%'(A3-S*DX*<*
Y%#%)*ZMR1[Z\MB*
/(-","'()'*9M)N,-3)4()'*6%)%>%B*

654()(* CH<HE<H* DIGC* FIGG* DTK* !* !* !* +(45&",0,(-.*
L5-0%;'%)'*

6%-;,)3A()*9OL*71P.*6%&*M/!B**
7(5-3'38,)*9:%);('*<*=-%)>?(%)*@*
:%)>-,A%)B*

+,('$S&()(*=&S;3&* DDD<TK<K* V.FDGICK* D.KKJIHD* DTD* !* !* !* 63--3",3)*1)$,2,'3-* 7(5-3'38,)*9:%);('*<*=-%)>?(%)*@*
:%)>-,A%)B***

M'$S&()(*\8,>(* JV<ED<H* FIVF* FIFD* DFV* !* !* *  6%-;,)3A()*91)'(-)%',3)%&*!A();S*03-*
W("(%-;$*3)*6%);(-.*OL*M/!.*OL*71P.*
6%&*M/!]B*
Z5'%A()*9M6*WTKB*
+(N(&3#4()'%&*R38,)*9OL*71P.*6%&*
M/!B*
W(#-3>5;',N(*R38,)*9OL*71P.*6%&*M/!B*
7(5-3'38,)*9:%);('*<*=-%)>?(%)*@*
:%)>-,A%)B*
/(-","'()'*9M)N,-3)4()'*6%)%>%B*

L,&,;%.*!43-#$35"<^54(>* JKGD<HK<C* GD.HCVIGV* GCVIVD* HD* !* !* !* /-3##%)'.*^-,;',3)*
W(>5;(-*

\;;5#%',3)%&*6%-;,)3A()*9OL*6+6B*
/(-","'()'*9M)N,-3)4()'*6%)%>%B*

6-S"'%&&,)(*L,&,;%* DTHFH<KF<J* K.JKCIHK* VGJIJF* EH* !* !* !* L%)>*63)'-3&.*
/-3##%)'*

6%-;,)3A()*<*W("#,-%2&(*
91)'(-)%',3)%&*!A();S*03-*W("(%-;$*
3)*6%);(-B*

7,'-,&3'-,%;(',;*!;,>* DGC<DG<C* G.EFKIET* EHEIKJ* EJ* !* !* * 1-3)*63)'-3&* 6%-;,)3A()*9OL*71P.*6%&*M/!B*
Z5'%A()*96%'(A3-S*DX*<*Y%#%)*
ZMR1[Z\MB*

M'$%)3&* KT<DJ<V* HVJIDD* HTIDE* EK* !* !* !* _(&&23-(*6&(%)(-.*
6&%S*63)'-3&.*1-3)*
63)'-3&*

6%-;,)3A()*91)'(-)%',3)%&*!A();S*03-*
W("(%-;$*3)*6%);(-B*
W(#-3>5;',N(*R38,)*96%'(A3-S*DX*<*



59 
 
 

!"#"$%&'()*&+',-%
&./"01$%23"/10456%78%9%!"#"$%
&'()*&+',%
:15;<;/1$/%2'$=<54$>1$/%3"$"?",%

@<0A/%B54>"/<C%D"#A/A"% EFGFH9IJ9E% EHKHL% 7HKIM% H7% !% !% !% D4$9'>.N;<O<15% 3"5C<$401$%2'3%PLJQ-%RFJ,%
&./"01$%2'3%RFE-%PLFQ,%

35<;/4S"N</1% 7FFEF9FE97% L7-MIJKLJ% 7-IILKJF% 7E% % !% !% :54##"$/-%T5<C/<4$%
R1?.C15%

+CC.#"/<4$"N%3"5C<$401$%2UV%3W3,%
:15;<;/1$/%2'$=<54$>1$/%3"$"?",%

W<<;4#54#6N$"#A/A"N1$1*%
8<;2);4#54#6N,D"#A/A"N1$1%

LMEFQ9EH9I% HKJQ% 7KIQ% 7F% !% %  D4$9'>.N;<O<15% 3"5C<$401$%2UV%D)P,%
:15;<;/1$/%2'3*+;N49:"5<;%34$=-%
'$=<54$>1$/%3"$"?",%

(4N.1$1% 7QM9MM9L% EEQK77% 7FFKIM% 7L% !% !% % V4N=1$/-%
B;#A"N/1$1%
W<;#15;"$/%

W1=1N4#>1$/"N%(4X<$%23"N%':B,%
R1#54?.C/<=1%(4X<$%23"N%':B,%
:15;<;/1$/%2'$=<54$>1$/%3"$"?",%

:"5"OO<$<C%:1/54N1.>%W<;/<NN"/1%% EFGFH9JJ9M%% LFKJ7% 7FKHL% 7H% % !% !% % 3"5C<$401$%2'3%Y%R'B3P%B$$1X%Z[)),%
:15;<;/1$/%2'$=<54$>1$/%3"$"?",%

W<1/A"$4N"><$1% 7779FH9H% HGKFL% JKLQ% I% % !% !% 234554;<4$%
)$A<S</45-%
V.5O"C/"$/,%

3"5C<$401$%23"N%':B,%

&1/A6N%);4S./6N%\1/4$1% 7QM97Q97% HGKFL% JKLQ% I% % !% !% 2V4N=1$/,% 3"5C<$401$%23"N%':B,%%
W1=1N4#>1$/"N%(4X<$%23"N%':B,%%
D1.54/4X<$%2@"$C1/%9%]5"$?^1"$%_%
@"$?5<0"$,%

+X6"N`6N"/1?%BN`6N#A1$4Na%
:4N61/A6N1$1%]N6C4N%
&4$4285"$CA1?%:9D4$6N#A1$6N,%
'/A15%

7HGQMG9MG9Q% 7HKHL% GKFJ% E% % !% !% 2V.5O"C/"$/-%
b1NNS451%3N1"$15-%
'>.N;<O<15-%
b1//<$0%B01$/,%

W1=1N4#>1$/"N%(4X<$%2UV%':B-%(V3B%
35</15<"%>1/,%
R1#54?.C/<=1%(4X<$%2UV%':B-%(V3B%
35</15<"%>1/,%
'$?4C5<$1%W<;5.#/45%2'3*+;N49:"5<;%
34$=,%
:15;<;/1$/%2'3*+;N49:"5<;%34$=,%

+X6"N`6N"/1?%BN`6N#A1$4Na%
:4N61/A6N1$1%]N6C4N%D4$6N#A1$6N%
'/A15a%:4N6%2+X697-H9'/A"$?<6N,-%
B92D4$6N#A1$6N,9b9P6?54X6%

HEQHG9LM9L% 7HKHL% EKIQ% J% % !% !% % W1=1N4#>1$/"N%(4X<$%2UV%':B-%(V3B%
35</15<"%>1/,-%
'$?4C5<$1%W<;5.#/45%2UV%':B-%(V3B%
35</15<"%>1/,%
'$?4C5<$1%W<;5.#/45%2'3*+;N49:"5<;%
34$=,%
:15;<;/1$/%2'3*+;N49:"5<;%34$=,%



60 
 
 

!"#$%&'%$(&)*+!,+-& .,,/+0+10+& /2345+& 6774,3& /& & !& !& & 89:9;"<=9>?@;&A"B$>&)CD&E5.-&
E9<#"(F%?$:9&A"B$>&)CD&E5,-&
G9#H$H?9>?&)C>:$#">=9>?&D@>@(@-&

DI%;"?9?#@H$;"B@>9J&
6J6J/J/J5J5J2J20K%?@=9?LI;0&

11505306& ,4,6& ,4,6& 6& !& &  M#$%?$">&E9(F%9#& E9<#"(F%?$:9&A"B$>&)NO&CG'J&AOD'&
D#$?9#$@&=9?-&
C>("%#$>9&8$H#F<?"#&)CD&D@?4&.-&P9#I&
G9#H$H?9>?&)K#9Q">&G+-&

'%#I;@=$(9& 370,50.&& ,4,5& ,4,5& .& & !& &  D@#%$>"Q9>&)R>?9#>@?$">@;&'Q9>%I&S"#&
E9H9@#%L&">&D@>%9#J&NO&CG'J&NO&TR*J&
D@;&CG'U-&
VF?@Q9>&)CD&E/5-&
89:9;"<=9>?@;&A"B$>&)NO&TR*J&D@;&
CG'-&
E9<#"(F%?$:9&A"B$>&)NO&TR*J&D@;&CG'-&
T9F#"?"B$>&)W@>%9?&0&X#@>(Y9@>&Z&
W@>(#$Q@>-&

'%#I;">$?#$;9& .,30.+0.& ,4,,,/& ,4,,,/& .& &  !& & D@#%$>"Q9>&)R>?9#>@?$">@;&'Q9>%I&S"#&
E9H9@#%L&">&D@>%9#J&NO&CG'J&NO&TR*J&
D@;&CG'U-&
T9F#"?"B$>&)W@>%9?&0&X#@>(Y9@>&Z&
W@>(#$Q@>-&
G9#H$H?9>?&)CG'-&

&*Chemical purposes listed are what the oil operator identifies. Those listed in parenthesis are the authors suggestion. 
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A"#'dWU'&##B&'6*4+,-'.##)4%-B'/3',)#0/,.('/"#',&&*#&'/3'-30&,)#$'%0)'%))$#&&',0'/"#'

PU_<'A"#'6*4+,-'5*&/'4#'%4+#'/3'6%$/,-,6%/#',0'/"#')#2#+365#0/7'5%,0/#0%0-#7'%0)'

$#2,&,30'3.'+%0)'*&#'6+%0&<'@.7'.3$'#>%56+#7'/"#'6*4+,-',)#0/,.,#&'%$#%&'%&'$#-$#%/,30%+'

3$'#02,$305#0/%++(',563$/%0/7'/"#'dWU'5%('6$3",4,/'3$'$#&/$,-/'MON')#2#+365#0/<''

'

N,2#0'/"#'0%/*$#'3.'%-,),;%/,30'%-/,2,/,#&'%0)'/"#'+%$1#':*%0/,/,#&'3.'/3>,-'-"#5,-%+&'

4$3*1"/'30'&,/#7'+#%&,01'3.'6*4+,-'+%0)&',0'-+3&#'6$3>,5,/('/3'$#&,)#0/,%+'

)#2#+365#0/&'3$'&#0&,/,2#'#02,$305#0/%+'$#-#6/3$&'&"3*+)'03/'4#'%++3?#)'.3$'

%-,),;,01'*0)#$'/"#'KW_U=<'A"#'dWU',&'-"%$1#)'?,/"'$#&630&,4+(')#2#+36,01'%0)'

5%,0/%,0,01'+%0)'*&#'/3'6$3/#-/'/"#'6*4+,-'%0)'#02,$305#0/c'%++3?,01'%-,),;,01'

%-/,2,/,#&'/3'3--*$'?,/",0'.##/'3.'&#0&,/,2#'$#-#6/3$&'13#&'%1%,0&/'/",&'13%+<'

<" #$%&=!5/.,!*&>,?/).,4%,5!*&-.*/01&605&789;9"&7=>-6"&

_$,3$'/3'.,0%+,;,01'%0('PU_7'/"#'dWU'5*&/'-30)*-/'%'.*++V&-%+#'#02,$305#0/%+'

%0%+(&,&<'A",&',&'%'$#:*,$#5#0/'3.'/"#'h%/,30%+'^02,$305#0/%+'_3+,-('=-/'Jh^_=L<'

h^_='$#:*,$#&'.#)#$%+'%1#0-,#&'/3'$#2,#?'#02,$305#0/%+',56%-/&'3.'%'6$363&#)'

%-/,30'%0)'63&&,4+#'%+/#$0%/,2#&'.3$'%-/,30&'/"%/',023+2#&'.#)#$%+'.*0),017'?3$B'

6#$.3$5#)'4('/"#'.#)#$%+'132#$05#0/7'3$'6#$5,/&',&&*#)'4('%'.#)#$%+'%1#0-(<'=0'
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%-/,30'-%0'4#'#,/"#$'#>#56/7'-%/#13$,-%++('#>#56/7'3$'$#:*,$#'%0'^02,$305#0/%+'

=&&#&&5#0/'J^=L<'=&'%'.,0%+'&/#67',.'/"#$#'%$#'&,10,.,-%0/'%0/,-,6%/#)'#..#-/&7'%0'

^02,$305#0/%+'@56%-/'D/%/#5#0/'J^@DL',&'6$#6%$#)7'%0)',.'/"#$#'%$#'03'&,10,.,-%0/'

,56%-/&'/"#0'%'K,0),01&'3.'h3'D,10,.,-%0/'@56%-/'JKMhD@L',&'6$#6%$#)<''

''

=+/"3*1"'%0'#02,$305#0/%+'%0%+(&,&',&')30#'6$,3$'/3'/"#'PU_'4#,01'.,0%+,;#)7'/"#'

dWU'1#0#$%++('%0%+(;#&'/"#'#02,$305#0/%+',56%-/&'3.'/"#'%+/#$0%/,2#&'/"$3*1"'%0'

^02,$305#0/%+'@56%-/'D/%/#5#0/'J^@DL'30-#'+%0)&'%$#'-30&,)#$#)'%66$36$,%/#'.3$'

+#%&,01<'A$%),/,30%++('/"#'dWU'"%&'03/')30#'%'.*++V&-%+#'h^_='$#2,#?'.3$'%'&6#-,.,-'

6%$-#+'6$,3$'/3'+#%&,01',/<'A"%/',&'*&*%++(')30#'30-#'%'+#&&##'$#:*#&/&'/3')$,++'%'?#++'3$'

-30)*-/'3/"#$'&*$.%-#'%-/,2,/,#&<'I3?#2#$7',0'&35#'-%&#&'dWU',&'$#:*,$#)'/3')3'%'

.*++V&-%+#'h^_='^@D'6$,3$'/3',&&*,01'%'+#%&#'J=-/542(3%1')(2'>#+-'?#:,#6#2"7'@231#'

A,.'-%1'>-&32-.'B-"'89+.(2-&,(%<'C#:#.(+$#%&<'-%1'D2(13/&,(%<'RSSZL<'

'

A"#'dWU',&'$#:*,$#)'/3'63&/'03/,-#&'3.'=66+,-%/,30&'.3$'%'_#$5,/'/3'E$,++'J=_EL'.3$'

MON')#2#+365#0/'30'6*4+,-'+%0)&'.3$'6*4+,-',0&6#-/,30'.3$'e[')%(&<'E*$,01'/",&'/,5#'

/"#'6*4+,-'5%('#>6$#&&'%0('-30-#$0&'%&'/"#'%1#0-('-30)*-/&'%'&,/#V&6#-,.,-'

#02,$305#0/%+'%0%+(&,&<'A"#&#'-30-#$0&'%0)'%0%+(&,&'5%('$#&*+/',0'-30),/,30&'3.'

%66$32%+'30'/"#'36#$%/3$\&')$,++,01'6#$5,/'/"%/'$#:*,$#7'.3$4,)7'3$'-30/$3+'&6#-,.,#)'

%-/,2,/,#&'3$'),&/*$4%0-#&'JA,.'-%1'B-"E'F012-3.,/'G2-/&32,%4'(%'G#1#2-.'-%1'H%1,-%'

I-%1"7'Z[RaL<'

'
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A"#$#'%$#'&35#'MON')#2#+365#0/'%-/,2,/,#&'/"%/'%$#'-%/#13$,-%++('#>-+*)#)'.$35'

-30)*-/,01'%'.*++V&-%+#'h^_='$#2,#?<'A"#&#'#>-+*&,30&'?#$#'#0%-/#)',0'/"#'Z[[a'

^0#$1('_3+,-('=-/<'A"#'#>-+*)#)'%-/,2,/,#&'%$#'6$#&*5#)'/3'"%2#'03'&,10,.,-%0/'

#02,$305#0/%+',56%-/7'*0+#&&'/"#'6*4+,-'-%0'6$32#'8#>/$%3$),0%$('-,$-*5&/%0-#&',0'

?",-"'%'03$5%++('#>-+*)#)'%-/,30'5%('"%2#'%'&,10,.,-%0/'#02,$305#0/%+'#..#-/<9'

'

D#-/,30'eS['-%/#13$,-%+'#>-+*&,30&'JFiL'%&'&/%/#)',0'/"#'+#1,&+%/*$#'%$#'%&'.3++3?&f'!

R< @0),2,)*%+'&*$.%-#'),&/*$4%0-#&'3.'+#&&'/"%0'.,2#'%-$#&'&3'+301'%&'/"#'/3/%+'

&*$.%-#'),&/*$4%0-#'30'/"#'+#%&#',&'03/'1$#%/#$'/"%0'Ra['%-$#&'%0)'&,/#V

&6#-,.,-'%0%+(&,&',0'%')3-*5#0/'6$#6%$#)'6*$&*%0/'/3'/"#'h^_='"%&'4##0'

6$#2,3*&+('-356+#/#)<'

Z< E$,++,01'%0'MON'?#++'%/'%'+3-%/,30'3$'?#++'6%)'&,/#'%/'?",-"')$,++,01'"%&'

3--*$$#)'?,/",0'.,2#'(#%$&'6$,3$'/3'/"#')%/#'3.'&6*)),01'/"#'?#++<'

e< E$,++,01'%0'3,+'3$'1%&'?#++'?,/",0'%')#2#+36#)'.,#+)'.3$'?",-"'%0'%66$32#)'+%0)'

*&#'6+%0'3$'%0('#02,$305#0/%+')3-*5#0/'6$#6%$#)'6*$&*%0/'/3'h^_='

%0%+(;#)')$,++,01'%&'%'$#%&30%4+('.3$#&##%4+#'%-/,2,/(7'&3'+301'%&'&*-"'6+%0'3$'

)3-*5#0/'?%&'%66$32#)'?,/",0'.,2#'(#%$&'6$,3$'/3'/"#')%/#'3.'&6*)),01'/"#'

?#++<'

`< _+%-#5#0/'3.'%'6,6#+,0#',0'%0'%66$32#)'$,1"/V3.V?%('-3$$,)3$7'&3'+301'%&'/"#'

-3$$,)3$'?%&'%66$32#)'?,/",0'.,2#'(#%$&'6$,3$'/3'/"#')%/#'3.'6+%-#5#0/'3.'/"#'

6,6#+,0#<'

a< U%,0/#0%0-#'3.'%'5,03$'%-/,2,/(7'3/"#$'/"%0'%0('-30&/$*-/,30'3$'5%H3$'

$#032%/,30'3.'%'4*,+),01'3$'.%-,+,/(<'
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'

A"#&#'#>-+*&,30&',0),-%/#'/"%/'&35#'#02,$305#0/%+'%&&#&&5#0/'?%&')30#')*$,01'/"#'

+%0)'%-:*,&,/,30'6$3-#&&'%0)]3$'?,/",0'%'-#$/%,0'/,5#'.$%5#'3.'%-/,2,/(7'%0)'*0+#&&'

/"#$#',&'%0'#>/$%3$),0%$('-,$-*5&/%0-#7'/"#$#'&"3*+)'4#'03'&,10,.,-%0/'

#02,$305#0/%+',56%-/<'A",&'5%('4#'/$*#'.3$'&35#'/(6#&'3.'%-/,2,/,#&'-30&,)#$#)',0'

/"#'Fi\&7'4*/'/"#'0%/*$#'3.'3,+')$,++,01'"%&'-"%01#)',0'$#-#0/'(#%$&'%0)'%0'

#02,$305#0/%+'%&&#&&5#0/'%/'%0'#%$+('&/%1#'5,1"/'03/',0-+*)#'*0&/*),#)'MON'

#>6+3$%/,30'/#-"03+31(',56%-/&<'''

'

h*5#$3*&':*#&/,30&'?#$#'$%,&#)'%43*/'"3?'%0)'?"#0'dWU'&"3*+)'*&#'/"#&#'Fi&<'@0'

Z[[S'/"#'G0,/#)'D/%/#'N32#$05#0/'=--3*0/%4,+,/('M..,-#'JN=ML'?%&'%&B#)'/3'$#63$/'

30'/"#&#',&&*#&<'N=M'.3*0)'&#2#$%+'/(6#&'3.'2,3+%/,30&'3.'/"#'+%?7',0-+*),01'

8%66$32,01'53$#'/"%0'30#'3,+'3$'1%&'?#++'*0)#$'%'&,01+#')#-,&,30')3-*5#0/7'

%66$32,01'6$3H#-/&',0-30&,&/#0/'?,/"'/"#'+%?\&'-$,/#$,%7'%0)')$,++,01'%'0#?'?#++'%./#$'

/,5#'.$%5#&'"%)'+%6&#)'Jh%;;%$37'Z[[SL<9'N=M'%+&3'.3*0)',0'Taj'3.'/"#'.,#+)'3..,-#&'

&%56+#)'/"%/'3..,-#$&'),)'03/'%)#:*%/#+('H*&/,.('/"#'*&#'3.'%'-%/#13$,-%+'#>-+*&,30<'

A"#'N=M'$#-355#0)#)'/"%/'dWU',56$32#'/"#',56+#5#0/%/,30'3.'/"#'Fi&'4('

8-+%$,.(,01'%1#0-('1*,)%0-#7'&/%0)%$),;,01')#-,&,30')3-*5#0/&7'%0)'#0&*$,01'

-356+,%0-#'/"$3*1"'53$#'32#$&,1"/<9''

'

@0'%)),/,30'/3'#0&*$,01'-356+,%0-#'%0)'-+%$,/(7',/\&',563$/%0/'/3'$#2,&,/'/"#'Fi&'%0)'

&##',.'GMN'&/,5*+%/,30'/#-"0,:*#&'3.'IK'%0)'%-,),;,01'$#&*+/',0'&,10,.,-%0/'

#02,$305#0/%+',56%-/&<''
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0" @A)%!A&.B&+!,(&2!,!3%4%,5&-).C.D%(&EA*%&5.&6(()%DD&

F1()!A*/0&')!05A)/,3&7F'"&

A"#'dWU'"%&'5%)#'%0'%//#56/'/3'%))$#&&'IK<'_*$&*%0/'/3'/"#'K#)#$%+'W%0)'_3+,-('

%0)'U%0%1#5#0/'=-/'JKW_U=L7'@0),%0'5,0#$%+'+#%&,01'+%?&7'%0)'3/"#$'&/%/*/#&7'%0)'

,0'$#&630&#'/3'&,10,.,-%0/'6*4+,-',0/#$#&/',0'IK7'dWU'6$363&#)'%'$*+#'/,/+#)'M,+'%0)'

N%&c'!#++'D/,5*+%/,307'@0-+*),01'I()$%*+,-'K$%-/*$,017'30'K#)#$%+'%0)'@0),%0'W%0)&<'

A",&'6$363&#)'$*+#'?%&'6*4+,&"#)'U%('Z[RZ'*0)#$'/"#'U,0#$%+'W#%&,01'=-/<'@0'U%('

Z[Re7'/"#'dWU'6*4+,&"#)'%'&*66+#5#0/%+'03/,-#'3.'6$363&#)'$*+#5%B,01'%0)'

$#:*#&/'.3$'-355#0/&<'=./#$'/"#'-355#0/'6#$,3)'/"#'.,0%+'$*+#'?%&'6*4+,&"#)',0'

U%$-"'3.'Z[Ra'%0)'#..#-/,2#'g*0#'Z`/"7'3.'Z[Ra<'''

'

W,B#'3/"#$'dWU'$#1*+%/,30&7'/",&'.,0%+'$*+#'%66+,#&'/3'MON'36#$%/,30&'30'6*4+,-'+%0)&7'

%&'?#++'%&'36#$%/,30&'30'@0),%0'+%0)&<'A"#'$*+#'#&/%4+,&"#&'0#?'$#:*,$#5#0/&'/3'

#0&*$#'?#++43$#',0/#1$,/(7'6$3/#-/'?%/#$':*%+,/(7'%0)'#0"%0-#'6*4+,-'),&-+3&*$#'3.'

-"#5,-%+&'%0)'3/"#$')#/%,+&'3.'IK'36#$%/,30&<'JM,+'%0)'N%&c'I()$%*+,-'K$%-/*$,01'30'

K#)#$%+'%0)'@0),%0'W%0)&7'Z[RaL<'

'

A"#'$*+#'"3?#2#$'"%&'03/'130#'*0-"%++#01#)<'@0'g*0#'ZR7'Z[RX'%'.#)#$%+'),&/$,-/'

-3*$/'H*)1#',0'!(35,01'$*+#)'/"%/'dWU'+%-B#)'&/%/*/3$('%*/"3$,/('/3'6$35*+1%/#'

/"#'$*+#'JD/%/#'3.'h3$/"'E%B3/%7'D/%/#'3.'G/%"7'%0)'GA^'@0),%0'A$,4#'2&<'G0,/#)'D/%/#&'

E#6%$/5#0/'3.'/"#'@0/#$,3$7'Z[RXL<'A"#('-,/#)'/"%/'"()$%*+,-'.$%-/*$,01',&'#>#56/'

*0)#$'/"#'G0)#$1$3*0)'@0H#-/,30'F30/$3+'_$31$%5',0'/"#'D%.#'E$,0B,01'!%/#$'=-/'
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JDE!=L7'%0)'&,0-#'^_=')3#&'03/'"%2#'%*/"3$,/('/3'$#1*+%/#'IK'0#,/"#$')3#&'/"#'

dWU<'A",&'$*+,01'?,++'53&/'+,B#+('4#'%66#%+#)<''

'

!"#/"#$'/",&'$*+#',&'6$35*+1%/#)'3$'03/7',/'&/,++'1$3&&+('32#$+33B&'3/"#$'GMN'

&/,5*+%/,30'6$%-/,-#&<'A"#&#'6$%-/,-#&'&"3*+)'4#'-32#$#)7'.3$'/"#(',023+2#'5*-"'3.'

/"#'&%5#'4#&/'6$%-/,-#'6$3/3-3+'%&'IK<'^0&*$,01'?#++43$#',0/#1$,/(7'6$3/#-/,01'?%/#$'

:*%+,/(7'%0)'#0"%0-,01'6*4+,-'),&-+3&*$#'3.'-"#5,-%+&'%0)'3/"#$')#/%,+&'3.'%-,),;,01'

36#$%/,30&'5*&/'4#'$#:*,$#)<'A"#'4%&,&'30'?",-"'/"#'dWU\&'0#?'$*+#'"%&'4##0'

&/$*-B')3?0'5%('03/'%66+('/3'%-,),;,01<'W%/#$',0'/",&'-"%6/#$'/"#$#',&'%'),&-*&&,30'30'

/"#'DE!='%0)'?"%/',&',0/#0)#)'4('/"#'"()$%*+,-'.$%-/*$,01'#>#56/,30<'=-,),;,01'

-3*+)'4#'-30&,)#$#)'%'),..#$#0/'/#-"0,:*#'/"%0'"()$%*+,-'.$%-/*$,01'%0)'/"*&'03/'

#>#56/<'D3',.'%'&,5,+%$'$*+#'?#$#'/3'4#'6%&&#)'.3$'%-,),;,01'/"#'&%5#'%$1*5#0/'5,1"/'

03/'"3+)'/$*#<'h#2#$/"#+#&&'dWU',&'%//#56/,01'/3'B##6'*6'?,/"'/"#'-"%01,01'MON'

)#2#+365#0/'/#-"03+31,#&'4*/'%'+,5,/#)'-32#$%1#'3.'?"%/',&'$#1*+%/#)'?,++'03/'

%--356+,&"'?"%/'dWU',&'/%&B#)'/3')3<''

F# $%&%'()*5629*?@A%)&*8B*2A%*<4G3'-4+%42()*H'-2%623-4*50%46B**

!" #$%&G*%!,&6/)&605&789:H"&7G66"&

=-,),;,01'36#$%/,30&'*&#'5%0('23+%/,+#'-3563*0)&'/"%/'-%0'4#'%'&3*$-#'3.'%,$'

63++*/,30<'='+3-%+'132#$0,01'43)(',0'D3*/"#$0'F%+,.3$0,%7'/"#'D3*/"'F3%&/'=,$'k*%+,/('

U30,/3$,01'E,&/$,-/7'$#:*,$#&'$#63$/,01'3.'%-,),;,01'/#-"0,:*#&<'D35#'3.'/"#'%,$'

/3>,-&'+,&/#)',0'*&#'.3$'%-,)'5%,0/#0%0-#'%0)'5%/$,>'%-,),;,01',0-+*)#f''

l R7Z7`'A$,5#/"(+4#0;#0#' l RVU#/"3>(VZV_$36%03+'
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l ZVd*/3>('^/"%03+'
l =-#/36"#030#'
l =5,03/$,%-#/,-'=-,)'
l F*5#0#'
l E,#/"(+#0#'N+(-3+'
l ^/"(+'d#0;#0#'
l ^/"(+4#0;#0#'
l ^/"(+#0#'N+(-3+'
l ^/"(+#0#'N+(-3+'U3034*/(+'^/"#$'
l ^/"(+#0#'M>,)#'
l K3$5%+)#"()#'
l I()$3-"+3$,-'=-,)'

l I()$3.+*3$,-'=-,)'
l @&36$36%03+'
l U#/"%03+'
l h%6"/"%+#0#'
l D3),*5'I()$3>,)#'
l D*+.*$,-'=-,)'=5530,*5'D%+/'

JRfZL'
l A",3*$#%7'_3+(5#$'?,/"'

K3$5%+)#"()#'%0)'RV
_"#0(+#/"%030#'

l A3+*#0#'
l i(+#0#

'

A"#'F+#%0'=,$'=-/'JF==L'$#1*+%/#&'%,$'#5,&&,30&'3.'&*-"'-"#5,-%+&'.$35'&/%/,30%$('

%0)'534,+#'&3*$-#&<'A"#'F==')#.,0#&'#0.3$-#%4+#'#5,&&,30'+,5,/%/,30&'.3$'"%;%$)3*&'

%,$'63++*/%0/&'JI=_&L7'h%/,30%+'^5,&&,30&'D/%0)%$)&'.3$'I%;%$)3*&'=,$43$0#'

_3++*/%0/&'Jh^DI=_&L7'.$35'85%H3$'&3*$-#9'%0)'8%$#%'&3*$-#9'-%/#13$,#&'*0)#$'

&#-/,30'RRZ<'U%H3$'&3*$-#&'%$#')#.,0#)'%&'%'8&/%/,30%$('&3*$-#'3$'1$3*6'3.'&/%/,30%$('

&3*$-#&'+3-%/#)'?,/",0'%'-30/,1*3*&'%$#%'%0)'*0)#$'-35530'-30/$3+'/"%/'#5,/&'3$'

"%&'/"#'63/#0/,%+'/3'#5,/'-30&,)#$,01'-30/$3+&7',0'/"#'%11$#1%/#7'R['/30&'6#$'(#%$'3$'

53$#'3.'%0('"%;%$)3*&'%,$'63++*/%0/'3$'Za'/30&'6#$'(#%$'3$'53$#'3.'%0('-354,0%/,30'

3.'"%;%$)3*&'%,$'63++*/%0/&<9'=0'%$#%'&3*$-#',&'8%0('&/%/,30%$('&3*$-#'3.'"%;%$)3*&'

%,$'63++*/,30'/"%/',&'03/'%'5%H3$'&3*$-#<9'K3$'5%H3$'&3*$-#&7'/"#'&/%/*/#'$#:*,$#&'/"#'

^_='/3'#&/%4+,&"'&/%0)%$)&'/"%/'$#.+#-/'/"#'5%>,5*5')#1$##'3.'$#)*-/,30',0'I=_'

#5,&&,30&'/"$3*1"'%66+,-%/,30'3.'5%>,5*5'%-",#2%4+#'-30/$3+'/#-"03+31('JU=FAL<''

'

A"#$#'"%&'4##0'&35#'-30.*&,30',0')#/#$5,0,01'?"%/',&'-30&,)#$#)'%'8&/%/,30%$('

&3*$-#9'%0)'85%H3$'&3*$-#<9'=&'3.'g*0#'Z[RX'/"#'^_=',&'.,0%+,;,01'%'$#2,&,30'/3'

$#1*+%/,30&'%66+,-%4+#'/3'6#$5,//,01'3.'&/%/,30%$('&3*$-#&'3.'%,$'63++*/,30'*0)#$'/"#'
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h#?'D3*$-#'P#2,#?'JhDPL'%0)'/,/+#'m'6$31$%5&',0'/"#'F+#%0'=,$'=-/'JF=='3$'=-/L<'

A"#'$*+#'-+%$,.,#&'/"#'5#%0,01'3.'/"#'/#$5'8%)H%-#0/9'/"%/',&'*&#)'/3')#/#$5,0#'/"#'

&-36#'3.'%'8&/%/,30%$('&3*$-#9'J.3$'6*$63&#&'3.'/"#'_$#2#0/,30'3.'D,10,.,-%0/'

E#/#$,3$%/,30'J_DEL'%0)'h30%//%,05#0/'hDP'JhhDPL'6$#-30&/$*-/,30'6#$5,//,01'

6$31$%5&L'%0)'/"#'&-36#'3.'%'85%H3$'&3*$-#9'J,0'/"#'/,/+#'m'36#$%/,01'6#$5,/'

6$31$%5',0'/"#'30&"3$#'3,+'%0)'0%/*$%+'1%&'&#-/3$L<'A"#'$#2,&#)')#.,0,/,30&'03?'

-30&,)#$'6$3>,5,/('3.'#5,//,01'%-/,2,/,#&'%0)'?"#/"#$'/"#'%-/,2,/,#&'&"%$#'#:*,65#0/'

JD3*$-#'E#/#$5,0%/,30'.3$'F#$/%,0'^5,&&,30'G0,/&',0'/"#'M,+'%0)'h%/*$%+'N%&'D#-/3$7'

Z[RXL<''

'

@/'&"3*+)'4#'03/#)'/"3*1"'/"%/'&#-/,30'RRZJ0LJ`L'3.'/"#'=-/'6$3",4,/&'%11$#1%/,01'

#5,&&,30&'.$35'MON'#>6+3$%/,30'3$'6$3)*-/,30'?#++&'J%0)'/"#,$'%&&3-,%/#)'

#:*,65#0/L'%0)'#5,&&,30&'.$35'6,6#+,0#'-356$#&&3$'3$'6*56'&/%/,30&'?,/"'

#5,&&,30&'.$35'3/"#$'&,5,+%$'*0,/&<'D,0-#'53&/'MON'?#++&7'30'/"#,$'3?07')3'03/'#5,/'

/"#'/"$#&"3+)'+,5,/'3.'I=_&'*0)#$'/"#'&/%/*/3$(')#.,0,/,307'5%0('MON'#>6+3$%/,30'

%0)'6$3)*-/,30'.%-,+,/,#&'%$#0\/'-30&,)#$#)'5%H3$'&3*$-#&<''

'

K3$'/"3&#'.%-,+,/,#&'-30&,)#$#)'5%H3$'&3*$-#&'%0)'%$#%'&3*$-#&'/"#'^_='6$35*+1%/#)'

h^DI=_'+,5,/'#5,&&,30&'.$35'MON'.%-,+,/,#&'/"%/'6$3-#&&7'*61$%)#'3$'&/3$#'

"()$3-%$430'+,:*,)&',0'RSSS'%0)'Z[[Y<'d3/"'3.'/"#&#'$*+#&')3'03/',0-+*)#'&3*$-#&'3.'

%,$'63++*/,30'.$35'GMN'36#$%/,30&<'d3/"'3.'/"#&#'&/%0)%$)&'%+&3'#>-+*)#'.%-,+,/,#&'

/"%/'#>-+*&,2#+('"%0)+#'4+%-B'3,+<'d+%-B'3,+',&')#.,0#)',0'/"#'.,0%+'$*+#'%&'%'

"()$3-%$430'+,:*,)'?,/"'%0',0,/,%+'1%&V/3V3,+'$%/,3'JNMPL'+#&&'/"%0'[<eR'-*4,-'5#/#$&'
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6#$'+,/#$'J5e]+,/#$L'%0)'%0'=5#$,-%0'_#/$3+#*5'@0&/,/*/#'J=_@L'1$%2,/('+#&&'/"%0'`['

)#1$##&<'U3&/'3.'/"#'30&"3$#'3,+'#>/$%-/,30',0'F%+,.3$0,%',&'4+%-B'3,+'JD"#$,)%07'Z[[XL7'

%0)'/"*&'?3*+)0\/'4#'-32#$#)<''

'

A"#'F=='%+&3'&#/&'.3$/"'%++3?%4+#'#5,&&,30&'.3$'0#?'5%H3$'&3*$-#&'%0)'5%H3$'

53),.,-%/,30&'/3'#>,&/,01'&3*$-#&'/"$3*1"'h#?'D3*$-#'_#$.3$5%0-#'D/%0)%$)&'

JhD_DL<'hD_D'-%0'#>/#0)'/3'63++*/%0/&'03/',0-+*)#)',0'/"#'h==kD'%0)'/"#'h^DI=_&<''

'

A"#'^_=',0'Z[RZ'%0)'Z[RX',&&*#)'hD_D&'JM,+'%0)'h%/*$%+'N%&'D#-/3$f'h#?'D3*$-#'

_#$.3$5%0-#'D/%0)%$)&'%0)'h%/,30%+'^5,&&,30'D/%0)%$)&'.3$'I%;%$)3*&'=,$'

_3++*/%0/&'P#2,#?&7'Z[RZc'M,+'%0)'h%/*$%+'N%&'D#-/3$f'^5,&&,30'D/%0)%$)&'.3$'h#?7'

P#-30&/$*-/#)7'%0)'U3),.,#)'D3*$-#&7'Z[RXL'/3'$#1*+%/#'5#/"%0#'#5,&&,30'.$35'

0%/*$%+'1%&'?#++&'%0)'0%/*$%+'1%&'6$3-#&&,01'6+%0/&<'A"#&#'$*+#&'%+&3'$#1*+%/#'

#5,&&,30&'3.'NIN'%0)'mMF&'.$35'0#?7'$#-30&/$*-/#)'%0)'53),.,#)'MON'&3*$-#&<'

A"#&#'#5,&&,30'&3*$-#&',0-+*)#'IK'3,+'?#++'-356+#/,30&'%0)'63/#0/,%++('%-,)'

.$%-/*$,01'?#++'-356+#/,30&<'=--3$),01'/3'/"#&#'$*+#&'IK',&')#.,0#)'%&'8/"#'6$3-#&&'

3.'),$#-/,01'6$#&&*$,;#)'.+*,)&'-30/%,0,01'%0('-354,0%/,30'3.'?%/#$7'6$366%0/7'%0)'

%0('%))#)'-"#5,-%+&'/3'6#0#/$%/#'/,1"/'.3$5%/,30&7'&*-"'%&'&"%+#'3$'-3%+'.3$5%/,30&7'

/"%/'&*4&#:*#0/+('$#:*,$#'",1"'$%/#7'#>/#0)#)'.+3?4%-B'/3'#>6#+'.$%-/*$#'.+*,)&'%0)'

&3+,)&')*$,01'-356+#/,30&<9'A",&'-3*+)'63/#0/,%++(',0-+*)#'%-,)'.$%-/*$,01'4*/'03/'

5%/$,>'%-,),;,01<''

'
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!,/"'/"#&#'0#?#$'$*+#&',0'6+%-#7'0%/*$%+'1%&'#>/$%-/,307'IK7'%0)'63/#0/,%++('%-,)'

.$%-/*$,01'%$#'4#//#$'$#1*+%/#)7'4*/'5%/$,>'%-,),;,01'%0)'%-,)'5%,0/#0%0-#'%$#'03/'

,0-+*)#)<'A"#'h^DI=_&'#&/%4+,&"#)',0'RSSS'%0)'Z[[Y')3'03/'-32#$'GMN'36#$%/,30&<'

A"#'Z[RZ'hD_D'$*+#'5%,0+(',0-+*)#&'0%/*$%+'1%&'?#++&'/"%/'%$#'"()$%*+,-%++('

.$%-/*$#)7'?"#$#%&',0'F%+,.3$0,%'53&/'3.'/"#'GMN'36#$%/,30&'%$#'.3$'-$*)#'3,+7'03/'

0%/*$%+'1%&'JFFDA7'Z[RaL<'@0'/"#'Z[RX'hD_D'$*+#7'IK'%0)'63/#0/,%++('%-,)'.$%-/*$,017'

%$#',0-+*)#)'.3$'43/"'3,+'%0)'1%&'?#++&<'I3?#2#$7'%&'03/#)'%432#'/"#$#'%$#'5%0('%,$'

/3>,0&'*&#)',0'5%/$,>'%-,),;,01'%0)'%-,)'5%,0/#0%0-#7'%0)'/"#&#'6$%-/,-#&'%$#'03/'

$#1*+%/#)<'A"#'-"#5,-%+&'3.'%-,),;,01'5*&/'4#'$#2,#?#)'/3'&##'?"%/'-30&/,/*#0/&'

-3*+)'4#'6$34+#5%/,-<'=++'%-,),;,01'&"3*+)'%+&3'4#',0-+*)#)',0'/"#'0#?'$*+#&'&#/'.3$/"<''

<" #$%&I!B%&J)/,K/,3&L!5%)&605&789:M"&7IJL6"&

@0'%)),/,30'/3'6$3/#-/,01'3*$'%,$7'6$3/#-/,01'3*$'?%/#$'&3*$-#&'.$35'%-,),;,01'

-"#5,-%+'-30/%5,0%/,30',&'-$*-,%+<'!%/#$'-30/%5,0%/,30'"%&'4##0'30#'3.'/"#'4,11#&/'

,&&*#&'$%,&#)'32#$'GMN'#>6+3$%/,30<'A"#'D%.#'E$,0B,01'!%/#$'=-/'JDE!=L'6$3/#-/&'

6*4+,-')$,0B,01'?%/#$'&*66+,#&'4('&#//,01'&/%0)%$)&'.3$')$,0B,01'?%/#$':*%+,/('%0)'

,56+#5#0/,01'2%$,3*&'/#-"0,-%+'%0)'.,0%0-,%+'6$31$%5&'/3'#0&*$#')$,0B,01'?%/#$'

&%.#/(<'DE!='-30/$3+&'/"#',0H#-/,30'3.'?%&/#&',0/3'1$3*0)?%/#$'/"$3*1"'/"#'

G0)#$1$3*0)'@0H#-/,30'F30/$3+'JG@FL'6$31$%5<'K3$'/"#'MON',0)*&/$('/",&',0-+*)#&'

*0)#$1$3*0)',0H#-/,30'*&#)'.3$'#0"%0-#)'3,+'$#-32#$(7'4*/'03/'6$3)*-/,30'?#++&'/"%/'

%$#'*&#)'30+('/3'4$,01'MON'/3'/"#'&*$.%-#7'?,/"3*/',0H#-/,30<'A"#'G@F'6$31$%5'&#/&'

$#:*,$#5#0/&'.3$'6$36#$'?#++'&,/,017'-30&/$*-/,307'%0)'36#$%/,30'/3'5,0,5,;#'$,&B&'

/3'*0)#$1$3*0)'&3*$-#&'3.')$,0B,01'?%/#$<''



78 
  
 

'

M$,1,0%++(7'/"#'DE!=')#.,0#)'8*0)#$1$3*0)',0H#-/,309'%&'8/"#'&*4&*$.%-#'

#56+%-#5#0/'3.'.+*,)&'4('?#++',0H#-/,3079'?,/"3*/'%0('#>-#6/,30&'JD%.#'E$,0B,01'

!%/#$'=-/7'RSY`L<'D*$6$,&,01+(7'%/'/"%/'/,5#'^_='-30&,)#$#)'IK'%&'#>#56/'*0)#$'/"#'

DE!=<'@0'RSSY7'"3?#2#$7'/"#'G<D<'F3*$/'3.'=66#%+&'.3$'/"#'RR/"'F,$-*,/'$*+#)'/"%/'IK'

%-/,2,/,#&'-30&/,/*/#'n*0)#$1$3*0)',0H#-/,30\'*0)#$'_%$/'F'3.'/"#'DE!='JW^=K<'2<'G<D<'

^_=7'RSSYJK'A"*&7'/"#'^_='%0)'D/%/#'G@F'_$31$%5&'?#$#'$#:*,$#)'/3'$#1*+%/#'IK'

*0)#$'/"#'DE!=<'@0'$#&630&#7'/"#'^_=',0,/,%/#)'%'&/*)('3.'/"#'63/#0/,%+'.3$'

-30/%5,0%/,30'3.'6*4+,-'?%/#$'&*66+,#&'.$35'/"#'IK'3.'-3%+'&#%5&'.3$'5#/"%0#'

6$3)*-/,30'%0)'-30-+*)#)',0'Z[[`'/"%/'IK'63&#&'+,//+#'3$'03'/"$#%/'/3'*0)#$1$3*0)'

&3*$-#&'3.')$,0B,01'?%/#$'J^2%+*%/,30'3.'@56%-/&'/3'G0)#$1$3*0)'D3*$-#&'M.'

E$,0B,01'!%/#$'d('I()$%*+,-'K$%-/*$,01'M.'F3%+4#)'U#/"%0#'P#&#$23,$&7'Z[[`L<'

'

E#&6,/#':*#&/,30&'32#$'/"#'$#63$/\&'%--*$%-(7'F301$#&&'%5#0)#)'/"#'DE!=',0'Z[[a'

?,/"'/"#'6%&&%1#'3.'/"#'^0#$1('_3+,-('=-/<'A"#'=-/'%))#)'/?3'#>-+*&,30&'/3'/"#'

)#.,0,/,30'3.'*0)#$1$3*0)',0H#-/,30f'

R< A"#'*0)#$1$3*0)',0H#-/,30'3.'0%/*$%+'1%&'.3$'6*$63&#&'3.'&/3$%1#'

Z< A"#'*0)#$1$3*0)',0H#-/,30'3.'.+*,)&'3$'6$366,01'%1#0/&'J3/"#$'/"%0'),#&#+'

.*#+&L'6*$&*%0/'/3'IK'36#$%/,30&'$#+%/#)'/3'3,+7'1%&7'3$'1#3/"#$5%+'6$3)*-/,30'

%-/,2,/,#&<'

'

=0',563$/%0/':*#&/,30'%$,&#&o?"%/',&',0/#0)#)'4('IK',0'/"#'^0#$1('_3+,-('=-/p'

U%/$,>'%-,),;%/,30'%0)'%-,)'.$%-/*$,01',023+2#',0H#-/,01'.+*,)&'.3$'#0"%0-#)'3,+'
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$#-32#$('%0)'36#$%/,30%++('%$#'03/'-30&,)#$#)'IK'4('/"3&#',0'/"#'MON',0)*&/$(<'A",&'

4#-35#&'%'2#$(',563$/%0/':*#&/,30'/3'%0&?#$'/3'B03?',.'5%/$,>'%-,),;%/,30'%0)'%-,)'

.$%-/*$,01'5*&/'4#'$#1*+%/#)<'A3')#/#$5,0#'?"%/'?%&'5#%0/'4('/"#'IK'#>#56/,30'

?#'+33B#)'%/f''

• A"#'4,++'+%01*%1#'%0)')#.,0,/,30&',0'/"#'^0#$1('_3+,-('=-/'3.'Z[[a'

• A"#'+#1,&+%/,2#'",&/3$('3.'/"#'=-/',0-+*),01'/"#'-355,//##'$#63$/&7'-30.#$#0-#'

$#63$/7'+#1,&+%/,2#')#4%/#&7'"#%$,01&7'-355,//##'6$,0/&7'"3*&#'%0)'&#0%/#'

)3-*5#0/&'

• ^_='1*,)%0-#'

• W%?'$#2,#?'%$/,-+#&'

'

A"#'53$#'%*/"3$,/%/,2#'&3*$-#&',0')#/#$5,0,01'?"%/',&',0/#0)#)'4('IK',0'/"#'=-/'%$#'

/"#'4,++'+%01*%1#',/&#+.'%0)'-355,//##'$#63$/&<'A"#'-355,//##')#4%/#&'%$#'03/'%&'

)#.,0,01'4#-%*&#'/"#('%$#'#>%-/+('/"%/o)#4%/#&<'^_='6$32,)#&'1*,)%0-#'4*/',/',&0\/'

4,0),01'4('+%?<'A"#&#'%$#'%++'),&-*&&#)'4#+3?<'

'

A"#'4,++'+%01*%1#',/&#+.')3#&'03/')#.,0#'IK<'W33B,01'/"$3*1"'/"#'-355,//##'$#63$/&'

30'/"#'^0#$1('_3+,-('=-/'3.'Z[[a7'IK',&')#.,0#)'%&'8%'/#-"0,:*#'*&#)'/3'#0"%0-#'/"#'

$#-32#$('3.'5#/"%0#'1%&'.$35'-3%+4#)&'JI<'P#6/<'R[SVZRa7'Z[[ac'I<'P#6/<'R[TVXa7'

Z[[eL<9'A"#'^_=')#.,0#&'IK'%&'%'8/#563$%$('%0)',0/#$5,//#0/'6$3-#&&',0'?",-"'

.+*,)&'%$#',0H#-/#)'*0)#$1$3*0)'%/'",1"'6$#&&*$#&'/3'-$#%/#'.$%-/*$#&',0'/"#'-3%+&'

&#%5'/"%/'#0"%0-#'/"#'$#-32#$('3.'5#/"%0#'1%&'4('-$#%/,01'6%/"?%(&'.3$'/"#'1%&'/3'

.+3?'/3'/"#'&*$.%-#'JI<'P#6/<'R[SVZRa7'Z[[ac'I<'P#6/<'R[TVXa7'Z[[eL<9'A",&'^_='
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)#.,0,/,30'+,B#+('13#&'4%-B'/3'/"#'Z[[`'^_='$#63$/7'8:-.3-&,(%'()'H$+-/&"'&('

L%1#242(3%1';(32/#"'()'C2,%5,%4'M-&#2'N0'F012-3.,/'G2-/&32,%4'()'@(-.N#1'O#&*-%#'

?#"#2:(,2"<'A"#$#',&'03'-30-,&#')#.,0,/,30'6$32,)#)',0'/"#'$#63$/<'P%/"#$7'/"#$#',&'%'

1#0#$%+')#&-$,6/,30'3.'6$#&&*$,;#)'.+*,)'*&#)'/3'-$#%/#'%0',0,/,%+'.$%-/*$#7'.3++3?#)'

4('.$%-/*$#'6$36%1%/,307'6$366%0/'6+%-#5#0/7'%0)'/"#'&*4&#:*#0/'.$%-/*$,01'.+*,)'

$#-32#$(]1$3*0)?%/#$'#>/$%-/,30'&/%1#'3.'/"#'-3%+4#)'5#/"%0#'JFdUL'6$3)*-/,30'

6$3-#&&<'IK'-30-#$0&'/3)%('#>/#0)'/3'.%$'53$#'/"%0'FdU'6$3)*-/,30<'A"#'^0#$1('

_3+,-('=-/'3.'Z[[a',0-+*)#&'IK'36#$%/,30&'$#+%/#)'/3'3,+7'1%&7'%0)'1#3/"#$5%+'

6$3)*-/,30'%-/,2,/,#&7'03/'H*&/'FdU<''

'

K$35'/"#'F355,//##'P#63$/'%0)'Z[[`'^_='$#63$/'/"%/'6$32,)#)'/"#'6$33.'/3'#0%-/'

/"#'#>#56/,307',/'&##5&'%&'/"3*1"'/"#'IK'#>#56/,30')3#&'03/',0-+*)#'5%/$,>'

%-,),;%/,30'%0)'%-,)'.$%-/*$,01',0'/"#')#.,0,/,30&<''

'

@.'?#'+33B'%/'/"#'-301$#&&,30%+'$#-3$)&])#4%/#&7'/"#$#'%$#'%'.#?'),..#$#0/')#.,0,/,30&'

3.'IK'5#0/,30#)f'

• 8IK',&'%')$,++,01'/#-"0,:*#'/"%/',0H#-/&'-"#5,-%+&',0/3'/"#'1$3*0)')*$,01'MON'

)#2#+365#0/<9'JR`S'F301<'P#-'RXY7'Z[[eL'

• 8IK',&'%'6$3-#&&'4('?",-"'?%/#$7'&%0)7'%0)'/3>,-'-"#5,-%+&'%$#',0H#-/#)',0/3'

$3-B'&3'/"#'3,+'%0)'0%/*$%+'1%&'/"%/'/"#('-30/%,0'-%0'4#'#>/$%-/#)<9'JR`S'F301<'

P#-'RXT7'Z[[eL'

• 8@023+2#&',0H#-/,01'),#&#+'.*#+'3$'63/#0/,%++('"%;%$)3*&'&*4&/%0-#&'&*-"'%&'

4#0;#0#7'/3+*#0#7'%0)'UAd^'*0)#$1$3*0)'/3'.$%-/*$#'$3-B'%0)'$#+#%&#'MON<9'
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JRaR'F301<'P#-'R[X7'Z[[aL'

• 8@023+2#&',0H#-/,01'%'.+*,)'*0)#$'6$#&&*$#',0/3'/"#'1$3*0)',0'3$)#$'/3'-$#%/#'

.$%-/*$#&',0'$3-B'%0)'-%6/*$#'5#/"%0#<9'JRaR'F301<'P#-'R[X7'Z[[aL''

• 8@023+2#&',0H#-/,01'),#&#+'.*#+',0/3'1$3*0)?%/#$'&*66+,#)]%:*,.#$&]?%/#$'

&*66+(9'JRaR'F301<'P#-'R[X7'Z[[aL'

• 8=0',02%&,2#'MON'#>/$%-/,01'/#-"0,:*#9'JRaR'F301<'P#-'aZ7'Z[[aL'

'

D35#'3.'/"#&#')#.,0,/,30&'%$#'2#$('1#0#$%+<'K3$'#>%56+#'8%0',02%&,2#'MON'#>/$%-/,01'

/#-"0,:*#<9'A",&')#.,0,/,30'-%0',0-+*)#'%0('MON'#>/$%-/,01'/#-"0,:*#<'M/"#$'

)#.,0,/,30&'%$#'53$#'&6#-,.,-'%0)',0'+,0#'?,/"'"3?',0)*&/$(')#.,0#&'IK'%&'/"#'*&#'3.'

6$#&&*$,;#)'.+*,)7'-30/%,0,01'%'6$366%0/'+,B#'&%0)'/3'B##6'-$#%/#)'.$%-/*$#&'36#0'

%0)'#>/$%-/'/"#'/$%66#)'3,+'3$'1%&<''

'

A"#$#'%$#'%'.#?'^_='1*,)%0-#')3-*5#0/&'/"%/')#&-$,4#'IK<'A"#'.,$&/'30#',&'^_=\&'

6#$5,//,01'1*,)%0-#'30'IK'*&,01'),#&#+'.*#+&'J_#$5,//,01'N*,)%0-#'.3$'M,+'%0)'N%&'

I()$%*+,-'K$%-/*$,01'=-/,2,/,#&'G&,01'E,#&#+'K*#+&f'G0)#$1$3*0)'@0H#-/,30'F30/$3+'

_$31$%5'N*,)%0-#'qT`7'Z[R`L<''_%1#'e'3.'/"#'1*,)%0-#'-30/%,0&'/"#'.3++3?,01'

)#&-$,6/,30'3.'IKf'

''

8IK',&'%'/#-"0,:*#'*&#)'/3'6$3)*-#'#-3035,-%++('2,%4+#':*%0/,/,#&'3.'3,+'%0)'0%/*$%+'

1%&7'#&6#-,%++('.$35'*0-302#0/,30%+'$#&#$23,$&7'&*-"'%&'&"%+#7'/,1"/'&%0)&7'-3%+4#)&'

%0)'3/"#$'.3$5%/,30&<'IK',023+2#&'/"#',0H#-/,30'3.'.+*,)&'J-35530+('%'5,>/*$#'3.'
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1#0#$%/#)'4('#:*,65#0/'%/'/"#'&*$.%-#',0/3'/"#'&*4&*$.%-#'/3'-$#%/#'.$%-/*$#&7'%0)',/'
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DE!=<'DE!='5%('6$32#'/3'4#'%'63?#$.*+'+#1,&+%/,30',0'$#1*+%/,01'/"#'/?3'%-,),;,01'
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'

@0),$#-/'),&-"%$1#'$#.#$&'/3'?%&/#?%/#$'/"%/',&'&#0/'/3'%'_MA!<'M0'g*0#'ZT7'Z[RX7'
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!#'*&#)')%/%'.$35'/"#'F%+,.3$0,%'M..,-#'3.'^5#$1#0-('D#$2,-#&'JF%+'M^DL'.3$'"%;%$)3*&'
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/3'%'&/3$5')$%,0'3$'/3'&*$.%-#'?%/#$<'

@0&6#-/,30&'%0)'A$%,0,01''
• @0&6#-/'/"#'5%,0/#0%0-#'%$#%'$#1*+%$+('/3'#0&*$#'dU_&'%$#'

,56+#5#0/#)<'
• A$%,0'#56+3(##&'30'?%&/#'-30/$3+'%0)'),&63&%+'6$3-#)*$#&<'

m#",-+#'.*#+,01' D/%/,30%$('.*#+,01'%$#%&'
• F30)*-/'.*#+,01'36#$%/,30&'J,0-+*),01'/"#'/$%0&.#$'3.'.*#+'.$35'

/%0B'/$*-B&L'30'%0',56#$2,3*&'3$'-30/%,0#)'6%)'%0)'*0)#$'%'$33.'
3$'-%036('?"#$#'63&&,4+#<'F32#$,01'&"3*+)'#>/#0)'4#(30)'&6,++'
-30/%,05#0/'6%)'/3'6$#2#0/'$%,0'.$35'#0/#$,01<'

• !"#0'.*#+,01',0'*0-32#$#)'%$#%7'*&#'-30-$#/#'6%)'J%&6"%+/',&'03/'
-"#5,-%++('$#&,&/%0/'/3'/"#'.*#+&'4#,01'"%0)+#)L<'

• G&#')$,6'6%0&'?"#$#'+#%B&'3$'&6,++&'3.'.*#+'-%0'3--*$'%0)'?"#$#'
5%B,01'%0)'4$#%B,01'"3&#'-300#-/,30&<'

• G&#'.*#+,01'"3&#&'?,/"'-"#-B'2%+2#&'/3'6$#2#0/'"3&#')$%,0%1#'%./#$'
.,++,01<'

• Q##6'&6,++'-+#%0*6'5%/#$,%+&'$#%),+('%2%,+%4+#<'
• F+#%0'*6'&6,++&'%0)'+#%B&',55#),%/#+(<'
• G&#')$('-+#%0*6'5#/"3)&'.3$'.*#+'%$#%'$%/"#$'/"%0'"3&,01')3?0'/"#'

.*#+'%$#%<'D?##6'*6'%4&3$4#0/&'%&'&330'%&'&6,++#)'&*4&/%0-#&'"%2#'
4##0'%4&3$4#)<'

• E3'03/'8/36V3..9'.*#+'/%0B&<'
• G&#'&6,++'%0)'32#$.+3?'6$3/#-/,30')#2,-#&<'
• U,0,5,;#]#+,5,0%/#'$*0V30',0/3'.*#+,01'%$#%&'?,/"'),2#$&,30'),B#&7'

4#$5&7'-*$4,017'&*$.%-#'1$%),01'3$'3/"#$'#:*,2%+#0/'5#%&*$#&<'
• F3++#-/'&/3$5?%/#$'$*03..'%0)'6$32,)#'/$#%/5#0/'3$'$#-(-+,01<'
• _$32,)#'-*$4,01'3$'63&/&'%$3*0)'.*#+'6*56&'/3'6$#2#0/'-3++,&,30&'

.$35'2#",-+#&<'
• P#1*+%$+(',0&6#-/'%0)'6#$.3$5'6$#2#0/,2#'5%,0/#0%0-#'30'.*#+'

&/3$%1#'/%0B&'/3')#/#-/'63/#0/,%+'+#%B&'4#.3$#'/"#('3--*$<'
• @0&6#-/'/"#'.*#+,01'%$#%'.3$'+#%B&'%0)'&6,++&<'A$%,0'6#$&300#+'30'

2#",-+#'.*#+,01'dU_&<''
U34,+#'.*#+,01'%$#%&''
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• G&#')$,6'6%0'*0)#$'/"#'/$%0&.#$'"3&#<'
• G&#'.*#+,01'"3&#&'?,/"'-"#-B'2%+2#&'/3'6$#2#0/'"3&#')$%,0%1#'%./#$'

.,++,01<''
• ^0&*$#'/"#'.*#+,01'2#",-+#',&'#:*,66#)'?,/"'%'5%0*%+'&"*/3..'2%+2#<''
• E3'03/'%++3?'/366,01'3..'3.'/"#'.*#+',0'/"#'$#-#,2,01'#:*,65#0/<''
• A$%,0'6#$&300#+'30'2#",-+#'.*#+,01'dU_&<'

<# I3961993-4*

A"#'%0%+(&,&'&"3?&'/"%/'30'/"#'.#)#$%+'+#2#+'&/3$5?%/#$'-30/%5,0%/,30'.$35'MON'.%-,+,/,#&'

,&'03/'?#++'$#1*+%/#)<''=/'/"#'.#)#$%+'+#2#+'MON'.%-,+,/,#&')3'03/'0##)'/3'.,+#'.3$'%0'@0)*&/$,%+'

D/3$5?%/#$'N#0#$%+'_#$5,/'#2#0'/"3*1"'5%0('MON',0)*&/$('6$%-/,-#&'-30/%5,0%/#'

&/3$5?%/#$'$*03..'.$35'/"#'&,/#<'!"#0'MON'.%-,+,/,#&'),&-"%$1#'%'Pk'3$'2,3+%/#'%'?%/#$'

:*%+,/('&/%0)%$)'/"#('%$#'$#:*,$#)'/3'#0$3++',0'/"#'h_E^D'6$31$%5<'D6,++&7'%+/"3*1"'03/'%'

),$#-/',0),-%/,30'3.'&/3$5?%/#$'$*03..7'-%0'1,2#'&35#',)#%'3.'63/#0/,%+'63++*/#)'$*03..'/"%/'

&"3*+)'4#'$#1*+%/#)<'@.'?#'%&&*5#'/"#'5#),*5'%0)'+%$1#'&6,++&',0'/",&'&/*)('/"%/'$#%-"#)'

?%/#$?%(&'2,3+%/#)'%'?%/#$':*%+,/('&/%0)%$)'/"#0'/"3&#'.%-,+,/,#&'5*&/'"%2#'%0'%-/,2#'

6#$5,/'30'.,+#<'I3?#2#$7'?"%/'?#'&##',&'/"%/'53&/'3.'/"3&#'.%-,+,/,#&'%$#'03/'.,+,01'.3$'%'

6#$5,/<''@0'F%+,.3$0,%'0#?'.,+,01'$#:*,$#5#0/&'.3$'3,+'%0)'1%&',0)*&/$('$#:*,$#'%++'.%-,+,/,#&'

/"%/'),&-"%$1#'&/3$5?%/#$'-30/%5,0%/#)'4('-30/%-/'?,/"7'3$'/"%/'"%&'-35#',0/3'-30/%-/'

?,/"'%0('32#$4*$)#07'$%?'5%/#$,%+7',0/#$5#),%/#'6$3)*-/&'+3-%/#)'30'/"#'&,/#'3.'&*-"'

36#$%/,30&7'/3'.,+#'.3$'%0'@0)*&/$,%+'D/3$5?%/#$'N#0#$%+'_#$5,/<'A"#'0#?'$#:*,$#5#0/&'

"%2#'-%6/*$#)'%'+%$1#$'633+'3.'.%-,+,/,#&',0'/"#'6$31$%5<'A"#'.#)#$%+'132#$05#0/'&"3*+)'

.3++3?'&*,/',0'$#:*,$,01'&,5,+%$'6#$5,//,01'3.'%++'MON'.%-,+,/,#&<'h30#/"#+#&&7'/"#'6#$5,/',&'

1#0#$%+',0'0%/*$#'%0)'5%('03/'6$32,)#'/"#',0)*&/$('?,/"'/"#'53$#'&6#-,.,-'$#:*,$#5#0/&'

/"%/',/'0##)&<'A"#$#',&'%'0##)'.3$',0)*&/$('/%,+3$#)'&/3$5?%/#$'6#$5,/'$#:*,$#5#0/&<''

'
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K3$'/"#'m#0/*$%'F3*0/('%0)'Q#$0'F3*0/('5#),*5'%0)'+%$1#'&,;#)'&6,++'-%&#'&/*),#&7'/"#$#'

?#$#'30+('/?3'%&&3-,%/#)'D_FF'6+%0&'%0)'30#'D!__'6+%0'/"%/'?#$#'34/%,0#)<'M0#'&,/#\&'

D_FF'6+%0&'&"3?'/"%/'5#%&*$#&',0'6+%-#'%$#'2#$('1#0#$%+c'/"#('5%('4#'%4+#'/3')#/#-/'.%*+/('

#:*,65#0/'4*/')3'03/'%))$#&&'-30/%,05#0/',&&*#&<'A"#'3/"#$'D_FF'6+%0'?%&'.3$'%0'

#0-+3&#)'.%-,+,/('?"3&#'&6,++'),)'03/'$#%-"'?%/#$?%(&<'A"#'D!__'6+%0'6$32,)#&'53$#'

&6#-,.,-'$#-355#0)%/,30&'.3$'&,/#&'/"%/'%$#',0'-30/%-/'?,/"'?%/#$?%(&<'K$35'/",&'+,5,/#)'

&%56+#',/'&##5&'+,B#'4#,01'#0$3++#)',0'/"#'h_E^D'6#$5,/'6$31$%5'#0&*$#&'4#//#$'dU_&'/3'

6$#2#0/'-30/%5,0%/#)'&/3$5?%/#$'$#+#%&#&<'I%2,01'#2#0'53$#'&6#-,.,-'dU_&'?3*+)'4#'

53$#'6$3/#-/,2#<''

'

D*$.%-#',563*0)5#0/&'%/'MON'.%-,+,/,#&'-%0'4#'%'&#$,3*&'/"$#%/'/3'?%/#$?%(&<'@0'F%+,.3$0,%'

/"#$#'%$#'/"3*&%0)&'3.'/"#&#',563*0)5#0/&7'-*$$#0/+('53&/'%$#'*0+,0#)'%0)'5%0('%$#'

*06#$5,//#)<'=+53&/'%++'%$#',0'&35#'&3$/'3.'2,3+%/,30<'_$36#$'32#$&,1"/'%0)')#2#+365#0/'3.'

&*$.%-#',563*0)5#0/&',&'0##)#)<'U%0('&/%/#&'"%2#'4%00#)'/"#'*&#'3.'&*$.%-#'

,563*0)5#0/&'.3$'/"#'5%0('6$34+#5&'%&&3-,%/#)'?,/"'/"#57'32#$.+3?&'4#,01'30#'3.'/"#5<''

'

N,2#0'/"#'&3*$-#&'3.'$*03..'-30/%5,0%/,30'.$35'MON',0)*&/$('6$%-/,-#&7'6$34+#5&'?,/"'

&6,++&7'%0)'&*$.%-#',563*0)5#0/&7'%++'MON'.%-,+,/,#&'&"3*+)'4#'-32#$#)'*0)#$'/"#'@0)*&/$,%+'

D/3$5?%/#$'N#0#$%+'_#$5,/7'?",-"',&'/"#'-*$$#0/'F%+,.3$0,%'%66$3%-"<'@/'&"3*+)'03/'4#'+#./'

*6'/3'.%-,+,/,#&'/3',)#0/,.('?"#0'%'2,3+%/,30'"%&'3--*$$#)'%0)'/"#0'.,+#'.3$'%'6#$5,/<'A"#'

%*/"3$&'$#-355#0)'%'/,#$#)'6#$5,//,01'%66$3%-"'0%/,30%++(<'A"#'/,#$&'&"3*+)'$#+%/#'/3'

&6,++&'%&'?#++'%&'/3>,-,/('3.'-"#5,-%+&'*&#)<'=++'MON'.%-,+,/,#&'&"3*+)'.,+#'.3$'/"#'@0)*&/$,%+'

D/3$5?%/#$'N#0#$%+'_#$5,/'.3$'63/#0/,%+'&/3$5?%/#$'),&-"%$1#&'%&'/"#'.,$&/'/,#$<'A"#'0#>/'
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/,#$'3.'.%-,+,/,#&'?3*+)'4#'$#1*+%/#)'53$#'&/$,-/+(',0'-%&#&'3.'&6,++&'3$'*&#'3.'/3>,-'-"#5,-%+&<''

@.'/"#$#',&'%'5#),*5'&,;#)'&6,++''JZ`'V'Z`['44+&L'3$'"%;%$)3*&'-"#5,-%+&'%$#'*&#)'/"%/'

%66#%$'30'/"#'P#63$/%4+#'k*%0/,/('+,&/'3$'"%2#'%'/3>,-,/('1$%)#'3.'%0'K7'%&',)#0/,.,#)',0'/"#'

&#-30)'-"%6/#$7'/"#'36#$%/3$'5*&/'.,+#'.3$'%'&#-/3$'&6#-,.,-'6#$5,/'%&'/"#'&#-30)'/,#$7'?",-"'

-%++&'.3$'53$#'&6#-,.,-'6$3/3-3+&'.3$'/"#'MON'&#-/3$<'A"#'dU_&',)#0/,.,#)',0'/",&'6%6#$'-%0'

4#',0-3$63$%/#)',0'&*-"'%'6#$5,/<'@.'/"#$#',&'%'+%$1#'&,;#)'&6,++'Jt'Z`['44+&L'3$'"%;%$)3*&'

-"#5,-%+&'J,)#0/,.,#)',0'/"#'&#-30)'/,#$'3.'$#63$/,01L'%$#'*&#)',0':*%0/,/,#&'%432#',)#0/,.,#)'

/"$#&"3+)&'/"#'36#$%/3$'5*&/'.,+#'.3$'%'&,/#V&6#-,.,-',0),2,)*%+'6#$5,/'*0)#$'/"#'/",$)'/,#$<'

A",&'%++3?&'.3$'53$#'&-$*/,0('%0)'32#$&,1"/<'='/,#$#)'%66$3%-"'1,2#&'36#$%/3$&'%0',0-#0/,2#'

/3'6$#2#0/'&6,++&7'*&#'&%.#$'-"#5,-%+&7'%0)'#56+3('dU_&<''

'

=/'/"#'F%+,.3$0,%'D/%/#'+#2#+'%++'MON'%$#'$#:*,$#)'/3'.,+#'.3$'%0'h_E^D'6#$5,/<'A3'#0&*$#'/"%/'

/",&'"%66#0&',/'-%0'4#'%'$#:*,$#5#0/'.3$'%++'.%-,+,/,#&'34/%,0,01'%')$,++,01'6#$5,/'.$35'

EMNNP'/3'.,+#'.3$'%'6#$5,/'?,/"'/"#'!%/#$'d3%$)<'A"#$#'-%0'4#'%'6#$5,/'4+3-B'.$35'EMNNP'

&/%/,01'/"%/'03'MON'&/,5*+%/,30'?,++'4#'6#$5,//#)'*0/,+'%0'h_E^D'6#$5,/'"%&'4##0'.,+#)'.3$<'

D*-"',0/#$V%1#0-(')#6#0)#0-('-%0'#0"%0-#'/"#'#..#-/,2#0#&&'3.'$*+#&'%0)'4#//#$'6$3/#-/'/"#'

6*4+,-'%0)'#02,$305#0/<''

'

A"#$#',&'1$3?,01'#2,)#0-#'/"%/'$#1*+%/3$('6$3/3-3+&'5*&/'4#',0'6+%-#'/3'6$3/#-/'&*$.%-#'

?%/#$&'.$35'-30/%5,0%/,30'.$35'MON'.%-,+,/,#&<'@0'F%+,.3$0,%'/"#$#'%$#'/33'5%0('&6,++&'/"%/'

%$#'03/'4#,01'-30/%,0#)7'%0)'#2#0'%./#$'&6,++&'"%2#'3--*$$#)7'.%-,+,/,#&'%$#'03/'-356+(,01'

?,/"'$#1*+%/,30&'/"%/'$#:*,$#'1$#%/#$'&-$*/,0('32#$'/"#,$'%-/,30&<'A"#$#',&'%'0##)'/3'43/"'

*0)#$&/%0)'/"#'63/#0/,%+'/"$#%/'.$35'MON'%-/,2,/,#&'/3'&*$.%-#'?%/#$&'.$35'-30/%5,0%/#)'
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&/3$5?%/#$'%&'?#++'%&'"%2#'/"#'$#1*+%/,30&',0'6+%-#'/3'6$#2#0/'%0('-30/%5,0%/,30<'@/',&'

"36#)'/"%/'/",&'6%6#$'&"#)&'+,1"/'30'/"#'/"$#%/'%0)'/"#'0##)'.3$'%66$36$,%/#'$#1*+%/,30&'

-30-#$0,01'MON'&/3$5?%/#$'5%0%1#5#0/.  
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$# /%C%'%46%9*

=0)#$&307'U<7'U%(#&7'U<7'%0)'W%d#++#7'P<7'Z[RZ<'G6)%/#'3.'M--*$$#0-#'P%/#&'.3$'M..&"3$#'M,+'

D6,++&<'E#6%$/5#0/'3.'@0/#$,3$'d*$#%*'3.'M-#%0'^0#$1('U%0%1#5#0/'%0)'d*$#%*'3.'

D%.#/('%0)'^02,$305#0/%+'^0.3$-#5#0/<'dM^U'Z[RZV[XS'dD^^'Z[RZV[XS'

d3%/(%$)'N#0#$%+'_#$5,/<'!%&",01/30'D/%/#'E#6%$/5#0/'3.'^-3+31('

"//6f]]???<#-(<?%<132]6$31$%5&]?:]6#$5,/&]43%/(%$)],0)#><"/5+'

E#6%$/5#0/'3.'F30&#$2%/,307'RSST<'K,#+)'P*+#7'D%0'g3%:*,0'm%++#(7'M,+'D6,++'P#63$/,01'

F$,/#$,%<''

^0/$#B,07'D<7'^2%0&V!",/#7'U<7'g3"0&307'd<7'%0)'I%1#04*-"7'^<7'Z[RR<'P%6,)'#>6%0&,30'3.'

0%/*$%+'1%&')#2#+365#0/'63&#&'%'/"$#%/'/3'&*$.%-#'?%/#$&<'G2(%&,#2"',%'8/(.(40'-%1'

&*#'8%:,2(%$#%&<'XJSL7'a[eVaRR<')3,f'R[<RTS[]RR[[ae'

^_=<'E3#&'b3*$'K%-,+,/('h##)'%'D/3$5?%/#$'_#$5,/p'=0'@0)*&/$,%+'K%-,+,/('M6#$%/3$\&'N*,)#'

/3'^_=\&'D/3$5?%/#$'_#$5,/'_$31$%5<'M..,-#'3.'F356+,%0-#'%0)'^0.3$-#5#0/'P#1,30'

R[<'^_='SR[VQV[SV[[T'

^_=7'Z[[X<'@0)*&/$,%+'D/3$5?%/#$7'D#-/3$'Rf'M,+'%0)'N%&'^>/$%-/,30'K%-,+,/,#&<'^_='M..,-#'3.'

!%/#$<'^_=VTeeVKV[XV[Z`'

^_=7'Z[R[<'D6,++'_$#2#0/,307'F30/$3+7'=0)'F3*0/#$5#%&*$#'JD_FFL'P#1*+%/,30c'='K%-,+,/('

M?0#$]M6#$%/3$\&'N*,)#'A3'M,+'_3++*/,30'_$#2#0/,30<'^6%'a`[VQV[SV[[R'
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^_=7'Z[R`<'F356,+%/,30'3.'_*4+,-+('=2%,+%4+#'D3*$-#&'3.'m3+*0/%$('U%0%1#5#0/'_$%-/,-#&'

.3$'M,+'%0)'N%&'^>6+3$%/,30'O'_$3)*-/,30'J^O_L'!%&/#&'=&'A"#('=))$#&&'_,/&7'A%0B&7'

%0)'W%0)'=66+,-%/,30<'GD'^02,$305#0/%+'_$3/#-/,30'=1#0-('M..,-#'3.'D3+,)'!%&/#'

%0)'^5#$1#0-('P#&630&#'M..,-#'3.'P#&3*$-#'F30&#$2%/,30'%0)'P#-32#$(<'

^>#-<'M$)#$'h3<'h_E^D'hM<'F=D[[[[[R7'e'F<K<P<'RZ'JZ[R`L<'

^>#-<'M$)#$'h3<'h_E^D'hM<'F=DXRT[[R7'e'F<K<P<'RZ'JZ[RZL'

Q%$%5,'D7'A3$B%&"2%0)'_7'U3;%.%$,'D7'N3*)%$;,'=7'N"3)&,'U<7'Z[Re<'A"#'4%&,-'&/#6&',0'?%&/#'

5%0%1#5#0/',0'/"#'3,+'%0)'1%&'#>6+3$%/,30'%0)'6$3)*-/,30'6$3-#&&#&<'=00%+&'3.'

d,3+31,-%+'P#&#%$-"7'Z[Re7'`'J`LfRSVZZ'

O-%-4,%4',%13"&2,-.'"(.,1'6-"&#"')2($'$-%3)-/&32,%4<'$,%,%4<'(,.'-%1'4-"'+2(13/&,(%<'-%1'

3&,.,&0'/(-.'/($N3"&,(%7'RSSZ<'!%&",01/307'EFf'F301$#&&'3.'/"#'G<D<7'M..,-#'3.'

A#-"03+31('=&&#&&5#0/<''

U-d$3357'U<7'A"35%&7'A<7'O'|"%017'b<7'Z[RZ<'D3,+'#$3&,30'%0)'&*$.%-#'?%/#$':*%+,/(',56%-/&'

3.'0%/*$%+'1%&')#2#+365#0/',0'^%&/'A#>%&7'GD=<'M-&#2<'UJ`L7'S``VSaT<')3,f'

R[<eeS[]?`[`[S``'

M+5&/#%)7'D"#,+%'U<7'U*#"+#04%-"&7'W*-,H%'=<7'D","7'g","VD"(%017'F"*7'|,(%07'O'Q$*60,-B7'

=+%0'g<7'Z[Re<'D"%+#'1%&')#2#+365#0/',56%-/&'30'&*$.%-#'?%/#$':*%+,/(',0'

_#00&(+2%0,%<'D2(/##1,%4"'()'&*#'>-&,(%-.'!/-1#$0'()';/,#%/#"'()'&*#'L%,&#1';&-&#"'()'

!$#2,/-<'TT[JReL7'X<'
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P#%&30%4+#'%0)'_$*)#0/'_$%-/,-#&'.3$'D/%4,+,;%/,30'JP=__DL'3.'M,+'%0)'N%&'F30&/$*-/,30'

D,/#&7'Z[[`<'@0)#6#0)#0/'_#/$3+#*5'=&&3-,%/,30'3.'=5#$,-%0<'

D/3$5?%/#$'k*%+,/(7'Z[RX<'

"//6&f]]???<)#02#$132<3$1]-30/#0/])#02#$132]#0]?%&/#?%/#$V

5%0%1#5#0/]&/3$5?%/#$V:*%+,/(<"/5+'

D/%/#'!%/#$'P#&3*$-#&'F30/$3+'d3%$)<'

"//6f]]???<?%/#$43%$)&<-%<132]+3&%01#+#&]?%/#$u,&&*#&]6$31$%5&]&/3$5?%/#$]&
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PRODUCTION FACILITY SPILL CONTINGENCY PLAN
CCR 1722.9Operator Name, Address, Phone, Contact Facility Name, Address, Phone, Contact

Name:

Address:

City, State, Zip:

Phone:

Contact:

email:

Field/Lease: County:

Sec.        Twn.       Rge. Offshore: Y N (circle one)

Additional Facilities, Fields, Leases, Sections, Townships, Ranges, etc.:

31E-Water Plant (T12N/R23W/S31e)

29D-Oil Cleaning Plant (T32S/R24E/S29d)

Station 1-09 (T32S/R/23E/S9)

San Joaquin Valley Business Unit

Bakersfield, CA  93313

2F-Oil Cleaning Plant (T11N/R24W/S2f)

26C-Oil Cleaning Plant (T32S/R23E/S26)

31E-Oil Cleaning Plant (T12N/R23E/S31e)

(661) 654-7122

9525 Camino Media

Jim Waldron

!"#$%&'()*+,-&'(./'0

26C-Water Plant (T32S/R23E/S26)

26 C. Cogen (T32/R23/S26)

36L- Oil Plant (T12N/R24W/S36)\

Station 31 (T31S/R23E/S31)

Chevron Corporation Midway Sunset, Temblor Thermal Area

26251 Highway 33

Fellows, CA  

(661) 768-3672

Station 2-22 (T32S/R/23E/S9)

Tom Porter

1'02'&3,&)*+,-&'(./'0

Kern

26 C Unit III (T32S/R23E/S26)

2#4,565'758

PRODUCTION FACILITY SPILL CONTINGENCY PLAN
CCR 1722.9

A 24-Hour Emergency Contact Information - all calls to 2-22 (661-768-5416) who will contact the following: 
[Contact needs to be prepared to provide Division Staff with complete Facility Emergency Shutdown Procedures. Reference CCR 1722.9(a)]

Name Job Title Telephone/Cell Number

1

2

3

4

5

6

7

26 C. Unit III:  Call Bob Allen/Robert Price Jr. to shut down wells feeding 
into facility.  Facility would be operated manually by operators on duty 
24/7 at 26 C. Water Plant

661-768-3336 (26 C. WP), 661-
348-2256 (Latham), 661-340-
8591 (White), 661-331-7178 
(Allen),    661-332-2507 (Price)   

29D. OCP: Operator working from 26C. Water Plant would route incoming 
wastewater from 31 E. OCP to Valley Waste instead, Robby Price/Bob 
Allen would be contacted to shut down incoming wells into this facility

Plant operator on duty at 26C. Water 
Plant/Facilities Supervisor Troy Latham or 

Operations Supervisor Kenny White, Bob Allen 
- Operations Supervisor for Midway South 
Production, Robert Price - PT for Midway 

South Production

661-768-3336 (26 C. WP), 661-
348-2256 (Latham), 661-340-
8591 (White), 661-331-7178 
(Allen),    661-332-2507 (Price)   

Plant operator on duty at 26C. Water 
Plant/Facilities Supervisor Troy Latham or 

Operations Supervisor Kenny White, Bob Allen 
- Operations Supervisor for Midway South 
Production, Robert Price - PT for Midway 

South Production

26 C. OCP: shut down south production wells feeding into 26 C. Unit III 
and Gauge Setting 13. Plant operated manually by operators on duty 24/7 

at 26 C. Water Plant

2 F Oil Cleaning Plant: Call Bob Allen/Robert Price Jr. to shut down wells 
feeding into facility.  Facility would be operated manually by operators on 

duty 24/7 at 26 C. Water Plant

Plant operator on duty at 26C. Water 
Plant/Facilities Supervisor Troy Latham or 
Operations Supervisor Kenny White, Bob Allen 
- Operations Supervisor for Midway South 
Production, Robert Price - PT for Midway 
South Production

661-768-3336 (26 C. WP), 661-
348-2256 (Latham), 661-340-

8591 (White)

Plant operator on duty at 26C. Water 
Plant/Facilities Supervisor Troy Latham or 

Operations Supervisor Kenny White, Bob Allen 
- Operations Supervisor for Midway South 
Production, Robert Price - PT for Midway 

South Production

36L. Mixing Plant: call 26 W. Water Plant operators to secure plant and 
restrict truck off-loading

Plant operator on duty at 26C. Water Plant, 
Facilities Supervisor Troy Latham or 
Operations Supervisor Kenny White

31 E. Water Plant: Water comes into plant from 26 C. Water Plant.  
Water Plant operator on duty would be contacted, and if there was a need 

to shut-in production, it would be done 

Plant operator on duty at 26C. Water 
Plant/Facilities Supervisor Troy Latham or 
Operations Supervisor Kenny White, Bob Allen 
- Operations Supervisor for Midway South 
Production, Robert Price - PT for Midway 
South Production

661-768-3336 (26 C. WP), 661-
348-2256 (Latham), 661-340-
8591 (White), 661-331-7178 
(Allen),    661-332-2507 (Price)   

31 E. OCP: oil/water comes in from field: Call Bob Allen/Robert Price Jr. 
to shut down wells feeding into facility.  Facility would be operated 
manually by operators on duty 24/7 at 26 C. Water Plant

Plant operator on duty at 26C. Water 
Plant/Facilities Supervisor Troy Latham or 
Operations Supervisor Kenny White, Bob Allen 
- Operations Supervisor for Midway South 
Production, Robert Price - PT for Midway 
South Production

661-768-3336 (26 C. WP), 661-
348-2256 (Latham), 661-340-
8591 (White), 661-331-7178 
(Allen),    661-332-2507 (Price)   

661-768-3336 (26 C. WP), 661-
348-2256 (Latham), 661-340-
8591 (White), 661-331-7178 
(Allen),    661-332-2507 (Price)   

661-768-3336 (26 C. WP), 661-
348-2256 (Latham), 661-340-
8591 (White), 661-331-7178 
(Allen),    661-332-2507 (Price)   
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8

9

10

11

12

B Available Personal Protective/Safety Equipment
Type Location Maintenance Frequency

1

2

3

4

5

6

31 E. Water: Fire extinguisher, eye wash/safety shower, first aid kit in vehicle (annual inspections/maintenance)

26 C. Cogen: Thermal Supervisor will contact Co-gen operator on-duty 
who would activate the plant ESD, lock the gates, preventing entry, notify 
26 C. Water plant to re-route water normally coming to your drain tank, 
and notify production regarding loss of steam to 21 S. and 26 C.

Thermal Supervisor Joe McNeely, 26 C. Water 
Plant Operator/Facilitites Supervisor Troy 
Latham or Operations Supervisor Kenny 
White, and South Midway Production 
Supervisor Bob Allen

661-478-5096 (McNeely), 661-
768-3336 (26 C. WP), 661-348-
2256 (Latham), 661-340-8591 
(White), 661-331-7178 (Allen),    
661-332-2507 (Price)   

26 C. Water Plant: Operator manning 26C OCP would need to re-route 

at Station 1-09 would need to re-route water that is normally routed to  
those ponds via disposal line to an alternate disposal site or possibly shut 
in some wells

Plant operator on duty for 26 C. OCP at 26 C. 
Water and plant operator on duty at Station 1-
09, Facilitites Supervisor Troy Latham or 
Operations Supervisor Kenny White, North 
Midway Production Supervisor Chris Hansen

661-768-3336 (26 C. WP), 661-
768-4222 (Station 1-09), 661-
348-2256 (Latham), 661-340-
8591 (White), 661-331-2527 
(Hansen)

Station 1-09: The operator on duty 24/7 at 1-09 would contact Produciton 
Supervisor Bob Allen/Robby Price to have incoming production shut down 
for Production area 3, contact the Thermal Supervisor Joe McNeely to 
notify them that water normally routed to 17 S. Steam Plant, 21 S. Steam 
Plant, and the multiphase would not be coming for steam production, 
notify Station 31 operator on duty 24/7 that oil to facility may be reduced, 
and contact the operator at Station 2-22 if incoming soft water from that 
plant needs to be re-routed

Operator on duty at 1-09, Production 
Supervisor Bob Allen/Production Technologist 
Robby Price, Thermal Supervisor Joe 
McNeely, plant operator at Station 31, plant 
operator on duty at 2-22, and Plant Supervisor 
Troy Latham or Operations Supervisor Kenny 
White

Station 31: Operator at plant would notify plant operators at Station 2-22 
and Station 1-09 to stop incoming flow if oil storage capacity at the plant 
could not allow for any further oil into plant while emergency situation is 
being addressed.  May also contact Plant Supervisor Troy Latham and/or 
Kenny White, Operations Supervisor

Operator on duty at Station 2-22, 1-09, Plant 
Supervisor Troy Latham and Operations 
Supervisor Kenny White

661-768-4222 (1-09), 661-331-
7178 (Allen), 661-332-2507 
(Price), 661-478-5096 
(McNeely), 661-348-2256 
(Latham), 661-340-8591 (White), 
661-768-4635 (Station 31), 661-
768-5416 (Station 2-22)

Station 2-22: Operator on duty 24/7 at the plant would notify Chris 
Hansen, Operations Supervisor for the North Midway Production fields to 
shut-in production, then Thermal Supervisor Joe McNeely regarding 
possible reduction in water for steam to north Midway steam plants, and 
notify Station 31 operator regarding possible reduction in shipping oil to 
facility

Operator on duty 24/7 at 2-22, Production 
Supervisor for North Midway wells Chris 
Hansen, Thermal Supervisor Joe McNeely, 
and plant operator at Station 31

661-768-5416 (Station 2-22), 
661-331-2527 (Hansen), 661-
478-5096 (McNeely), 661-768-
4635 (Station 31)

29D. OCP: first aid kit and fire extinguisher in company vehicles (annual inspections/maintenance)

2F OCP: Fire extinguisher, first aid kit, respiratory protection, eyewash stations, fresh water hose connection (Annual inspections/maintenance)

26C, Unit III: Unmanned facility - Fire exinguisher, first aid kit kept in company vehicle for easy access (annual inspections/maintenance)

661-768-4635 (Station 31 
Operator), 661-768-4222 (1-09), 
661-768-5416 (2-22), 661-348-
2256 (Latham), 661-340-8591 

(White)

31 E. OCP: Respiratory protection, full and emergency eye wash stations, fire extinguisher, first aid kit (annual inspections/maintenance)

36L Mixing Plant: Fire extinguisher, first aid kit in vehicle (annual inspections/maintenance)
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D Government Agency Notification List (All examples may not apply)
Telephone Number

1 National Response Center (NRC) 800-424-8802

2 BOEMRE/OEMM (formerly MMS) 800-672-2627

3 Bureau of Land Management (BLM)

4 United States Coast Guard (USCG) 800-221-8724

5 Environmental Protection Agency (EPA) 800-300-2193

6 California Emergency Management Agency (CEMA) 800-852-7550

7 Division of Oil, Gas and Geothermal Resources

8 Department of Fish and Game (OSPR) 800-852-7550 or  800-OILS-911

9 Dept. Toxic Substances Control (DTSC) 800-698-6942

10 State Lands Commission (SLC) 562-590-5201

11 State Fire Marshall N/A

12 California Highway Patrol

13 Regional Water Quality Control Board

14 County Health Department

15 Fire Department

16 Local Police Taft

17 Certified Unified Program Agencies (CUPA's)
CUPA's are often fire departments, environmental health departments, or emergency services departments. They may
provide resources and liaison fuctions during oil spills.

(661) 862-8700

(559) 445-5116

661-861-2521

26 C. Cogen: Eye wash stations, respiratory protection, fire water systems, fire extinguishers, first aid kit (annual inspections/maintenance)

Station 1-09: Respiratory protection, fire extinguishers, eye wash stations, first aid kit and AED in control room (annual inspections/maintenance)

661-391-6130

661-322-4031

(661)-864-4400

(661)324-6551 (emergency 24 Hr)

661 763-3101

26 C. OCP: Respiratory protection (annual inspections), first aid and fire extinguishers in vehicle (annual inspections/maintenance)

26 C. Water Plant: Eye wash stations, respiratory protection, first aid kit (annual inspections/maintenance)

Station 2-22: Fire extinguishers, eye wash station, fixed H2S alarm, respiratory protection, first aid kit (annual inspections/maintenance)

Station 31: Fire extinguishers, eye wash station, first aid kit (annual maintenance/inspections)
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E Spill Control/Cleanup Equipment Available Either Onsite or in Another Location

(If at other location, please describe contact/requisition procedures)
Equipment Onsite Location or Contact/Requisition Procedures

1 26C. Unit III: Drain sump holding 7,793bbls

2 MSRC

3 31 E. Water plant sump holds 22,178 bbls Clean Harbors

4 31 E. OCP sump holds 9,948 bbls
Browns Backhoe Service 
(Bakersfield)

5 36 L Mixing plant: sump holding 5,515 bbls and sump holding 2,911 bbls
Denio Construction 
(Bakersfield)

6 29D. OCP berms around facility and sump holds 30, 998 bbls
Kern Small Construction, 
Inc. (Oildale)

7 26 C. OCP berms and sump hold 14,392 bbls
Kern Environmental 
Services (Bakersfield)

8 26 C. Water plant earthen basin holding 14,732 bbls
Kern Vacuum Service 
(Rosedale)

9 26 C. Cogen has earthen berm around facility, drain tank has berm
M.P. Vacuum Truck 
Service (Oildale)

10
Pool Vacuum Service 
(Oildale)

11

BOOTS AND COOTS 
EMERGENCY 
RESPONSE SERVICES

12

F Map of Production Facilities Including the Location and Labeling of:

1 !""#$%%$&'"(

Note: Operators may need to supply maps with all well locations listed. Refer to "Production Facility" definition, CCR 1760.

G Chemicals that Require a Material Safety Data Sheet and the Location of those Sheets

A separate sheet(s) may be needed to fulfill this requirement.

Chemical MSDS Location

H Procedures for Making Regular Facility Inspections and Maintenance of Inspection Records

1 Description of Inspection Procedures: [reference CCR 1773.3(b)]

26C, Unit III: Visual verification during AM and PM shift and continuous remote alarm monitoring from 26C Water Plant 

661-324-4705

661-588-6140

Station 31:  Berms around facility holding 50,193 bbls and holding 32,842 
bbls and holding 38,134 bbls and sump holding 4,719 bbls

1-800-OIL-SPIL (1-800-645-7745), 1-800-259-6772

1.800.OIL.TANK (1.800.645.8265)

661-393-6678

661-589-5220

2F OCP: Sump holding 3, 627 bbls; Earthen berms holding 4,516 bbls 
and 5,557 bbls

661-589-5220

Emergency Response Service Provider: Spill Response & Earthmoving Business Partners

661-366-3818

Station 1-09: earthen basin holding 8,183 bbls and additional one holding 
14,934 bbls. Storm drain valve locked closed unless high precipitation

Station 2-22: Earthen Berm holding 141,000 bbls around facility and 
Earthen Berm holding 31,631 bbls around Tanks 75-01 and 75-02

1-800-BLOWOUT (USA) or 1-800-256-9688

661-393-1151

MSDS sheets are located online at the Midway Sunset Home Page and many facilities have them at the site and in the Right to Know Center.  Please see attached 
spreadsheet

)$*"#+#,-#.
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2F OCP: Visual verification during AM and PM shift and continuous remote alarm monitoring from 26C Water Plant 

31 E. Water: Visual verification during AM and PM shift and continuous remote alarm monitoring from 26C Water Plant 

31 E. OCP: Visual verification during AM and PM shift and continuous remote alarm monitoring from 26C Water Plant 

36 L Mixing:  Visual verification during AM and PM shift and continuous remote alarm monitoring from 26C Water Plant

29 D OCP: Visual verification during AM and PM shift and continuous remote alarm monitoring from 26C Water Plant

26 C. OCP: Visual verification during AM and PM shift and continuous remote alarm monitoring from 26C Water Plant

26 C. Water plant: Visual verification during AM and PM shift and continuous remote alarm monitoring from control room

26 C. Cogen: During AM and PM shift, and alarm monitoring from control room

Station 1-09: visual verification every 3 hours and continuous remote alarm monitoring from control room

Station 2-22: visual verification every 3-4 hours and continuous remote alarm monitoring from control room

Station 31:  visual verification every 3 hours and continuous remote alarm monitoring from control room

H Procedures for Making Regular Facility Inspections and Maintenance of Inspection Records (continued) Maximum Rate

2 Maintenance of Inspection Records: [reference CCR 1777.3]

26C. Unit III: At 26C Water Plant and/or on intranet (O:\\MidwaySunset\Operations\Plants\MWSS FACILITIES\Station 2F, 26C, 29D, 31E\2011\2011 Deep South Process Check.xlsx  

2F OCP: At 26C Water Plant and/or on intranet (O:\\MidwaySunset\Operations\Plants\MWSS FACILITIES\Station 2F, 26C, 29D, 31E\2011\2011 Deep South Process Check.xlsx  

31 E. OCP: At 26C Water Plant and/or on intranet (O:\\MidwaySunset\Operations\Plants\MWSS FACILITIES\Station 2F, 26C, 29D, 31E\2011\2011 Deep South Process Check.xlsx  

36 L Mixing: At 26C Water Plant and/or on intranet (O:\\MidwaySunset\Operations\Plants\MWSS FACILITIES\Station 2F, 26C, 29D, 31E\2011\2011 Deep South Process Check.xlsx  

29 D. OCP: At 26C Water Plant and/or on intranet (O:\\MidwaySunset\Operations\Plants\MWSS FACILITIES\Station 2F, 26C, 29D, 31E\2011\2011 Deep South Process Check.xlsx  

26 C. OCP: At 26C Water Plant and/or on intranet (O:\\MidwaySunset\Operations\Plants\MWSS FACILITIES\Station 2F, 26C, 29D, 31E\2011\2011 Deep South Process Check.xlsx  

26 C. Cogen: Documentation of day shift surveillance in log books in control room. Night shift surveillance is visual only

I Produced Fluid Processing Rates

Station 1-09: At the plant or via the  intranet at <\\BDONTDFS1.BDO.CHEVRONTEXACO.NET\SHARE\MidwaySunset\Operations\Plants\MWSS FACILITIES\Station 1-09\2011\2011 Station 109 Plant 
Process Check.xlsx>

31 E. Water Plant: At 26C Water Plant and/or on intranet (O:\\MidwaySunset\Operations\Plants\MWSS FACILITIES\Station 2F, 26C, 29D, 31E\2011\2011 Deep South Process Check.xlsx  

26 C. Water Plant: At 26C Water Plant and/or on intranet (O:\\MidwaySunset\Operations\Plants\MWSS FACILITIES\Station 2F, 26C, 29D, 31E\2011\2011 Deep South Process Check.xlsx  

Station 2-22: at the plant or via the intranet at <\\BDONTDFS1.BDO.CHEVRONTEXACO.NET\SHARE\MidwaySunset\Operations\Plants\MWSS FACILITIES\Station 
2-22\2011\2011 - 222 Plant Process Check.xlsx>

Station 31: at the plant or via the intranet at <\\BDONTDFS1.BDO.CHEVRONTEXACO.NET\SHARE\MidwaySunset\Operations\Plants\MWSS FACILITIES\Station 
31\2011\2011 Station 31 Plant Process Check.xlsx>
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Typical Rate Maximum rate Facility Maximum rate

1 26C. Unit III- Oil 7 26 C. OCP 18,400 bbl/day

2 2F OCP 20,000 48,000 bbl/day 8 26 C. Water 75,000 bbl/day

3 31 E. Water 5,000 20,000 bbl/day 9 26 C. Cogen 16,000 bbl/day

4 31 E. OCP 3,500 23,500 bbl/day 10 Station 1-09: 120,000 bbl/day
5 36L Mixing 600 2,000 bbl/day 11 Station 2-22: 175,000 bbl/day

6 29 D. OCP  2,500 48,000 bbl/day 12 Station 31: 120,000 bbl/day

J Typical Volumes of Liquids Stored at the Facility

Facility Typical Volume

1 250 bbl 7 26 C. OCP

2 3,500 bbl 8 26 C. Water

3 3,500 bbl 9 26 C. cogen

4 3,500 bbl 10 Station 1-09:

5 1200 bbl 11 Station 2-22:

6 3,000 12 Station 31:

K List of additional containment features for production facilities in drainages with direct access to waterways
or urban areas as determined by the Supervisor.
Facility: Direct access to a waterway Is in an urban area

Additional Containment Feature(s)

1 26 C. Unit III

2

L Corrosion Prevention or Corrosion Monitoring Techniques Utilized

1 26C. Unit III: Tank maintenance every 3 years

2 2 F OCP: scale inhibitor for boilers

3 31 E. Water Plant: Corrosion inhibitor injection

4 31 E. OCP:  Corrosion inhibitor injection

5 36 L. Mixing: scale inhibitor for boilers

6 26 C. Water: scale inhibitor and corrosion inhibitor injection
7 26 C. OCP: Corrosion inhibitor and scale inhibitor injection

2F OCP

31 E. Water Plant

31 E. OCP

36 L. Mixing

29 D. OCP

25,000 bbl/day

5000 bbl

Facility

26C. Unit III

350 bbl

15,800 bbl

30,000 bbl

20,000-30,000 bbl/day

12,800 bbl/day

63,500 bbl/day
80,000 bbl/day

25,152 bbl/day

Typical Volume

8000 bbl

Has culvert pipe alongside it to route storm water 
into ditch, not into plant

Typical Rate

16450 bbl/day

Station 1-09: storm drain valve and line locked closed to prevent entry into blue 
line.  Only opened during periods of high precipitation

!"
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CCR 1722.98 Station 1-09: Scale inhibitor injection

9 Station 31: Scale inhibitor injection
10 Station 2-22: Corrosion inhibitor injection

M Description of All Installed Sensor and Alarm Systems

These may include alarms or sensors for Tank Overfill, High and Low Pressure for Pipelines, Fire, H2S, Gas, etc...

1

2

3

4

5

6

7

8

9

10

11

12
N Description of the Training Provided to Implement the Spill Contingency Plan

29 D OCP: T-1 High Level, High High Level, Low Level, Hi & Lo interface; T-2 High Level, High High Level, Low Level, Hi & Lo interface; T-3 High Level, High High 
Level and Low Level; T-4 High Level, High High Level and Low Level (This the drain tank-if it gets a HL,It shuts down all wells with a POC)

26 C. OCP: T-1 & T-2 HL,HHL,LL,Hi & Lo interface; T-3 & T-4 Hi & Lo interface,Hi & Lo temp; T-5 & T-6 HL,HHL,LL,Hi & Lo temp; T-8 Hi & Lo interface, Hi & Lo 
temp; T900 Hi & Lo interface; T903 HL,HHL,L and LL; T904 HL & LL; T905A/B Hi & Lo interface; T905C HL & LL

26 C. Unit III:  Tanks have level alarms monitored by remote at 26 C. Water Plant (T-1: high level, low level, high interface, low interface, high temp and low temp; T-
2: high interface, low interface, high temp and low temp; T-5: high interface and low interface)
2F OCP: T-1 has high level, low level, high interface, low interface, high temp and low temp(a few more than T-2 due to it can be used as a FWKO).
T-2 has high interface, low interface, high temp and low temp. T-5 has high interface and low interface.

31 E. Water Plant: T-1 has level high and level high high alarms
31 E. OCP: T1-A &B has HL AND HHL ALARMS. T-2 has high interface. T-3 has HL and HHL alarms. T-4 has HL and HHL alarms. T-6 has HL and HHL alarms. T-8 
has HL and HHL alarms.

36L Mixing: T-6 High Level, High High Level and Low Level; T-4 High Level, High High Level; T-5 High Level, High High Level and Low Level; T-7 high level; Upper 
tanks have common high level alarm (T-1, 2, 6, 10)

26 C. Water Plant: T600 High Level, High High Level, Level Alarm Low and LALow Low; T620 HL; T640 HL,HHL,LAL and LALow Low; T650 HL; T651 HL; T655 Low 
Low; T680 HL & Low Low; T681 HL & Low Low
26 C. Cogen: T-517 and T-50 have Level Alarms High, Level Alarms High High, Level Alarms Low, Level Alarms Low Low; Ammonia tank has high level alarm and 
switch with light and horn and external ammonia leak detector; every Ammonia System skid has an Ammonia Leak Detector with light; steam system has high 
pressure alarms and automatic shutdowns; each steam generator system has a fire water system
Station 1-09: Tanks T-101, T-102, T103, PWT-105, PWT-106, T-127, T-128, T-129, T-130, and T-131 all have level high alarms, level high high alarms, level low 
alarms, and level low low alarms; RWT and SWT have high level and low level alarms, and T-1500 has High level alarms, high high level alarms, and low level 
alarms.  Fixed H2S monitor is located at the VRU system location

Station 2-22: T-200-1,2,3,4 all have level alarms high and level alarms low and low low; T-100-1,2,3,4 all have level alarms high and level alarms low and low low; T-
50-1,3,4 all have level alarms high and low; T-200-5, 6, 7 have level alarms high and high high and level alarms low and low low; T-100-A,B and T-200-A,B all have 
level alarms high and high high, and T-75-1,2 have level alarms high, low, and high and low interface alarms 
Station 31: All tanks have level high and level high high alarms

New hire operations and maintenance training on equipment and components to include: hazard awareness orientation, heat illness prevention, H2S, 
California oil producers video, basic steam flood operations, injury and illness prevention plan, stop work authority and OE tenets, defensive driving, hazard 
communication, pumping units, piping and auxiliary equipment, valves, actuators, pumps, pump performance and inspection, overhead power lines safety, 
instrumentation and control, Plant science -- heat, heat exchanger - introduction, intro to compressors and positive displacement, airfield compliance, AWT 
operations, tanks, standard operating procedures, hazard identification, managing safe work, isolation of hazardous energy, hot work permitting, confined space 
work, excavation entrenching, working at heights, qualified gas testing, lifting and rigging, work management, instrumentation and control, piping and instrumentation 
diagrams, hand tools, fire extinguisher training, first responder operations

In addition to specific plant chemical injections, tank and pipe testing is performed according to regulation and inspection records by facility and equipment are kept 
at the corporate office located at 9525 Camino Media in Bakersfield.

A separate sheet(s) may be needed to fulfill this requirement.
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Additions, Additional Comments:

Site specific plant training with mentors, annual SPCC training (including reference to Initial Responder's Guide for spills), training on How to Pass an Environmental 
Audit with Flying Colors, Wildlife and Plant life annual CBT, waste management, management of process change, and Spill Prevention CBT w/tabletop exercise

Information sharing regarding the AB1960 DOGGR Spill Contingency Plan, Quick Action Checklist, reinforcement of MSDS location, and review of emerergency 
procedures in the event of a spill
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