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ABSTRACT

DEVELOPMENT OF FRAMEWORK FOR PREDICTING WATER PRODUCTION FROM

OIL AND GAS WELLS IN WATTENBERG FIELD, COLORADO

Water issues in the oil and gas industry have drawn attention from various stakeholders
including the public, industry and environmental groups. With the increasing demand for energy,
the number of oil and gas wells has increased greatly providing 60% of the energy in the United
States. Besides the large volume of fresh water required for drilling and hydraulic fracturing,
wastewater from the well can also lead to serious problems. The current approach for managing
wastewater from oil and gas fields is deep well injection or evaporation both of which can
potentially cause environmental issues. One of the best strategies to solve water issues from oil
and gas operations is to reuse wastewater as drilling and fracturing water so the volume of fresh
water required and wastewater disposed can be reduced. Information on both water quantity and
quality are required when designing wastewater reuse treatment facilities. This study provides a
framework for understanding water production trends from oil and gas wells in the Wattenberg
field in Northern Colorado by analyzing historical data from Noble Energy Inc. The Arps
equations were chosen for modeling water production from oil and gas wells. After studying
1,677 vertical and 32 horizontal wells in Wattenberg field, an exponential decline function was
applied to model the produced water production of all the wells and the frac flowback water of
horizontal wells. An Excel based 30-year water production prediction tool was developed based
on the two protocols developed for vertical and horizontal wells in the Wattenberg field. Three

case studies of different subsets of oil and gas wells were examined to illustrate the function of



the tool. In addition, a comparison of exponential and harmonic functions was made in the third
case study, and a significant difference was observed. The harmonic decline function predicts a
less aggressive decline resulting in higher production volumes. It was concluded that in the
absence of long term production data, the harmonic decline function should be used since the

exponential decline function may underestimate the volume of produced water.
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Chapter 1. Introduction

1.1. Origins of the problem

“Courage, determination, and hard work are all very nice, but not so nice as an oil well in

the back yard.”
-Mason Cooley

With the rapid growth of economies throughout the world over the past several decades,
the availability of energy has become critically important. As major forms of fuel, oil and gas
provide about 60 percent of the world’s 6.9 billion people with their daily energy needs,
while other forms of energy like coal, nuclear and hydroelectric power , wind and solar
provide the other 40 percent [1]. With the economic recovery of the United States and the
rest of the world, total energy demand will rise by 1.2% per annum in the next five years in
the US [2], driving the need for additional oil and gas supplies. More oil and gas wells will
be drilled to meet the energy demand increase; therefore, more hydraulic fracturing will be
performed in the future. With heightened public knowledge and awareness of hydraulic
fracturing, many people believe that the fracturing process can cause severe environmental

problems, such as water shortages and pollution of both surface and ground water [3].

In order to drill a new oil and gas well, water mixed with other chemical components and
sand is used for hydraulic fracturing to release oil and gas from shale formations deep
beneath the ground [4]. Water usage varies depending on the type of well. Typically for
vertical wells, 65,000 to 600,000 gallons of water is needed, but horizontal deep shale gas

and oil wells require an average of 4.5 million gallons of water per well [4]. Fresh water is



often the major water source for hydraulic fracturing. As one of the states that have large oil
and gas reserves, Colorado has over 95,000 oil and gas wells in total as of February, 2012
[5]. The biggest oil and gas field in Colorado is the Wattenberg field lying northeast of
Denver, and average water usage for the wells in the Wattenberg field is around 3 million
gallons per well [6]. Due to the rapid growth of population and industry in Colorado, the
water scarcity problem has drawn more attention than ever before [7]. Besides the large
amount of water needed for hydraulic fracturing, the water pollution problem is also
becoming critical with the exploration and production of oil and gas wells. Though there is
no evidence that hydraulic fracturing pollutes ground and surface water, people have begun
to discuss this because of the additives in the fracturing water [8]. At the same time, since
water also comes out with gas and oil from a well, it is important and necessary to have a

good understanding of water as well as oil and gas production.

1.2. Structure of thesis

To better understand the impact of water from oil and gas wells, an in-depth study was
performed to analyze the overall water balance during the entire oil and gas production
process. Protocols and models were designed to predict total water production from oil and
gas wells from a given field. The thesis is divided into 4 sections: (1) review of existing
literature about water production in oil and gas wells, (2) analysis of production data from
sample wells in Wattenberg field and modeling of the water production trend for both
vertical and horizontal wells, (3) discussion of protocols and tools designed to predict total
water production for the life of the well and (4) case studies on wells in different selected

regions of Wattenberg field with uncertainty analysis.



Chapter 2. Literature review

2.1. Introduction

By the end of 2009, according to the U.S. Energy Information Administration, the proven
reserves of crude oil in the U.S. were 22.3 billion barrels, and natural gas reserves were 283.9
trillion cubic feet [9]. The latest report released by the U.S. EIA showed that by the end of
2010, the proved reserves of crude oil in the U.S. were 25.2 billion barrels and the natural gas
reserves were 317.6 trillion cubic feet [9]. Oil and gas make up to 60% of the energy source
in the U.S. and the number of oil and gas wells will increase as a result of the increased
energy demand. [10]. Water problems associated with oil and gas wells have caused concern
[11] including water demand for drilling and fracturing [12,13,14], water contamination
[15,16] and collection and handling of frac flowback and produced water during the oil and

gas production process[17,18,19].

When oil or gas is extracted from underground formations, water also comes to the
surface, and it is usually called produced water [20]. Also, as the largest waste stream
generated by the oil and gas industry [20], produced water is difficult to manage and treat. In
the United States, approximately 21 billion barrels of produced water has been generated
from nearly one million oil and gas wells in 1985 and 18 billion bbls in 1995 [21,22] and 14
billion bbls in 2002 [20,23]. In Colorado, there are roughly 49,800 active wells and with an
additional 46,300 wells which have been plugged and abandoned [5]. As one of the largest
natural gas deposits in the United States, Wattenberg oil and gas field is located in the

Denver-Julesburg Basin. In 2009, with an estimated 195.3 billion cubic feet of natural gas



production, Wattenberg field was ranked as the 10" largest source of natural gas in the

United States [24]. Figure 2.1 shows the location of Wattenberg field in Colorado.
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Figure 2.1. Wattenberg field in Colorado [25]

The 100 square mile geological formation located north of Denver, Colorado in Weld,
Adams, Boulder, Broomfield and Larimer counties, Wattenberg field produces both crude oil
and natural gas [25]. Currently there are over 18,000 wells in the Wattenberg field [26] and
over 7,700 wells are operated by the Noble Energy Inc. New wells are still being drilled
every year in the Wattenberg field [5], which demands a large volume of water for drilling
and fracturing and results in significant frac flowback and produced water. In Colorado, most

of the drilling water, known as hydraulic fracturing water, comes from fresh water.

Today, water shortages are not only a regional problem but a global consideration. The

rapidly increasing population and industrial activity have led to increased water demand and



use. That, together with climate change, has contributed to a world-wide water crisis. In the
United States, the government projects that by 2013 at least 36 states will face water
shortages due to the combined results of rising temperatures, drought, population growth,
urban sprawl, waste and excess [27]. As the principal river of the southwestern United States
and northwestern Mexico, the Colorado River supplies water for agricultural and urban areas
as well as hydroelectric power in the southwestern desert lands of North America [28]. A
study in Water Resources Research in 2007 showed Colorado River reservoirs would risk
running dry by 2057, leaving many downstream cities like Las Vegas, Los Angeles and San
Diego short of water [29]. The Colorado Water Conservation Board has identified potential
solutions to mitigate the water shortage in Colorado. One of the key outcomes to reach the
water conservation goal is to recycle and reuse waste water [30], which also applies to the oil

and gas industry.

2.2.  Water use in energy production

Water is very important in energy resource development. Table 2.1 shows the water use
for generating 1 million British thermal unit (MMBTU) of energy by different types of
energy resources. On average coal requires 2-8 gallons of water without slurry transport and
13-32 gallons of water with slurry transport. On the other hand, only 0.82-3.7 gallons of
water is needed by deep shale natural gas [31] to produce the same amount of energy, and
groundwater is the major source of water used in shale gas exploration. It is clearly shown
that water use for natural gas extraction can be less than the water used by other energy

sources, therefore natural gas would be the best choice for saving water in energy production.



Table 2.1: Water use for energy production from various energy resources [32]

Deep Shale Natural Gas 0.84 -3.70°
Coal (no slurry transport) 2-8
Coal (with slurry transport) 13- 32

Nuclear (uranium ready to use in a

power plant) 8-14
Conventional Oil 8-20
Synfuel - Coal Gasification 11-26
Qil Shale 22-56
Tar Sands 27 -68
Synfuel - Fisher Tropsch (from coal) 41-60
Enhanced Oil Recovery (EOR) 21-2,500
Biofuels (Irrigated Corn Ethanol, 52,500

Irrigated Soy Biodiesel)

'Source: “Deep Shale Natural Gas: Abundant, Affordable, and Still Water
Efficient”, GWPC, 2010.

“The transport of natural gas can add between zero and two gallons per
MMBTU.

On average 1 to 5 million gallons of water is used to drill and fracture a shale gas well,
and sometimes a well can be fractured up to 18 times. According to “The Marcellus Effect,”
a typical gas well uses about 4 million gallons of fresh water over its lifetime [33]. A study of
Noble oil and gas wells in Wattenberg field [6, 34] found that an average of 3 million gallons
of fresh water is used for the hydraulic fracturing of one well. Besides the impact this might
have on regional water availability, water transportation and storage must also be considered

because the cost can be significant [35].



2.3.  Water production from oil and gas wells

Water production, one of the major environmental, economic, and technical problems in
the oil and gas industry, can limit the productive life of wells and cause severe operational
problems such as corrosion, fines migration and hydrostatic loading. It is estimated that on
average 8 barrels of water are generated while producing one barrel of oil, and the money
spent in the United States to handle and dispose of the produced water is around 5 to 10

billion dollars every year [20].

2.3.1. Water production source and mechanism

The sources of produced water include injected water (frac water), formation water and
aquifers. The injected hydraulic fracturing water could be the major source of water from oil
and gas wells. After a large amount of water is injected into the formation where the well is
drilled, only 15-40% of that water comes out as frac flowback [36]. The rest of the water
stays in the formation and may come out at some point as produced water with oil and gas
production through the life-cycle of the well. Formation water is another source of produced
water. This is water which was originally trapped within the formation like oil and gas, but it
can have limited contribution to water production. Aquifers could be another potential source

of produced water.

Water can follow two types of paths to the wellbore. In the first one, water usually flows
to the wellbore through a separate path from that of the hydrocarbons. Usually this type of
water production will compete with oil and gas production, so in order to increase oil and gas
production rates with higher recovery efficiency, this type of water production must be

reduced. The second type of water production is water that is co-produced with oil, usually in



the later life time of a well. In this case, the reduced water production may result in a

corresponding reduction in oil production [20].

2.3.2. Causes of water production problems
The causes of water contamination and production problems can be divided into three
main categories: mechanical problems, completion related problems and reservoir related

problems.

Mechanical problems refer to poor mechanical integrity of the casing, such as holes, wear
and splits, and other leaks. Casing leaks lead to unwanted water entry and a rise in water
production. Completion related problems include channels behind the casing, completion into
or close to a water zone and fracturing out of the zone. The reservoir related problems are

mainly channeling, coning and depletion [20].

2.4. Characteristics of water production

Based on the quantity and quality of the water coming out of the well, the water can be

classified as two types: frac flowback water and conventional produced water.

2.4.1. Frac flowback water

Frac flowback water is the water produced from the fracturing of oil and gas wells, and it
usually consists of fracturing fluid which returns to the surface. This water always contains
chemicals, metals, and other components that are used for hydraulic fracturing. The frac load
recovery can be from 15-40% of the fracturing fluid [36], and it flows back over a period of 3
to 4 weeks after fracturing, most of it within 7-10 days. Flowback water usually has high
salinity and total dissolved solids (TDS) as well as organics and metals [37]. Table 2.2 shows

the comparison of water quality between feed water and frac flowback. From the table, water



quality changes significantly from feed water to flowback. High salinity and TDS is seen in

flowback water as well as organic materials like methanol and total organic carbon (TOC).

Table 2.2: Flowback water quality (mg/L) [35]

| Parameter | Feed Water | _Flowback |

pH 8.5 451t06.5
Calcium 22 22,200
Magnesium 6 1,940
Sodium 57 32,300
Iron 4 539
Barium 0.22 228
Strontium 045 4,030
Manganese 1 4
Sulfate 5 32
Chloride 20 121,000
Methanol Neglible 2,280
TOC Neglible 5,690

2.4.2. Produced water

Produced water is the water that naturally occurs in the shale beds that are traversed by
the wellbore. Usually, produced water flows throughout the whole lifecycle of the well along
with oil and gas production, and there is currently no clear understanding of the volume and
production rate of produced water over time. This water is also very saline with a high TDS.
The water quality of produced water can vary a lot depending on the formation and the type
of well [37]. The comparison of flowback water with conventional produced water is shown
in Table 2.3. High TDS and TSS can be seen in produced water, and the oil and grease can

vary a lot from a dry natural gas well to crude oil well.



Table 2.3: Comparison of flowback water quality with produced water quality [38]

Comparison of FB Water with
Conventional Produced Water
Location A Location B Conv. PW
Parameter 14-d FB | 14-d FB
pH 5.5 6.5 5-8
Alkalinity * 52 93 NA
TDS ** 112,000 105,000 20,000 -
100,000
Tot Susp Solids ** 17 197 0-250
Tot Org Carbon ** 34 39 NA
Biochemical Oxygen 149 2.8 NA
Demand ¥
Oil & Grease ** 31 < 5 mg/l 3-100
* mgll as CaCO3 ¥ mgl/las O, 7 NA = Not Available
* mgll t ND = Nondetect F IPEC, 2004; GRI, ‘94

2.5.  Produced water management

Due to the potentially hazardous components in the flowback and produced water, U.S.
Environmental Protection Agency (EPA) has regulated the disposal of produced water [39].
There are five ways currently in use for the management and disposal of flowback and

produced water.

2.5.1. Evaporation in pits/ponds

Though natural evaporation would be the easiest and cheapest way to handle produced
water, it is not practical due to a number of restrictions. Usually natural evaporation can only
happen in dry areas where the precipitation rate is lower than the evaporation rate, and
evaporation will be limited because of the extremely high salinity and TDS of the water. Also

10



the grease and organics in the water may form a crust over the pond and lead to the failure of

evaporation [35].

2.5.2. Disposal wells

As the most commonly used method for produced water disposal, the disposal well is a
contentious topic. The injection of produced water into deep underground injection wells
allows saltwater (frac flowback and produced water) to be managed [40]. According to the
Energy Tomorrow Blog, the number of class Il injection wells in each state is shown in

Figure 2.2.

piAvesiesde e aiuiasadal s b ot Sy Source: Energy Tomorrow Blog

Figure 2.2. Class Il injection wells across the country

EPA has delegated underground injection control to each state, following the federal Safe
Drinking Water Act for surface ground water protection. Operators are therefore required to

follow the disposal regulations of each state [40].

11



Figure 2.3 shows the typical construction of a class Il injection well. The construction
standards for a disposal well require three layers of casing to protect groundwater. The first
layer is surface casing, with a steel pipe encased in cement from ground surface to the
deepest groundwater level. This casing provides protection during the drilling of the well.
The second layer is the production casing, with a pipe placed in the wellbore and cemented
permanently in place. The third protection layer is the injection tubing string and packer
through which the injected water can travel to the underground formation. Because of the
three protection layers in a class Il injection well, impact on groundwater can only be seen

when all three layers fail at the same time [40].

12
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Figure 2.3. Wellbore of typical class Il injection well [40]

Though disposal wells have been adopted widely for produced water management, it is
considered unsafe to inject produced water directly into disposal wells because of the
potential impacts to water supply aquifers and the possibility that the produced water may
migrate to streams. So in many states, disposal wells are inspected at least once a year to
make sure that no contamination has occurred. Another concern of injection wells was the
potential of causing induced seismicity. Earthquakes related to injection wells have been
reported in Texas and Ohio. In October 20, 2011 a 4.8 magnitude earthquake struck the area
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of South Texas where many oil and gas wells are located. Seismologists explained that it was
not caused by hydraulic fracturing but the injection of disposed fracing wastewater [41].
Besides earthquakes, induced seismicity is more likely to happen as a result of the injection
of fracing wastewater [42]. At the same time, due to the limited capacities of the disposal
well (1200 to 3000 bpd) and the substantial capital investment with uncertain life span (1 to 2
million dollars), as well as other factors like transportation, few new injection wells have
been permitted. As a result, disposal wells will probably play less of a future role in the

management of produced water [35].

2.5.3. Disposal to publicly owned treatment works (POTWSs)

Another alternative for handling produced water is to dispose of the water into publicly
owned treatment works (POTWSs). However, because of the high salinity of produced water
and the biological processes commonly adapted in POTWSs which do not remove TDS, it’s
currently impractical and perhaps not possible to treat the produced water in POTWS. In

addition regulatory limitations prohibit this option [35].

2.5.4. Direct reuse for fracturing

Since the hydraulic fracturing fluid has high viscosity and various additives, many
companies have considered reusing produced water directly for fracturing. Chemical
additives can be recycled by recycling produced water for hydraulic fracturing, and because
of the high salinity requirement of fracturing fluid, TDS does not need to be decreased, so
that energy and cost for treatment can be kept at a lower level. However some other chemical

components such as chlorides should be removed or reduced because they can cause

14



corrosion and impact fracturing. Also safety problems such as chlorides and bacteria should
be considered when reusing produced water for fracturing [35]. To treat produced water for
fracturing use, typical treatment processes include: separation of oil and grease, organic

material adsorption and removal, hardness removal and raw TSS removal. Figure 2.4 shows

an example of the treatment process for treating produced water for reuse as fracturing fluid.

Oil Limeor Sodium Soda
Byproduct Caustic ~ Sulfate  Ash
Acid
Frac 3 ‘ Treated
Flowback : Water
Water
GAC: Precip/Clarifier: Sand Filter:
Organics Polish Hardness Removal TSS Removal

Oxidation:

Chlorine Dioxide Al

Figure 2.4. Example treatment process of produced water for reuse as fracturing fluid [43]

2.5.5. Treatment for reuse or surface discharge

In order to reuse produced water for purposes other than use in hydraulic fracturing,
additional treatment processes are needed. TDS reduction is the most critical process in this
type of treatment of produced water. For example, the TDS standard for agricultural
irrigation is less than 2,000 mg/L and for surface discharge, the TDS should be less than 500
mg/L. Hence different treatment processes should be used for different TDS removal targets.

For this type of reuse, membrane filtration is usually used after the treatment processes

15




illustrated in Figure 2.4, and reverse osmosis (RO) membrane is the best choice. Figure 2.5

shows the treatment process for reusing produced water for agriculture or surface discharge.
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Figure 2.5. Example treatment process of produced water

for agricultural use or surface discharge [43]

Though membrane filtration is the most efficient way for TDS removal, the cost is
always high and varies depending on the influent water quality and outflow water quality

target [35]. Figure 2.6 shows the relative cost vs. the range of applicability.
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Figure 2.6. Range of applicability vs. cost for treating produced water [43]

2.6. Environmental impacts in the oil and gas industry

In addition to the amount of water use in hydraulic fracturing, there are other
environmental and community concerns related to shale oil and gas development. The
potential impacts are summarized in Figure 2.7: air issues, community impacts, water issues

and land issues.
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Figure 2.7. Major issues from shale oil and gas well development

2.6.1. Airissues

Leakage of gases from the well and engine emissions from trucks and pumps are two
sources of air issues. The major type of leakage from a gas well is the gas itself, composed
of methane, ethane, liquid condensate and VOCs. Some of these are potent greenhouse gases
(GHGs) that can contribute to global warming and others (e.g. benzene) can cause public
health problems. Studies conducted in Denver in 2011 and 2012 show that 4% (more than the
1-2% estimated previously) of the methane produced by gas wells was being released [28,
44, 45]. Research in 2012 shows that air pollution caused by fracturing may lead to acute and

chronic health problems for people living near drilling sites [46]. Also, diesel trucks that
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transport water and other materials for fracturing and the engines for the high pressure

pumping are important sources of emissions.

2.6.2. Community impacts

Because nearly all oil and gas wells are in rural areas, a dramatic increase in traffic is
required. Gas Field Specialists, one of the well services companies in Shinglehouse,
Pennsylvania, uses tanker trucks to carry fracturing fluids and wastewater from the well.
According to their estimates, if 2 million gallons of water is used for one well, 366 tanker
trucks are required for hauling fresh water and another 183 trucks for hauling waste water, so
a total of 549 tanker truck trips are needed for the hydraulic fracturing of one well [47].
However in Pennsylvania, in order to drill one horizontal Marcellus well, total water use is
3.5 million gallons on average and it requires about 960 truck trips to carry all the fresh and
waste water [47]. According to the study on Noble wells in Wattenberg field, Colorado, 3
million gallons of water is needed for hydraulic fracturing [6, 34] and 824 truck trips are

needed.

2.6.3. Water issues

Water used for drilling and hydraulic fracturing usually comes from existing sources and
therefore competes with other users. Due to the amount of water that is used for hydraulic
fracturing, well drilling may lead to regional water depletion, especially in dry areas.
Additionally, water contamination is another concern in oil and gas operations. Surface spills
and leakages of fracturing fluid from the wellbore are two potential mechanisms for water
contamination. Both fracturing liquids and produced water can spill out from the well and
cause environmental contamination. Meanwhile, the wastewater disposed of either in

disposal wells or evaporation ponds can pollute surface and ground water with both the
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chemicals used in the fracturing fluids, contaminants from the formation water and naturally
occurring radioactive materials (NORM) from the deep shale formation. The typical gases
that can escape during fracturing and drilling operations are methane, ethane, and other

VOCs that may be hazardous (e.g. benzene).

2.6.4. Land issues

Another issue is the land and space used by the well. For a Marcellus well, only 16 wells
can be spaced per square mile, and on average a town can contain up to 1500 wells [47].
Horizontal wells, on the other hand, require a large space, so more land is needed. Usually a
pad can range from 5 to 15 acres. The development of natural gas could also potentially have
an impact on the terrestrial ecosystem. Trees, shrubs and other understory plants respond to
the fracturing fluid with leaves turning brown, wilting, and subsequent leaf and bud mortality
[48]. Also it may have impact on wild animals by destroying their living habitats and ranges
and exposing them with chemical additives. In Pennsylvania, September 2009, Dunkard
Creek suffered from a massive fish kill and EPA scientists pointed out it may have been the
result of the wastewater from hydraulic fracturing of shale gas [49]. At the same time, road
damage as well as erosion and sediment can be seen as a result of drilling new natural gas

well.

2.7. Ways to minimize environmental impacts from hydraulic fracturing

Since water is the most important part in hydraulic fracturing, the best way to minimize
environmental impacts is better fluid management. This includes both water management and

air emission control.
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2.7.1. Water management

Oil and gas wells are usually widely dispersed and wastewater from the wells is
generated in small volumes compared to domestic wastewater. In addition, there is a
difference in water quality between frac flowback and produced water, and different
purposes for the end use of the treated water exist. For these reasons, it is difficult to set up a
centralized wastewater treatment facility in rural areas for these wells. Therefore, a
Geographic Information System (GIS) based approach is required to optimize water
management. Among all water management practices, water reuse and recycling is the most

efficient and effective approach for minimizing impacts.

By recycling and reusing wastewater for hydraulic fracturing, fresh water demand will
decrease and hence the required truck trips will also be decreased. Also, with less wastewater
being injected into disposal wells or evaporation ponds, the possibility of surface and
groundwater contamination will be lowered as well as the impact of the contamination on

ecosystems.
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Figure 2.8. Oil and gas well energy and water balance

Figure 2.8 shows energy and water balance for a typical shale oil and gas well. Best water
management can be achieved by treating wastewater from the well. According to Figure 2.8,
by reusing treated water from the wastewater treatment facility, there will be less disposal
water and the related issues will be reduced. Also the reused water will help decrease the
amount of fresh water demand which provides higher efficiency of water use. In order to
design the capacity of the treatment facility, both water quantity and quality of frac flowback
and produced water is required. Water quality can be easily tested; however, there is no
method for calculating and predicting water quantity from a dynamic well field that is being
actively developed. Therefore, it is important to develop a protocol for water production

calculation and prediction.
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2.7.2. Green completions

Recycling wastewater can reduce air emissions from trucks since new water does not
need to be transported to the site. In addition, other potential spills and leakages of gas can be
lowered, such as the storage tank of wastewater from which gas (methane for example) can
emit into the air. EPA issued new regulations on air pollution from hydraulically fractured
gas wells on Apr. 17, 2012 [50]. The new regulation requires all operations to practice
“reduced emissions” or “green completions” to capture gas and other volatile organic
compounds (VOCs) that are released with hydraulic fracturing flowback water. Much of the
gas released during fracturing is off-gassing from the flowback water and measures need to

be taken to assure it is not vented to the atmosphere.

Green completion techniques are the methods designed to minimize the released natural
gas and oil vapors into the environment during the completion period of a well. The benefits
of green completions include minimizing the release of greenhouse gases (such as methane)
and VOCs, and maximizing the recovery of natural resources by selling the gas instead of

letting it go into the atmosphere [5].

Under the new rule, estimation was made that between 190,000 and 290,000 tons of
VVOCs emissions and from 12,000 to 20,000 tons of benzene emissions from hydraulic
fracturing equipment would be eliminated per year. In addition, between 1 million and 1.7
million tons of unrecovered methane emissions would be eliminated by this rule. The EPA
announced it would delay requiring the use of green completion technology until 2015 to
provide time for producers to finish the transition. Before 2015 operators will have the option

of using either green completion technology or flaring gas [51].
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2.8. Current research on produced water quantity

In order to treat and reuse produced water, it is important to understand how much water
is produced as well as its quality. Current research has focused on the quality of produced
water, since the production pattern of produced water is complicated and changes from well
to well. There are many factors impacting the volume of produced water: type of well drilled,
location of well within the reservoir structure, type of completion, type of water separation
and treatment facilities, water flooding for enhanced oil recovery, insufficient produced
water volume for water flooding, loss of mechanical integrity and subsurface communication
problems [20]. Typically horizontal wells have higher water production rates than vertical
wells. On average, 7 bbls of water is produced with production of one bbl of crude oil in the
U.S. [52], the same result American Petroleum Institute’s (API) produced water surveys
found in 1985 and 1995. API had calculated the water-to-oil ratio of about 7.5 bbls of water
for each bbl of oil produced, and the number increased to approximately 9.5 according to the

produced water survey in 2002 conducted by API [20].

There has been very limited research on produced water decline trends. In 2011, the
USGS (United States Geological Survey) conducted a study on oil, gas and water production
from Wattenberg Field in Colorado. Produced water volume of one sample well decreases
from 1.2 to 0.65 bbl/day over 5 years from 1990 to 1995; however the pattern of water

production is not analyzed [53].

The Arps equation (Equation 2.1) [54] is generally used for calculating the production
rate of oil and gas and therefore can be used as a first approximation for modeling decline

rates. In the Arps equation, g is production rate at t, g; is initial production rate, D; is the

decline rate constant, t is time and b is the degree of curvature.
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In the Arps equation (Equation 2.1), b value changes from 0 to 1. When b=0, the Arps
equation changes to the form of Q=Ae™ which is exponential decline, and when b=1, the

equation changes to harmonic decline.

Figure 2.9 shows the different decline curves with different b values in Arps equation.

Figure 2.9. Decline curves from different b values in Arps equation [55]

2.9. Objectives and hypothesis

Previous research has focused on produced water quality and methods for treatment.
When considering reusing frac flowback and produced water, the quantity of water is also
important for designing the capacity of the treatment facility. Therefore, it is necessary to
study the water production trends from these wells as well as the relationships between water

production and spatial location. GIS will be the best tool for understanding how water
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quantity varies in different locations. At the same time, since disposal wells are still the most
commonly used way to handle wastewater from oil and gas wells, it is important to be aware
of how much water to expect so that truck trips to carry the water to disposal wells can be

estimated.

This research focuses on fitting historical water production data from Noble Energy Inc.
wells in Wattenberg field with the Arps equation, by studying the historical decline trends of
water produced, and modeling prediction of water production. The research has four research

objectives:

=

Develop protocol for predicting produced water production from vertical wells

N

Develop protocol for predicting frac flowback and produced water production from

horizontal wells

.

Create Excel tool for predicting total water production for Wattenberg field

&

Complete case studies of tool application in three different well fields.

26



Chapter 3. Development of protocols and tools for predicting frac
flowback and produced water volume from Wattenberg oil and gas

field

Bing Bai ?, Caleb Douglas®, Ken Knox”, Ken Carlson *

# Department of Civil and Environmental Engineering, Colorado State University, Fort Collins, Colorado
®Noble Energy, Inc., Denver, Colorado

To be submitted to Journal Petroleum Science and Engineering

Abstract

The objective of this study was to develop protocols and interactive tools that could be used to
predict frac flowback and produced water volumes considering the unique decline rates that exist
for different types of oil and gas wells. Specifically, water production data from the Colorado Oil
and Gas Conservation Commission (COGCC) and Noble Energy Inc. were used to develop
protocols for modeling water production for vertical and horizontal wells, a distinction made
largely due to the different amounts of water used for each. If centralized water treatment and
handling facilities are going to be designed and constructed, it is important to have a reliable
estimate of the water that will be produced in the future as wells are completed and brought on
line. An Excel-based tool was developed utilizing the horizontal and vertical well protocols for
predicting total volume of water production by current and future wells in Wattenberg Field.
Two case studies have been conducted including one with all of the Noble wells in Wattenberg
Field and one with a subset assuming a regional treatment center might be established.

Uncertainty of the predictions was determined using standard error calculations on the two
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modeling parameters for water flow decline rates. An interactive Excel-based spreadsheet has
been developed to allow predictions of water production based on the number of horizontal and

vertical wells drilled in the future.

Research highlights:

e Two protocols were developed for predicting water production from vertical and
horizontal oil and gas wells.

e An Excel-based tool was created that utilizes the two protocols to predict total water
production in Wattenberg field.

e Uncertainty of predictions was estimated by determining the 95% confidence limits of
two parameters used for decline rate modeling.

e Two cases studies were conducted using the Excel-based tool to predict flowback and

produced water.

Keywords: Oil and Gas Wells, Frac Flowback, Produced Water, Wattenberg Field

3.1. Introduction

By the end of 2010, the proven reserves of crude oil in the U.S. were 19.1 billion barrels
[56], and the natural gas reserves were estimated to be greater than 300 trillion cubic feet
[57]. Since more than 60% of US energy is supplied by oil and gas, it is likely that the
number of wells drilled over the next few decades will continue to increase as a result of
increased energy demand [2]. In the oil and gas industry, water is a major concern, not only

because of its demand in drilling and hydraulic fracturing, but also because of the water
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produced from oil and gas wells. Drilling and hydraulically fracturing a horizontal shale well
requires an average of 3 to 6 million gallons of water [31] and in the Wattenberg field in
northern Colorado, each vertical and horizontal well uses an average of 0.39 million and 2.8
million gallons of water respectively [6, 34]. Increased water demand for the oil and gas
industry may stress already scarce water supplies in Colorado. However, after the completion
of a well, a large amount of water, known as frac flowback and produced water returns with
the extracted oil and gas. This water has higher total dissolved solids (TDS) and lower water
quality than fresh water [35, 58] and can be difficult to handle and treat. Water pollution
from frac flowback and produced water has drawn attention recently and will likely continue
to be a controversial topic in the future. One of the best strategies to mitigate the water
related risks in the oil and gas industry is to recycle and reuse water. Therefore it is important
to understand how much water is being produced and what the quality of that water is so that
the appropriate treatment processes can be chosen for reusing and recycling the water [59,

60].

Nomenclature

Q  Water flow rate (bbl/year)
t  Well age (year)

k  Vertical well water
production decay rate (year™)

ki  Horizontal well frac flowback
production decay rate (year™)

a  Horizontal well produced water
production decay rate (year™)

A Vertical well initial water flow
rate (bbl/year)

A;  Horizontal well initial frac
flowback flow rate (bbl/year)

C  Horizontal well initial produced
water flow rate (bbl/year)
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3.2. Methods and materials

3.2.1. Site location and description

The Wattenberg field is an unconventional shale play located northeast of Denver,
Colorado. With an estimated 195.3 billion cubic feet reserve of wet natural gas in 2009, the
Wattenberg field is ranked as the 10" largest natural gas field in the United States [24].
Additionally, some estimates have predicted that Wattenberg field could yield as much as 1
to 2 billion barrels of oil equivalent, comprised of 70% oil and 30% natural gas [61]. Lying
in the Denver-Julesburg Basin, the Wattenberg field has five formations: J Sandstone, Codell
Sandstone, Niobrara Formation, Hygiene Sandstone and Terry Sandstone [62]. By August
2011, there were over 18,000 active wells in Wattenberg field with approximately 7,700
operated by Noble Energy [63]. Figure 3.1 shows the locations of Noble wells in Wattenberg

field in Colorado.
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Figure 3.1. Location of Noble oil and gas wells in the Wattenberg field of Colorado

3.2.2. Methods and data collection
Based on the different types of oil and gas wells, separate methods of analysis were

performed to study life-cycle water production trends of vertical and horizontal wells.

a. Methods and data collection for vertical oil and gas wells

For vertical wells, annual water production data for a sample of 1,677 Noble Energy wells
from 1999 to 2011 was obtained from the Colorado Oil and Gas Conservation Commission
(COGCC) database. According to the dates of completion and first production, new wells in

each year were selected for this study as shown in Table 3.1.
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The selected wells were then classified according to well age to study the water

production trend for 13 years. This subset of Noble Energy wells was used to make water

production predictions for the 30 year life-cycle of vertical wells in the Wattenberg field, a

timeframe that was chosen to represent the maximum well life.

Table 3.1. New wells from 1999 to 2011 and number of wells in each operating year

Year New wells Years _|n Number of wells
Operation
1999 6 1 1677
2000 10 2 1494
2001 29 3 1324
2002 28 4 1140
2003 65 5 807
2004 105 6 535
2005 131 7 374
2006 161 8 243
2007 227 9 138
2008 333 10 73
2009 184 11 45
2010 170 12 16
2011 183 13 6

b. Methods and data collection for horizontal oil and gas wells

Since the drilling of horizontal wells is relatively new (first started in 2010 in Wattenberg)

and since there are currently only approximately 200 horizontal wells for Noble Energy in

the Wattenberg field, a sample of 32 Noble Energy horizontal wells were studied. Daily frac

flowback and produced water data were acquired from Noble Energy. Based on the existing

frac flowback and produced water data, predictions of water production for the 30 year life-

cycle of horizontal wells in the Wattenberg field were made.
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3.3. Data analysis and protocol

3.3.1. Protocol for vertical well predictions of produced water

The protocol for vertical wells is based on both frac flowback and produced water data.
Total water production in each operating year was summed for the chosen subset of vertical
wells and the average number of producing days in each operating year was calculated based
on the distribution of existing Noble Energy data (Table 3.2). Average daily water production
per well was computed from operating years 1 to 13 and annual water production was
calculated by multiplying average daily water production with the average number of
producing days. High water flow rates were observed in the first year of operation because of
the intrinsic frac flowback period (typically 1 to 2 days of high volume water production)
included in that year. Based on the results of these calculations, predictions of water

production for future years were made to an assumed well life-cycle of 30 years.

Table 3.2. Distribution of producing days for each operating year

Operating Year Average Producing Days
1 162
2 337
3 339
4 342
5 342
6 348
7 354
8 346
9 350
10 339
11 322
12 339
13 333
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For the first operating year, all wells were not started at the beginning of the year; hence
the average production period is 162 days (less than half of the production days in the
following years). Based on the existing 13 years of water production data, an exponential
decline curve was applied to the water production trend for predicting future water
generation (Q=Ae™). An exponential decline curve was chosen for this subset of wells
because it best fits the behavior of vertical water production in the Wattenberg field.
However, some fields with more connate water will have a different best-fit curve. The type
of curve chosen as a foundation may change, but the protocol should yield a consistent
outcome. Based on the average value of A and k (rate constant) from all 1,677 vertical wells
(Appendix A, Table A.1), and the days of production from Table 3.2, the equation of water

production rate is:
Q=1.981eM  (R?=0.5336) 1)

Equation 1 shows the average water production rate from vertical wells in Wattenberg
Field. However, from the water production data, it is known that the water production varies
throughout the Wattenberg field. In order to understand the relationship between the spatial
location of wells and the decay rate constant, an ArcGIS map was interpolated based on the
decay rate constant (k value) of each vertical well as shown in Figure 3.2. Based on the
interpolated GIS map of k values shown in Figure 3.2, the average k value for a selected
subset of the Wattenberg field can be calculated in ArcGIS. An example of using ArcGIS to

calculate average k value for a particular case study is described later in the paper.
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Figure 3.2. Interpolated k values of Noble Energy vertical oil and gas wells in Wattenberg field

In Figure 3.2, the k (decay rate) of water production from vertical wells varies from 0.023
(half-life of 30.14 years) in the southwest to 3.58 (half-life of 0.19 years) in the northeast of
the Wattenberg field. The reason for the large variation in k or half-life may be due to
geologic formation differences that can be studied in the future. Additionally, the newer a
well is, the less water production data are available. This may lead to a higher k and shorter
half-life prediction. It is also observed that the k value is not homogeneous, as shown by the

dark blue pockets in light green areas. Therefore, to adequately determine the proper k value,
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a spatial area must be defined. In Equation 1, the k value was defined as the average k across

the 1,677 vertical wells.

3.3.2. Protocol for horizontal well predictions of frac flowback and produced water
Unlike vertical wells, horizontal wells use more water for drilling and fracturing, while
having longer frac flowback periods that last up to two months. The protocol for horizontal
wells is based on both frac flowback and produced water data. However, since there are only
about 200 horizontal wells in the Wattenberg field, all of which were completed after 2010, a
sample of 32 horizontal wells from Noble Energy was chosen for the estimation of water

production rates.

When production data are plotted by years in operation, it is seen that the water production
decline rate is different for frac flowback and produced water. Therefore distinct rate models
need to be developed. To distinguish flowback from produced water, two methods of
analysis were performed on the data of the 32 horizontal wells. Raw data analysis uses the
flowback report from Noble Energy as the flowback period and the day after the period as the
first day of produced water generation. Another approach, the modified data analysis, uses
the intersection point of first order decay trend lines of flowback and produced water curves

as the first day of produced water generation. Both methods can be seen in Figure 3.3.
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Figure 3.3. Comparison of two methods (raw and modified data analysis) of
example horizontal well 70 Ranch BB21-65HN

Using the raw data analysis, it was found that the average flowback time for a horizontal
well was 27 days. However, it was also found that the average horizontal well did not
produce until the 74th day. This can be due to waiting for production equipment, waiting for
midstream infrastructure, or waiting for other wells on the pad to be completed. Hence, a
total flowback time is defined as the time after a well is completed till just before a well
produces and the flowback period for the average horizontal well in Wattenberg is assumed
to be 74 days from the raw data analysis. And from the modified analysis the average frac
flowback period for horizontal wells in Wattenberg field is assumed to be 61 days. . After
analyzing the frac flowback and produced water production curves for the 32 wells based on
the modified analysis method, the average curve was plotted and a prediction of future water
production was made. For frac flowback water, exponential decay function was used to
calculate the water production rate. Based on the average A;and k; for all 32 horizontal wells,

the equation of frac flowback water production for horizontal wells in the first 61 days is:
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Q=264.4¢7%"  (R*=0.7869) (2)

However for produced water, production rate was modeled with harmonic function for
peak flow condition. The equation of harmonic decay is: Q = ﬁ , iInwhich C is the initial

water production rate and a is the initial decay rate. After applying harmonic function to each
horizontal well, the average C and a value of 32 wells was calculated and the equation of

produced water production for horizontal wells is:

0= 88.8638
T 140.04469t

(R?=0.7379) 3)

The average number of production days in each operating year used in the analysis is the
same as the vertical wells, and for the 162 days in the first operating year, there are assumed

to be 61 days of frac flowback and 101 days of produced water production.

Again, ArcGIS interpolated maps are used to estimate the spatially-defined k; value (frac
flowback decay rate constant) in Equation 2 and a value (produced water decay rate constant)
in Equation 3. Figure 3.4 shows how k; and a for horizontal wells differ spatially throughout
the Wattenberg field. Like the decay rate of vertical wells (k), the distribution of k; and a are
not homogeneous. Therefore, in the analysis of all horizontal wells in the Wattenberg field,
an average k; value of 0.043 (half-life of 16.12 days) and average a value of 0.04469 (half-

life of 15.51 years) was used. The average is depicted in Equations 2 and 3.
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Figure 3.4. k; and a of horizontal oil and gas wells in the Wattenberg field

Based on Equation 1, 2 and 3, averaged water production curves of horizontal and vertical
wells in the Wattenberg field are shown in Figure 3.5. With more fracturing water use and
longer frac flowback time, horizontal wells have higher water production rate than vertical
wells. Also shown in Figure 3.5, horizontal wells have faster decay in the first year of

operation because of the large volume of frac flowback generated in the first year.
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3.4. Development of Excel-based tool for predicting frac flowback and

produced water volumes from the Wattenberg oil and gas field

3.4.1. Introduction of the tool

After combining the protocols of vertical and horizontal wells, an Excel-based tool was
developed to predict frac flowback and produced water volumes for existing wells in the
Wattenberg field. This was achieved through the development of the water production
curves, based on current well counts and historical production data. As seen from the
Wattenberg vertical and horizontal well models, water production prediction models can be

fitted with a single curve or with multiple curves

The developed Excel-based tool can also be used to predict water production for future
proposed development from given oil and gas field (or other spatially defined area) based on
the historical data. In order to perform the calculation, the required historical data includes
the number of existing wells, the type of these wells, and the associated production dates and
volumes in the given area so that the years of operation of each well can be determined. Once
curves are developed from existing wells in the area, the models can be applied to future

annual drilling and fracturing in terms of yearly wells planned.

Prediction of total water production in future years is calculated after inputting the planned
new wells and their types for each year, and by summing water produced from both existing

wells and proposed wells.
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Inputs and outputs of the tool

The tool, based on the model developed with spatially-relevant historical data, has two

major inputs: the number of new vertical wells and the number of new horizontal wells for

each future year. Because the water production rate changes with the length of wellbore, and

all historical Noble wells were relatively homogeneous with the length of 4,500 feet, new

wells are all considered as or equivalent to 4,500 feet long. The output of the tool is the

predicted water production in each future year for the defined area. Figure 3.6 shows the

screen shot of the Excel tool (Available on the CEWC (Colorado Energy Water Consortium)

website).

Wattenberg Field Wells Total Water Production Prediction

Input Output 600 .
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Figure 3.6. Screen shot of the Excel tool with inputs and outputs
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Method of prediction

From the described protocols, using historical water production data, area-specific water
production equations can be determined. These equations can be used to model the future
water production of existing wells. Additionally, the equations can be used to forecast water
production for future, proposed wells within the defined boundaries. By default, a prediction
of water produced from existing wells is made based on no new wells in future years.
However, the effect of future wells on water production can be determined by inputting the

planned number of each type of new wells into the developed tool.

In Figure 3.6, the tool depicts a Wattenberg-wide water prediction analysis where
historical well counts for each year and associated water production were obtained from
COGCC (pre 2009) and Noble Energy (after 2010). Example future well development was
input for years of 2012 through 2014 to include 200 new vertical wells and 100 new
horizontal wells annually in the defined area. These future development plans do not reflect
Noble Energy’s true well development forecasts for the Wattenberg field. Figure 3.7 shows
how future water production is affected by existing wells and proposed wells. It is seen that
water production will continue to increase along with well development but after drilling
stops, water production starts to drop. Additionally, Figure 3.7 depicts the default prediction
of the tool where no new wells are drilled and completed. In this example, water production

drops off drastically in the first few years and then settles into a gentler decay.
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Figure 3.7. Description of method for predicting future total water production

Assumptions

Due to the complexity of the historical data, several assumptions were made during the

development of the tool:

a. Though there are more than 7,000 Noble Energy vertical wells in Wattenberg
field, only 1,677 vertical wells have available timeline information such as
drilling dates and first production dates. Therefore, these 1,677 wells were
chosen as a subset to develop the water production curves. This subset will affect

assumptions drawn about field-wide production curves.

b. Water production changes with the length of wellbore, since all historical wells
from Noble have been relatively homogeneous with the wellbore length of 4,500

feet, all new wells are considered equivalent to 4,500 feet long.
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c. When a well is plugged and abandoned, it is assumed to have been operated for
greater than 10 years so that it produced very little water. Additionally, only
around 10 to 20 wells are plugged and abandoned in each year. Hence, the
impact from plugged and abandoned wells on total water production in that year

was assumed negligible.

d. Refractured wells are considered to behave similar to newly completed wells.

This assumption will be verified in future work.
e. Future wells are assumed to behave the same as historical wells.

3.4.2. Uncertainty analysis
Water production trends of vertical wells, as well as frac flowback water production trends
of horizontal wells in the Wattenberg field, were all fitted with an exponential decay function

of the form Q=A-¢™ and produced water production trends of horizontal wells were fitted
with a harmonic decay function of the form Q = ﬁ For the developed tool, average values

of A, k, C and a for all Wattenberg field wells studied were used. However, Figures 3.2 and
3.5 both show significant variability in k, k1, and a. Another variables, A and C, also will
have variability from well to well. Therefore, uncertainty analyses were performed for all

parameters.

For all 1,677 vertical wells, the water production decline trend for each well was analyzed
and fitted to an exponential decay function. Since 438 of the vertical wells had limited water
production data and another 113 wells did not fit the decay function, only 1,126 k values
were used in the uncertainty analysis. A smaller subset of 153 wells was chosen randomly

for evaluation of A variability. The normal distribution of k and A is shown in Figure 3.8.
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Figure 3.8. Distribution of k and A for vertical wells

flowback and produced water, four variables (A; and k; for flowback and C and a for

produced water) were analyzed for uncertainty using the same statistical method. Figure 3.9

shows the distribution of ki, A;, C and a values of horizontal wells.
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Figure 3.9. Distribution of ki, A;, C and a for horizontal wells
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Assuming the parameter values for both vertical and horizontal wells are normally
distributed, the z score for 95% confidence interval is 1.645 and the calculated statistical

values are shown in Table 3.3.

Table 3.3. Uncertainty analysis and acceptable range of variables

k A K1 A C a
u 0.1613 1981 0.0434 264.4 88.8638  0.0447
c 0.0033 0.141  0.0040 19.4 324282 0.0212

u-1.645¢ | 0.1558 1.748  0.0366 232.3 35,5194 0.0098
u+l.645¢ | 0.1669 2.214  0.0499 296.5 142.208 0.0796

3.5. Case study of Noble wells in Wattenberg field

A case study to estimate total water production for all Noble Energy wells from 2012 to
2017 in Wattenberg field was conducted using the developed Excel-based tool. Historical
total water production and well count data was acquired for all Noble wells in Wattenberg
Field each year from 1999 to 2011. Data from 1999 to 2009 were extracted from the COGCC
website database, and the data for 2010 and 2011 was taken directly from the Noble Energy

Carte® database.

By the end of 2011, a total of 7,486 wells from Noble Energy were producing in the
Wattenberg field. Overall, there were 7,371 vertical wells and 115 horizontal wells. Each of
these wells was modeled with the appropriate Wattenberg-average decay functions
(Equations 1, 2, and 3) and their specific well age. All water production from existing wells

in the Wattenberg field was projected out to 2017.
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After applying the tool to all existing wells in the Wattenberg field, a development
assumption was made where 100 new horizontal wells and 200 new vertical wells would be
drilled and completed each year from 2012 to 2017. For each of these proposed wells, the
appropriate water production model was also applied using the tool. This assumption of well
development is used to demonstrate the planning capabilities of the tool if a company would

like to know how their new well plans will affect future water production.

The additive predicted volume of water production from both existing and proposed wells
from 2012 to 2017 is shown in Figure 3.10. Additionally, the case where no new wells are
drilled is shown in Figure 3.10. Finally, the 95% confidence interval for both cases is also
shown in Figure 3.10. The 95% or 2c confidence interval is calculated using values from
Table 3.3. For the high limit of the 95% confidence interval, the biggest A and smallest k
value was used in the calculation. This means the water production curve has the biggest
initial flow rate and slowest decay rate. For the lower limit of the 95% confidence interval,

the smallest A and biggest k value was used in the model.
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Figure 3.10. Total water production prediction of all Noble wells
in the Wattenberg field from 2012 to 2017

From Figure 3.10, a few observations can be drawn. A large jump in water production is
seen in 2010. This is due to the introduction of horizontal wells. From the prediction made by
the tool, it is also clear that water production will decrease from 2012 to 2015. From 2016 to
2017 the total water production increases again to around 3.5 million bbls. Though there are
new wells being drilled each year from 2012 to 2015, total water production in Wattenberg
field actually decreased due to the large number of new wells from 2009 to 2011. This shows
that from 2012 to 2015, total water production in the Wattenberg field is strongly affected by
the wells drilled in 2010 and 2011 (total of 1,415 vertical and 115 horizontal) rather than the
new wells from 2012 to 2015 (200 vertical and 100 horizontal each year). Total water

production increases again in 2016 and 2017 when new wells in each year provide greater
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influence than the existing wells. If no new wells are drilled, water production is seen to drop
from approximately 3 million bbls in 2011 to about 1 million bbls in 2017. This is expected
since without new wells, the water production trend would revert to the produced water rate

after 2011, as seen in Figure 3.5.

3.6. Case study of selected Noble wells in northeast Wattenberg field

In the previous case study estimating water production for all 7,486 Noble wells in the
Wattenberg field, the k values for both vertical and horizontal wells were average values for
the whole field. However, according to Figures 3.2 and 3.5, k values vary spatially
throughout the Wattenberg field. To make a more precise water production prediction, a
smaller area can be chosen where the k value is more tailored. Therefore in order to
understand the water produced in a smaller geographic area, a case study of selected wells in
the northeast Wattenberg field was conducted using both the predictive k value tool in
ArcGIS and the estimated water production tool in Excel. The selection of wells is shown in

Figure 3.11.
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Figure 3.11. Selection of wells in northeast Wattenberg field

From the GIS attribute table of the selected region, 568 vertical and 12 horizontal wells
were analyzed, and the average k values for both types of wells were computed in ArcGIS, as

shown in Figure 3.12 and Figure 3.13.
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Figure 3.12. Distribution of k value of selected vertical wells in ArcGIS
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Figure 3.13. Distribution of k; and a values of selected horizontal wells in ArcGIS
After applying the computed, spatially relevant k, k; and a into Equations 1, 2, and 3, the
water production functions for wells in the selected area of the Wattenberg field were
modified from the averaged equations. And for the selected wells, the average value of A, A;
and C was 2.003, 259.9 and 142.995 respectively. As a result, the equation for predicting

vertical well water production for the selected area is:

Q=2.003¢*""  (R?*=0.8073) (4)
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The equation for predicting horizontal well frac flowback water production for the

selected area is:

Q=259.9¢0%%  (R?=0.7849) (5)
The equation for horizontal well produced water production for the selected area is:

0= 142.995
T 140.07583t

(R?=0.8022) (6)

Water production for selected vertical and horizontal wells was calculated using the
Excel-based tool. Figure 3.14 and Figure 3.15 show the comparison of water production
trends for both vertical and horizontal wells between Wattenberg field-average k value and

area-specific k values from selected wells in northeast Wattenberg Field.
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Figure 3.14. Comparison of water production trends between all vertical wells and
selected vertical wells in northeast Wattenberg Field
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Fig. 3.15. Comparison of water production trends between all horizontal wells and
selected horizontal wells in northeast Wattenberg field

In this case study, the difference in k, ki, and a values for a chosen subset area (northeast
part) of the Wattenberg field is compared to the entire field model. Different k, k;, and a
values result in different equations for both vertical and horizontal wells when predicting the
water production. As shown in Figures 3.14 and 3.15, the model used for predictions of the
well subset is different from the one of the whole Wattenberg field. It may be more accurate
at predicting subset water production than applying the field-wide model. This case study
shows the value of applying ArcGIS with the Excel tool to predict water production based on

spatial locations.
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3.7. Conclusion

Water usage in oil and gas development has been discussed at great length. However, it is
known that oil and gas wells have the potential to produce and return water to the hydrologic
cycle. Understanding these return flows is essential to understanding the complete water
cycle associated with oil and gas development. Additionally, understanding these return

flows can aid in treatment efforts that bring produced water back to beneficial uses.

This paper describes a simple tool for predicting total water production from existing and
future oil and gas wells. While the tool is developed for the Wattenberg field in this paper,
the case study of northeast Wattenberg demonstrates the tool’s ability to be tailored to other
areas by altering the functions. In the case of the Wattenberg field, the curves chosen are a
first order decay function. It was determined that a single first order decay function was
sufficient at modeling vertical well water production and two separate decay functions were
required for predicting flowback and produced water from horizontal wells. Additionally, it
was observed that decay rates vary drastically over a given area. Hence, to accurately
forecast water production, a keen knowledge of historical decay rates and a defined project

boundary are required.

From the first case study of all Noble wells in the Wattenberg field, it is clear that an
increased total volume of produced water should be expected in the future with the expanded
reliance on horizontal wells. Additionally, it is seen how proposed future development affects
water production. As industry moves toward greater reliance on horizontal wells, water
production will increase. From the second case study of the northeast Wattenberg field, it is
seen that a tighter boundary can positively affect the accuracy of the decay rate. Therefore,

choosing smaller project areas will increase the accuracy of the water production forecast.
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While work can be done to minimize the effects of assumptions and historical data can be
improved, ArcGIS and Excel tools can be built with models based on historical data to
predict future water production for existing and proposed oil and gas wells. This knowledge
of how current and future oil and gas development will affect water production in a field can
be used to aid in decision making surrounding water treatment, disposal, transportation, and

the efficacy of pursuing development in a given field.
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Chapter 4. Case study on wells in Wells Ranch region, Wattenberg

4.1. Water production prediction of wells in Wells Ranch region

Another case study was performed in the Wells Ranch Region in northeast Wattenberg
Field. Figure 4.1 shows the location and the studied wells in the Wells Ranch play in
Wattenberg Field. A centralized water supply and wastewater treatment facility was
considered to be built, and according to the database of Noble Energy, there are 283 vertical
wells and 28 horizontal wells in this area. These wells were classified according to the year

of the flowback report and Table 4.1 shows the number of new wells in each year.

Referred wells in Wells Ranch Region
in Wattenberg field

Legend

e  Wells in Wells Ranch Region

w
. o L Imi
Wattenberg Field 0o 1 2 4 6 aM"eS

Figure 4.1: Location of wells ranch region and referred wells in Wattenberg Field
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Table 4.1: Number of new wells in each year in Wells Ranch Region

Year  New vertical well ~ New horizontal well
2007 14 0
2008 83 0
2009 60 0
2010 37 5
2011 26 6
2012 63 17

Daily water production for each of these 311 wells was obtained from Noble Energy and
due to the limited data for horizontal wells, only 15 flowback reports for horizontal wells
were available from Noble Energy. Water production trends for vertical and horizontal wells

were modeled all with exponential decay function.

In order to calculate the water production rate for these wells, production curves were
made for each of these wells. Because among the 283 vertical wells, 61 wells have only one
year of production data, data from 222 vertical wells were fitted to an exponential decline
curve in water production and their A and k values were used to determine the vertical wells
production rate. For the 15 horizontal wells with sufficient data sets, both frac flowback and

produced water production curves were plotted.

Based on the average A and k values from 222 vertical wells, the water production rate for

vertical wells in the Wells Ranch region is:
Q=5.189¢#*"  (R?*=0.8356) (7)

And based on the average A1, Ay, ki and k; values from 15 horizontal wells, frac flowback

water production rate for horizontal wells in this region is:

Q=1773.45¢%19%"  (R?=0.7236) (8)
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And the produced water flow rate for horizontal wells in this region is:
Q=0.6731e0%%  (R?=0.8418) (9)

In Eq. (7), (8) and (9), the average value of A, k, Az, ki1, A and k, were used for the
prediction of water production. In order to understand the reliability of these equations, an
uncertainty analysis for these wells was performed. Figure 4.2 and 4.3 show the normal

distribution of these variables.
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Figure 4.2: Distribution of k, k; and k, of wells in wells ranch region
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Figure 4.3: Distribution of A, A; and A, of wells in wells ranch region

Figure 4.4 shows a comparison of k values from all vertical wells (A) and 222 Wells
Ranch vertical wells (B). Better resolution of k values is seen in the map B because more k

values were used in map B compared to map A with only 66 k values.
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Figure 4.4: (A) Map of k values interpolated from 1,667 vertical wells in Wattenberg field
(B) Map of k values interpolated from 222 wells ranch vertical wells

Table 4.2: Uncertainty analysis and acceptable range of variables

k A k1 A1 k2 A2
y7i 0.2747 5.189 0.1946 177345 0.0082 0.6731
o 0.0099 0.564 0.0584 644.65 0.0017 0.2811

u-1.645¢ | 0.258 4.261 0.099 713.001 0.005 0.211

u+l.645¢ | 0.291 6.117 0.291 2833.9 0.011 1.136
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Figure 4.5 and 4.6 show the production trends of vertical and horizontal well with 95%

confidence intervals.
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Figure 4.5. Water production trend of vertical well in wells ranch region
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Figure 4.6. Water production trend of horizontal well in wells ranch region
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Compared to the case study conducted in chapter 3 with selected wells in northeast
Wattenberg field, this case study is more specific and focused on the Wells Ranch area,
where Noble Energy is planning future development. This specific case study provides more
precise water production trends of wells in Wells Ranch region compared to the results from
average values of Wattenberg field. When predicting future water production in this region,

more accurate computation will be available by using the Equations (7), (8) and (9).

Figure 4.7 shows the predicted water production from all wells in the Wells Ranch area
with 50 vertical and 30 horizontal new wells drilled each year from 2012 to 2017. The
assumption of well development is used to demonstrate the planning capabilities of the tool if
a user would like to know how their new well plans will affect future water production.
Because it is assumed that 30 new horizontal wells are drilled in 2012 compared to 6 in 2011,
the water production increases rapidly. And since the number of new wells after 2012 stays
constant, the predicted water production increases more consistently. On the other hand, if
there are no new wells drilled after 2011, water production drops quickly from 400,000 to

70,000 bbl/year.
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Figure 4.7. Total water production prediction of all wells in Wells Ranch Region
from 2012 to 2017

4.2. Comparison of exponential and harmonic functions

In chapter 3 and 4, production of horizontal wells was fitted with exponential decline
curves, however it may underestimate the volume of produced water since the exponential
function is a form of Arps equation when b=0. When designing wastewater treatment
facilities, it is essential to know the peak flow rate and in this case, exponential decline may
not be the best function for predicting water production. Therefore, a comparison of
exponential and harmonic functions was conducted on production predictions in the Wells

Ranch area.
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When b=1, the Arps equation is referred to as a harmonic decline with the equation of

= ﬁ . After fitting the produced water data of 15 Wells Ranch wells with harmonic

decline, the produced water production trend is:

0 = 97.307
T 140.022t

(R?=0.7273) (10)
The comparison of exponential and harmonic functions is shown in Figure 4.8. When
using an exponential function, the water production rate decays quickly from 85 bbl/day/well
in the first year to 2.9 bbl/day/well in the third year. For the same decline rate constant (Di),
the production rate decreases from 69 to 52 in the first three years assuming a harmonic
function. Therefore the exponential function is considered as the aggressive decline and the

harmonic function is considered as the conservative decline.
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Figure 4.8. Comparison of exponential and harmonic decline of produced water production
from 15 horizontal wells in Wells Ranch region in Wattenberg field, Colorado

Figure 4.8 shows a huge difference in water production between two different functions,
and because the initial flow rates were different from two functions, the two water production

curves in Figure 4.8 don’t start from the same point. As a result, produced water flow rate
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varies a lot with different fitting functions. Because there is only one year of data available
for these 15 horizontal wells, it is not possible to determine the true long term decline trend
and therefore an assumption needs to be made. In this case, it is recommended that

wastewater treatment facilities be designed based on conservative decline assumptions and

therefore it is recommended that a harmonic function be used.

66



Chapter 5. Conclusions

A study of water production from oil and gas wells in Wattenberg field was performed and
Arps equation can be used for modeling produced water flow rate for both vertical and horizontal
well. In this study, the water production rate was modeled with exponential decline which has
the most aggressive decay when b=0 in the Arps equation. Limitations of the approach occurred
because of the limited production data of horizontal wells and the use of average k values, even
though there is considerable spatial variability as shown in Figure 3.2 and 3.4. The case study on
Wells Ranch wells showed significant difference in the water production rate between
exponential (b=0) and harmonic (b=1) functions, indicating that the exponential function may
not be the best approach for predicting produced water production because it may underestimate

the volume of produced water.

This study described a framework which can be used when trying to understand water
production trends from oil and gas wells. In the future, more data will be collected and Arps
equations with various b values will be studied to find out the best fitting function for water
production. At the same time, in order to better understand the relationship between k values and
spatial locations, a web based, user friendly GIS application will be developed using ArcGIS so
that the prediction can be made based on the chosen area rather than the average value from the
entire field. Finally water quality data will also be integrated into the application so it can

provide a reference for users to design treatment facilities for water recycling.
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Appendix A. Method details

A.1. Vertical well water production data collection and analysis

There are two major sources for historical water production data of oil and gas wells in
Wattenberg field. COGCC has yearly reports of all producing wells in each year in Colorado
State, including oil, gas and water production data. Due to the limited access to all information of
these wells, a sample of 1,677 vertical and 32 horizontal wells is chosen. Several filtration
methods were applied to the COGCC reports to select the sample: All sample wells should be in
Wattenberg field, and have all information including completion date, first production date,
operation status and well type. The completion dates and first production dates are used in this
study to determine well ages, and only wells that are producing were selected in this sample.
There are totally 13 yearly reports of all wells in Colorado, after applying the filtration methods

to all of these reports, 1,677 vertical wells with needed information were chosen for analysis.

Another source of data collection is the Carte® system of Noble Energy Incorporation.
However there is not any information about completion and first production date in the system,
only frac flowback data report of vertical wells were acquired from Noble Energy. After
comparing flowback water with produced water of vertical wells in Wattenberg, it is necessary to
neglect water produced during flowback period since it is so short (usually less than 1 to 2 days).
Therefore, only produced water data from COGCC database was used for the analysis of water

production trend of vertical wells in Wattenberg field.

The analysis is based on the average value of water production and producing days. From
the COGCC data, average producing days were calculated (see Table 3.2) and depending on the

well age, all these wells were classified from well age 1 to 13 (see Table 3.1). By summing up
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total water produced from all wells of the same well age and divided by total number of wells of
the same well age, the average water production rate (bbl/well/year) was computed. And the
daily water production rate is calculated from the yearly rate divided by average producing days

in each year.

After plotting the daily water production in each operating year with time, the water
production trend curve of vertical well is made. As shown in Eq. (1), the curve was fitted into
exponential decay. The average decay rate for the entire Wattenberg field is 0.112 year™ and in
order to study the relationship between decay rate k and spatial location of wells, k value for each
vertical well of 1,677 well samples was computed. And there are only 1,230 k values calculated
from the sample, for the other 447 wells k value was not able to compute either because of the
curve was not exponential decay or there was only one value (wells in 2011). All data and

calculation results of vertical wells are shown in Table A.1 and A.2.

A.2. Horizontal well water production data collection and analysis

Unlike vertical wells, there was no horizontal well before 2010 so yearly water production
data from COGCC cannot be used for analyzing water production trend for horizontal wells.
Also because of long frac flowback period of horizontal wells, it is essential to study both frac

flowback and produced water production trend.

All the analysis of horizontal wells in this research was based on water production data
from Noble Energy Carte® system, including both hourly frac flowback report and daily
produced water data. Only 32 wells’ production data was acquired so only a sample of 32
horizontal wells was studied in this research. New report for each well was made by converting

frac flowback data into daily data and combining them with produced water data. Frac flowback
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water curves were fitted into exponential decay and produced water curves were fitted into
harmonic decay and k; and a values were calculated and these calculations were all made from
the modified data analysis method for horizontal wells (Figure 3.3). All calculation results of
horizontal wells are shown in Table A.3. After Calculating k; and a value for each well, curves
were plotted for each k value of every well, and based on the 64 curves (32 for k; and 32 for a)
the average curve (Eq.(2) and (3)) was made to represent the water production trend of all

horizontal wells.

A.3. 30-year water production rate for vertical and horizontal wells

For both vertical and horizontal well, a life time (30 year) of water production rate was
predicted for use by the developed Excel based tool. According to Eqg. (1), (2) and (3), daily
water production for both types of wells and predicted yearly volume of water production is

shown in Table A.4 and A.5.

77



S
sw30.
swas
swsT
SNR
swoL
sw0e.
smva
ST
T8
sm3
sTeY.
smes.
sTer
sT52R.
stee.
TSR3,
T3¢
sBas
SIS
51503,
smRE
sme.
S8
sTR3
ST
SN2
sTHE
sT80
SIS

VoS30
“0TSSEEN
4043555

LRSIy

DB20OSM

DeEI00IM

n o
s o
®e T
am T35
sep 103

se o
52 seo
]
FURNETTS
o1 s

S0 e

an mee

-5 o
m s
2 eee

300 o

o8 o

see  sv

se2 208

E

323 s05¢

a8y

e

508

53y

Eiy

say

20

ENy

550 5
we  ®d
S5 S
593 o
B2 SB
sa ave
EN ]
S0 me
®me B3
E)
sis w3
s e
Ss8 6
sse ee
si3 sm
we  me
wee By
B )
s ma
s93 ser
sse  sor
we 8
58 mo
sia 33
ses see
sse se
Sva wise
s’ w3
w28 o
ST T
58 ®
se o
ee o
930 ®
Bs o
2 o
593 o
si2 se
s e
s me
s2 sy
s oe
S92 o
S5 aw
593 o
s ®
si3 A
53 88
ee e
s s93
S5 ee
s sov
s s
sia ea
sv3 s00
I
sv2 s
e ese
B WSS
v W
e ®o
S92 ®
8o a1
S5 me
3 o
BT mR
595 S0
s T
B
s ee0
38 B
593 o
S92 o
s0a  s08
E ]
we 80
si3 3
sia es
vy see
si3 oe
s me
sis me
S0 ee
B2 D8
95 o
558 W8
xe m
593 e
s w3
<02 o
593 2
S92 e
93 ®
o o
st W
si3 se
S5 2o
S5 er
s 30
sar s
93 o
se1 s
3 o
3 o
I
339 er a0t
s W ey
see  er )
339 - w22y
s w 3308
2 am w10
ETON ]
339 o0 80y
E= o Taes
sy s
e ®o
38 S¢ A40¢ omaT
sie  gee  soer T3S
2 RO ST 0Wse

330 WM S0edy  2asw

Dy
5D39 | Mb3d | bDOO | MbOO| BDOT | MbOT | 6DOS | MBOS | bDO3 | MbO3 | bDOY| MBOY | 5D02 | MBO2 [ 6D0E | MbO0E | 5DOS [ MBOS | 5D08 [ MBOB| D03 | MB0B | BDTO | MBTO] bi

DIT[MbIT[EE 33 EE 00[EE 0T

D8
Toe2
Teee

o0ts

se0a
STy

TeR

Tan
e
sen
oett

S22

Fe01

oze0
Tese
oost
s833

s3aT

85000

Ine
8
sasa
e

soea

538
o
so®3

s120

TET
590
B3
508
oose
0T
sTses.

oese

807

o3ty
oss
ol

Tiss

0333

ono
ose2

008

oour

0210

oeoa

0003

LEED
1538

o3m

o0
o®t
0330
oos2

own
oat3
o352
o3er
T3es
o3m
oooe
Sy
5318
o038
o2en
ot
oost
EE)

ove2
o
001

o321
ot

o0ts

o0

£ 03[EB Ov[EB 02| kB 0@ [EB 03 [EB 08[EB 03[EB TO[EB TT| K

S|19M [e21143A 3jdwres /79T JO UoI1e|ndfed anjeA ¥ pue elep uoionpoad 181epn TV 9|ge.L

78



6120
580
2o
sL00

svro

270
Taro
6620
2890
veso
oo
6600
sze0
50
9900
soro

7570
avzo
avo
8520
8160
620
o0
o
9020
1500
azo

8657
9000
oez0
sevo
ovsz
8620

LT
eee0
Teet

0620
)

ToE0
t2vo
9560
ez
g
aeo

sseT

seez

over

Vo
90
670

200

000

Toro

210

o0t

6200

0520
6ov0
260

seeT

Te0

6200

80zt

500

2020

wreo

e85z

szt

vero

6ao

are

V6oE
oo
oesE

voeze

soov

omrs
a0z
0055
es81Z
oas
oar's
ooz

aav

seee
a06€
saze

ossL

9T

osv's
nse

sszs

g

8TR33AEEACCARRE°

cococopoocodocos

@

a

©cc00gHE0000009000

85

MVESZE VL
MeBLE9 VL
Mezazs var
M6 vaL

NOL05E 07

Sevee
avee

sovzz
vovez
s6e2z
seezz

(uoD) TV 8|geL

79



OGE0S T
MeesES VL
Meges VoL
MZr09 ver
Moz66s vor
MeseLy v
Msezo v
M0296 VT
Ms6EPS VT
mevzsL v
ME0S8Y VeE
Meozes vor
Mez296' v
MpEoS v
Meszer v
6By VoL
MLESTE Ve
MosezL veoE
M v
M2068S bx
Mevoos var

Meeezs vor

MsL529 v

Mopeevor
Mz6068 vOE
Myzzss v
Mizeze v
MaLO vr
M90S veE
Mg9E0L bex
MzaLeo v
Meress v
Me6L86 v0T
Mmoeyze veE
MoL628 v
MOS8 ver
Moo por
Mmazso v
Moszog var
Mpssoy v
mesey v
Myzszs ver
Moy ver
Me8SS8 vox
Mzoe L8 v
Mestes v
Myavse v
MSS6S VT
mazes v
M60BLY veE
Mozess ver
MS06L b
) MogEs v
o MovLg v
585 v

TS0 Bev0 OE0 660 ZEL0 0690 RSt Z6ES O e 6@ @ oW S [0z S e e @ T8 &
YE0 1500 £vZ0 ATO  82v0  95v0 w €& 1. @z o e em e 6w ize 0 sz o o
BLO Y500 Z.00 LSO 9500 ¥BOO SWO 0900 @ ez we zee s ke 4 e ve ez ov 68z S B
8390 £A0  S60 8620 2620 0ZVO 5600 06 evz s  Eee ox o 08 vec va sz & O 0 L
eaz0 9590 99v0 8590 1670 o T e 1a za esc 6a 9% s WE 0 vz o 2z
1950 S0 85L0 9900 S8S0 2SO TS0 000S ez vev ess  OeL 8w OcL eev  2el  vie  OEL 20 vOL  SZE 9
050 A0 6500 €880 8090 SSBO 09T 609 2w Tz 1z ese 2% o0z zzz  see eee  Tee o ®E L% OF
8950 2800 0900 Z/Z0 (VO 96D viro 0z ez 0z vee 66 v oa e va  gE 0 e @ w
S50 TZEC  SYST ELO OWT  S.0v TV ezem 1S5 oz S oee 89z G9E 60y LSE  v@  90E Lzl 9O EVE 6T
BE00  vG67 TLCT  EOT 8980 0071  SGBT  SYEE ar  we vy s 06e 09 e 6ve SGv 2ot S99 186 ovs  ow
920 G880 06E  6vZ0 2850 9090 Z8ST 6199 2wz om e e S9e  mc 998 G 06 05 v9E  ba0  ba
vero 60 1500 89ET o ez o0 e 0 soe 0 ve 0 e m e om  s6
To00 000 /500 EED S0 6L€0 OO0 9K00 o ez &  vee 0. 2% .6 e er w06 66z S 0

6050 8600 220 640 550 9zvE o s @ ozz o0e %8 9L st 08 o e gec  £ev 1m0

L¥0 WO 12z OvED SELO 6610 OvSO  OL6Y v ez 8 soe 18 0% %9z coE Tez Y95 6@  OSE  Z6v 66
L6z0 W0 T0z0  e&0  z@wo 0800 o €z oy T oL eve 9 o ey 2 & s 0 e
1920 2601 6EEQ €567 6v80 2800 8SCT oz sc m sE 0 ove  sux  vee  aE S 0e S ca L6
varo ago  8vE0 1290 SLO  eveT 0z o stz el s o eee ez 956 19¢ 98 9y 98 8OV ST
L6V0 9020 LvL0 6vS0 82rO 1S90 €650  0OVO 00 oev s O0eL Siz  t0s  sez 969 vy  ceL ez zel 2 ss
0 1200 W00 MO 8820 9690 6250  @ET s wz L soe Oy 1t sX  vee 2S¢ 9c 6@  /Se  S& ew
€680 TEOT 6650 6.S0  LSEO 2090 E6lT 60z vec 00c Tez /T Eve TX ok £a  Sve @z vee  veZ 0%

2090 EYEO S8S0 B0F0 TZST  KOVO 2SO S8LO 2 @ 6% ex ca 18 zev O 6a  GE T4 9z 6T L
9S50 EELO SOVO 5170 OF0 2950 8290  BZET s% sz ve  Tee T Tee  vs o B S9E 92z 0% 0@ om
V00 MO0 2200 5200 0R00 200 9800  OWO v w8 e 6 se w9 6 se @ oo oz em

TEO 500 YEOO L6O 980T 8850 1290 9250 6 ez @ lse e GeE oz ewe  em vz 622 98 009 IS
8500 8620 9620 LL00 /SO0 8520 0800 1S oz sx s ez seE 0z s €6 0% 62 €9 0 2
MZ0  ©00 0EZ0 @S0 B0 E0ZI T0SP OO @ ez e zsc  om  eee o6z @se  6er  soe G 6se ez Te
950 9vE0 8100 8550 €200 zvE0  TrEC ve ez O sse o ez 6% www 0z w09 Oz 29 vy W
1950 6YZO [ZZ0 EOED EWPO OVSO 6080  L69T s e& 8 zoc 6@ 0% 2% 9% L6  S9E  g6e T9E v SO
TO  6@0 IO 500 00 06Z0 0T 1ze9 ov e 99  soe & BOE v 9% SO 29t 560 S9E 689 60K
V200  GEO TEO €0 0&0 0620 VOST 9259 ov  eve 99 S9E 65 e w99 SO 95 S0 S9E v WL
TE0 1O 2600 9E0  £a0 Lm0 s e& 6z ac e  ese o 2 92 0 60t 0 e
L0z0 oZ0 z0  Le0 1920 8200 o o @ i sz vz e sa 68 e 8 sez o o
9850 Z&0 TWO SX0 TeL0  z5v0 Lz zzz v see vs e U6 G a0 se 0 1
aro  6ero oo avo Teor eeet 469 o ose 0 980 @S  wov ez 2oL OEL 0L i26  OZL 986 th

@0 0690 060 Tozo uzr  Twm vo ez sz see e 2 0 vez 16 awe sy sse  Gve o
6000 TH0  LvZ0 EEO €2V E9VD SYSO  eEOT 66 oz 68 Toe ca g e% 2w  se LA S 9% T8

00E0 1170 9%0 €650 vivO 9O o o8y 0z Be. T&  OsL  eec  ceL Ove  ®L  @E  ORL 0O 90v
560 GH0 9900 1880 S5O0 S100 2690 2569 Sz l& v st 6w S & e & Tee o WE 80X sm
MPO  $00 TAO 8X0 OO 850 & ez 6 eee To €9 2o ve SO 66z 0 e o s

TO 0800 00Z0 z¥O 92T  bLL0 QT 290 0z Tez el sec o0& 0% 6wy 9 Lz  ese 05 Sve 98 ea
LE0 LT WST  66OT  8EE0 (YO  GBO  bEET 69z evz sy se  6ss 66 T@ @ oW 9se  zee  lvE  E0E &2
TOEO  EZO SO WO ZEZ0  W6ED 6z sec se  zee es 0% S9  osc e sz 0  TE 0 v
960 100 0900 08O 2970 ST T w e 0s w15 & 9 95 e o 9% o 1z
TOF0 690 1620 VZEO 2280 ELVO woowe v Ae @ te  m@  me 1@ &8 0 s o 3
2o &0 S0z0 8500 zzz £ & s S 1z S 0 we o st o soe oy L0z
1520 000 6200 OG0 €SO 620 I ez @ eee 69 vee 98 Uz el we 0 ac o oL
6520 9020 TL00 GO0 02£0 6% ov ez ez sz 1T 6 & 0s & a4 o o )

ScE0 GTO  vE0 1220 1820 To ez e 6z Ss  lse 89 8E 26 Tz 0 e o £
600 EB00 TZZO 620 9BEO  SELO  EO 0z oz 6 @ & 0% 6% 09 83§z S ez 0 o
BY0 1900 BvZ0 1920 ¥OZO mw0 Zv00 250 & v L me ve 0% S 0% vm  we w e S2 S
500 BEO TORO  EOVO 9850 Z2vO  LL0T i 66 99 156 68 19 oM 9 02 ESE @M 16 S22 607
5250 0/20 w0 Z&O0  OVZO (X0 05 s& S5 %€ e ove €0 ez 6oy €6z 0 ove o szz
850 GZO  BEZO LSO PYEQ 44D 2 za 1 eee es  ose ee 9z vs  aE 0 e o 0z
¥250 Y0 W0 z50  v2z0 SO0 v Tez  ee  sec es e /s vsz 05 %z 0 w0 szz
6620 £200 00 520 TTO oW s gz v ez 68 o Ssv e Ly £z 0 6z o [
S0z0 1500 S0 12z0 280 OVED 60D EV00 w Sz 6 ez BL  wE 99 e O v T vez B s
sv00 TOo  veE0 WZo %0 o ex & ew s . v 6 vs 1 0 sez o o5
TIO0  EWO 5120 8EO  esvO 0zz0 4 sz ey 10 L6 ese 66 ez oA 606 O s sy soz
a00 €/00  6/20 9¥50 0050 o @z w  ee e o er e v& s 0 we o oez
520 EWO  6LE0 MO 2201 2620 1 4z M ee es  lee sz 69z v @E 0 e o o
eero 8500 €520 0EVD  Sor0 o @ & a&s v ez M uz e wmE 0o s o 26z
S0 THZO 00 @O  L620 S8ZO 8 Tz v me  so  vse v 6vz 88 60E O vee o az
900 0200 ESTO 8260 @LO 1600 o €z @  zee oy e @ TWe oz e & 9 0 95
5200 0@ LSO 0920 9EVO 6O ve o0z @5  zee w6  Tor o9& 68z 6Gec T 0 @ o we
vao 8900 £200 o nz o Lz o we oz wez 9 vz o s o 25z
YESO 90 PA0 6260 10RO 9090 ZAT  O6LY 8 ez 29 lse e ese see 9% @ 096 e2r  ese  6d Lz
0O6vZ TSZT  BYEQ SEEO 2800 Tv90 12T 009 Tz ess zoe oa 29 e S 06 98 vee  S9E 18y 297
9800 £L00 PO 2920 8820  90L0 o vez e sec e o 8 9z &z G 0 me o oez

TEO 1600 EA0 6920 S2E0 SEO 22wz e L6 09 s Tez 19 o 0 sz o &
ZE¥0 1600 00 SE0  S9T0  Z&0 22wz Sy o 6 sz 06 m1 9 @e 0 & o sz
€0 6T0 60 620 TEO 8220 0&0 T oz ev  vee Tz 86 usc  EL 0z 68 WE 0O 60z
9500 ATO TEZO 9560 €SE0 6220 £600 Lz wz . wee @ eve 28 ez . 8z 06 & 0 s0z

0800 1800 1220 90Z0 28L0 €200 & ez Lz vee s, eee o5 ese e ez L 08 o o6
APt W0 2vS0 66YO SKET  pI9EE 90 HOGT 6z oy o8 AL €9e  BeL 286 OEL  viez 0. OEC  S89  Sv @
9220 £900 €0 020 92Z0  S9v0 & ez 15 vee e.  ese o5 @ oM ME 0 ose o szz
TOO  ZE20 6250 ZEWO £9ED 8500 SLO  SELT ss ez @ e9e  S¥ e e 998 Tz S9e 9%  @se  ov ST

99E0 6820 S0ZO 9520 SEO  LvED 68 ez .5 vee Er Oz Te 1@ 8 T8 SE  fE 0 soz
V200 9.20 68E0 120 EVO 80E0  65E0 va es mz  wL  vee oeL vz @  vaz 8z 82 &L 0 6
2zvo 520 ZVEQ Z5v0 E0OT  whZO 5201 o osv T @, eve . 9z G0 0w &L B4 OBL G958
020 S0 €800 8800 820 ZevO  eSC o osv sa  w. es  w. es  ls9  co¢ b0, &E  vel les Ty

TeLO YOO S0 8XO IO EO  9E00 sz ovz 2w vee To et s S8 vy zee & 0% 0 Tz
€650 E0  S8Z0 SBE0 OLL0 2690 2620 23 esr @0z 0L Tez  OeL  vss WL @y 9/ o4 zes 0 198
€50 vYrO 6620 €250 220T 950 [250  809T % &z 1@ e 0§ £t 695 98 20z  6Sc B [SE v 8T
e6e0 26800 6200 820 BEVO o oz o 6z sz e 6 se 68 se @ ez 0 s
B0 SGOE OVEQ TL00 s6v'0 oss ey s 4z sz o o 996 0 sz o 00 sw ae
9820 €000 2200 V60 o vz o st 1 e 2 e o 0% 0 we ez esz

SzsT o0 9g0  eere o 6z o e o soe sss ot 89 lve 95 @se  con  eee
ssv0 280 ozz0  soor me ez o soe o see 0 e 0 ose oec  see zee  me
20 ZS80 08SO L0 4SO Ls0 10z sz 6w cve se  va 08 Tee 0 soe o soc g0z zse
vI00 B0 040 020 S6SO TOPO TSL0  zevE 2. e va  oeL o9&  oeL zev  ez. 06z vz ®vs  OEL 2L vbp
@20 S600 OTO €800 S&0 TW00 IS0 5190 £z e oy soe oc  Tee oy S & S8 U5 2B L0z T

520 00Z0 €850 LISZ VOLE 6.6 o Wz ew  ave e S9 Zov 689 228 G 686 197  G9BC  E6T
o eezo  aeo ez W ex .o s 0 S8 0 az o 6z 0 eee Lo eiz
990 G650 9S50 0890 ZE2T SISO 890 WOEZ 09z oev 0r  OEL 09y 0L zee  veL B0v L 26y %L 95 89
60 b0 TzZO 99€0 660 GwO  ze6Z 6z evz 09 soc 08 29 v 99 X see wm  Ise 299 2z
Tzo  ewo voo  2s00 1090 so oz 69 see 0 soe 0 vee e o &  zee ex
6500 £690 @IT  BEL0 OTO  98Z0 ZSOT  LIZE va em  eee  lSe .%  Sw oy 26 68 TWE  £09 S O ISt
S600 EVZO TZED SZ0  69V0 020 65 ez .@  eee . B ow  mWe 8 e o 62 0 soz
€90 960 vezo 10£0 @ @ o o o o w0z e 6z o 6z o 99z
2950 1200 9600 1920 4Z0 9260 9200 s wz e wee 06 S8 8 wme  ex & 0 6 L vz
2060 9900 800 520 TOEO T8SO 00 & & s vez o8 Se ox 2 SO e S e o coz
Lm0 B0 90D 0020 AZO 2020 S.Z0 T &z e zee 2. 0% s9 908 9 Tee 6L 82 0 89z
B0E0  82Z0 SOZO 1520 S0 08ZO 60 6950 TS vez s, see Te  £oe e 99 06 Tee Sy 08 AU LG
9890 TeSO  GSE0 WST  @6T Gl  seem o 6tz 0@  See zs  Sm  v0s  gee  Ge9  cee  veez  S¢  6eR za
€m0 %00 0590 eazT w00 we see o esr 0L o6t v 0 e o ooe w e 2o Toz
9560 G850 98V0 €70 OX0 TOEO 1290  LBIT @ Az oz Te ke 65 sse  Sa  ove  %Z v Oke 6w
600 S000 £900 6251 BT SeSE 10 o ez 2 vee T we v oz zee IS oW e 8L 6L
TOE0  @ET  ea  LLEO Tev0 €150 £azv 98 ek 09 vec a 96z e 996 & Tec 60 € Ms 04
2250 0T S6E0 6950 9z£0 €D esz  evz za  vee eve 6t 66 vE 0 WE 0O s o ac
620 £SET TS0 1800 ZKZ0 090 Sy vz 0s  Tee 6z 0% %9 ez sM 2 0 o) ove
@E0  v/E0 S50 1290 E6E0 6100 O0SOT 2202 T6 ez e®  SoE  ocz v TM  6SE 62 96  6EE  £CE 995 6LZ
000 zwo sz 5120 sv60 B eec 0 Tee v e 0 sse 0 ove u6  ese Lz eer
9390 EVZO 8090 6VO 6O TEO 950 650 65 evc ez soe ew s ov 9% 9 TS @z eee 9w e

TOE0  SLOT  ve'v  BTO 020 9600 050 0L80 852 ove ogm e ev 9 66 9% & 9t @ S oL I8
650 0500 S6L0 T8O b0  L061 L00Z L2l 6ee ooy ssS 69 Tee S S5 9se €60 e 2ve  @ve 184 e
S0 1900 60 1050 OO KBE0 6000 ¥HZO o« ez v e 6w 2o o iz A  ®me ¢ ze e 10z

1590 £0BO 0T SEEE OEEO  0OCO v 0z 9z @t o  lee  sea  cse € @c T8 GE 0 £ o

9620 €970 6670 E2r0 OvLO SZOT  G6LT  8vSW 69 tec 6 Ese 6@ S ST GE Tsz  66c v  S9E 49 &E  I&
9520 B0 __9E00_6@0_OWO 080 980 __ 8vor _eav T 0z @ e ek t0z 69 e9e 25 uve 2 60E vz _me  sec
[ Tt ¥3]ot 4360 ¥3]80 ¥3[£0 ¥4] 90 ¥4 [S0 ¥3[vO ¥4 [€0 ¥3[20 ¥4[T0 ¥3]00 ¥4[66 ¥ [TTdM|[TTAd [0TdM[0TAd[60dM [600d [80dM [800d[20dM[£00d[90dM [900d [S0dM[S0ad[rodM [

s
¥00d [ €0dM [€00d[20dM [200d [TodM [T0ad[00dM [00ad [66dM [66ad |

NGVSTEDY
Ne6TBY oY
NS9S6V0Y.
NZveEs oy
NIBYSOY
NYSS0Z0Y

N6LSVYOY.

NGOLOE Y

NZv00S 07
NSS96v0Y.
N6E9GYOY.
NOvosYOY.
NSZEGY Oy
NS8.9007
Nowzsor
NIZ69E Y
NerGar oY

NYYESOOY.
NBBBEOOY.
N696500Y
NSLO0V 0V
NeTvOroy

Nozeze oy
NS660507
NYOBEVOY
NZZBYoY
Nevvzzoy
NG689Z 07
Nsamz oy

NSZvOOY
NOLLEZOY
NSVLEOY
NBOvYYOY
NEVTLOOY
NogoeT oY
Nvzerror
Nogsar oY
NYZSLYOY
NI8LYOv

NBZBLYOY.
NeTayor

NS6+0Z 07
Nareszor
NazEZOY
Nvzvzoy
NSE09ZOY.
NvG19Z0v
NoavLEQY
Nzovtr oy
NiZzLvoY
NLOS9E QY
NEBLYYOY
N9BEOE QY.
NEOEOE QY.
NEVZTOY
Nvzvoroy
NELSLYOY
NLOSIZOY
NZerseoy

ST
saez

(u0D) T'V 81qeL

80



w280
670
00
nvo
9900
9900
nro
520

0050

TzeT
omo
o

2020
oo
8580

Ega

2090
siez
260
6902

T es

o5 oav [05 Ges tav 65 @Z SOt
z €2z o oze vm  ove s  90E
A oz & ses €9 soe  £zv 9
60z vz 1 See S Sz Za
e &z vz Tt 0 e o aze
e &z vz Tt 0 g9e 0 o
W ez 1@ sk o se 0 vre
ox ez 8L %e ea  vee 26 182
o ez ez vee s ese sy TZE
6v  zzz e eee  um  ese L ToE
o o ves B we £s 86z
o vz ove  ese  leL  wez  vo e
68 9z M Goe 05z 098 B SvE
Lz vz 26 Goe  8eA  wee 09z wee
s. ez v6 S em S i S9E
a ez s soe 6y S zv  eee
ve ez 8s  See 25 S e 99t
ve ez s See 05 ese e 99E
ve ez ex o S@  vee  Sez  99E
ov ez 99 See 65 zee v wz
s6z  gez 166 voe Tse  S9t  vS9  8eE
o8 @z 9 eve em ek 28 29t
Te &z Ty eve 9. ese  £8  o%
sa vz toz e T@  vee o 08
oo ex va ove e@  vee o8y  ToE
o e L sz s oze e est
o ez 6 vee s tse 25 e6e
o eve ze  zee 2. zse €6 sGe
o eee 1z zee S5 o g8 see
o %r 0 ez 88 OeL 0L zeL
\d €0z zv  8se 8 e or  ese
ov ez v6  See v SoE  sw  99E
e ez oz See 89 Sk 66 vsE
€6s sz ve  See  oF  S9E 0 voe
ve vz 85 See 68 S ve  Z98
2z eve eie 29 we vz oee  ISe
vos ez sze  o0E 0 voe oe 82
6 em wv  zoe a0 ese 6 oSt
ve ez e  zee sa  zee ve Az
o szz Lz zee sz v Lse
st ez o8  TeE 0 oz e EL

o vz & Soe By S9E 6@ 9%
o eve ®z  S9e  oww S 6L 998
25 sz vs Gt .5 S8 18 998
o ez & vee oz zoe  Ba oo
o ez vz vee ex  zoe @z eez
zw T2z ez zee 6w seE 0 o8
6z @z w9 0 se 0 oee
zs ez ey zoE 18 s 18 99E
6z ez a soe 15 s o vee
e ez o o 1t 6z ze  zee
vez tez  zw 18 0 se 0 sve
e ozz t6e  Tre  8SS  S9E  Tve  99E
o= oz e  See ov 0o £ veE
o 60z i oze om s& 8 9

= o v Tz sz @ zs  o0¢
zs ez v see om S Tz Ese
o T o ¢ 8 26 a8

w9 am G M sse 2z g9e
o ez & E T s0e
o 2z s8  vee Tz voe e osz
% ez s&  we s&  see L S
A3 ez @ tee T voe & oz
ov ez vz vee €9 g9 sz see
68 ez &  tee v v ox 2
se ez 18 eee sy Sse 6y 08
o o o o ev 06 lm o
va Tz we  lpe  om  Tee  sx  ese
i3 6a va  vee ex e 0 e
z8 sz v see £z TOE e ToE
o ez zz s o ze o o8z
o ez oz teE 0 we o 2o
o eve ze  2e 0 voe 19 eee
o eve zez  see  oie  S9E  les  S9E
osx ez e zze m sse o0z eee
2z ez 8 s 0 e ae sz
A ez TS vee  e@  beE £s  99E
esz @z vez zee 2z 6sE T E9E
e ez g vze o zse 6z z0e
6 Evz 9tz £9e By voe  wa 998
z ez e&  goe 8y vee 0 908
v ez s Tee 68 298 0 908
o ez ve  vse @ st 0 908
6. s 09 vse v9  seE 0 08
6z lzz S8  zse es  seE 0 s0e
o Bz vo S sz 6E S8 T

€  ovz ez 8 £6 €98 O 99¢
ez eve o0& E9E 189 L08 002  TSE
e ez 68 Sse  S@ S ove  IvE
ov ez 99 St 65  £9e  vp  see
v zzz 0e  vee 6e  voe o9 99z
Te99  eez  wve  eee 95 TeE 65 g6z
5 ve  om st 99 S8 0 ose

o oz o 6ze £z 2% S 08
o wz o ose sz eoe 9 soe
v ez za  see  Soe sz Toz  zvE
ve sz 6z vee 18 IS e SvE
3 ez ve  vee 1o st mZ Tz
L@ eve ez Gee 9@ s o zze
Lz eve es  ese @9 1@ 00z 298
v ez s vee za  voe  eSz  ese
ss ez sw  See lez Sk em  99E
6280 ev 8@ 6o  See  Sa  SE  ss 99t
561 o €Ez 8w S9E  mEE  SE O o08
L6 €8 ez e@ St ea S v ToE
aee s& @z 1A e e S98 668 E9E
688 % ve  eve 18 se o eoe 0 908
ove 0 e 19 vee 00 see 0 908
oos's L3 e 8L voe T»  zm  i%  eee
(Al 1 vzz 9s  Tse  sa s 0 s0e
1 Tz s@ woe 8 6vs 0 vz
sz zez @ Ss9e e S 0 908
09’5 ey oz @1 vee Bm  vse 8% Ese
osom L9 ez 1@ Gee  ea s W  €9e
sLr6z z eve &  soe £cz  Tee  ele  ese

2o zva  vee

ECCAE
6s @ o0
@ s o
o ez o
o S0e 0
o oee o
o e 0
va e 0
e.  eze 0

6L i sz
6 sse  soe
e mse o

eo  eze  wa
ETAT )
o vee s
sx 2wz o
otz o
oe.  meL  oez
ex e i@
s ose 06
g s oz
™ TeE  ewy
o e sz
v g i8S
s ez o9
2wz 0
w2 e &
or 0z 0
e ez e
66z l5E 169
s o9 vez
ez s9e 209
Tz  we o
voe  eze 0
zos  @es  oseees
o see o
L0z ese  1zs
o see vz
9 sz 0

o see o
os.  see  oge
e Tee 0
sze ez 8
w0 o
8 e 0
09 o6z 0
sz s9E  ee9
e ez z
ozz  eze o
oI see 196
2w ot o
ze om0
ve 09z o
s6 20z L
2 see 0
60 e oes
e ose oL
08 mse 7w
o ez or
o eoe  or
o sz o
ey s9e  vez
L0 eee 1z
6x  oee  ov
6 vee  coz
o oze 1o
o vez  Lov
5z sve e
o ove 18
es o9 Lz
o see .a
66  see  zL
@ ese  so
0z we o
ssz 156 Loy
o o9 lee
voss 09 188
66 2 Ter
vo  eze o
@ e o

o 6eE 6.9
@ e o
Ter  s9e 009
voz  voe  zew
ver zee ele
e o ze
6 4t 0
e see  zee
8 z6z  ss
oz e o
ea  oe  san
& zee sa
se 4 1A
esz  zoe o8z
06 ese T
L6z seE  ozv
zx  see  zoz
o vee 196
s 19e  vze
ex e l99
og e av
ve 09  o0e
zw  eoe sz
x e voz
ez ave 1ze
se vee w6z
820 S9e el

a6

2oy oce _oam
'S0 ¥4 0 W3 €0 ¥3[ 20 4] TO ¥3]00 ¥4] 66 43| TTdM | TTAd| OTdAN|OTAd [ 604M | 600d | 80dM | 800d [ Z0dM [ 20Qd [ 90 |

EZ6E T

62207
NIB9ES OV
N9LL9ZOY
NSIS9Z 0V
NISZ050Y

B
ssez
ez
esez
256z
T52€2

oszez
Loiez
ovez
sviez
2viez

(u0D) TV 810eL

81



viED 660 ZEEO 1900 6 ez @ sk o 1 0 e m  loz MLISBY YO NeSeLvOY TeEve £a 2002
650 6520 950 B0 95€0 980T € ez sy eec 89 we v 26z %V 607 MOZESYV NowvEvOY veEve  £a 200z
1290 SLET 9vST  06L0 6980 @90 @2« ox s v & sz ez S5 68 MeSzaY VL Nvozevoy Tzeve  ea 100z
ST 000E SO $090 SLOT 00T 069 oec 05 eze ®6  va 4 6% S va M6SZOVVOL NESOBYOV LOEVZ €A 100z
SeP0  @YO 6O BOLO  LvvZ SeeT 6. 6% /9 s &z  6oe  60s 8oz GvE  ea MEQSS YO NbavevOy O0EVZ  £a 100z
TZ9T  8SE0 1500 6920 02vO ST 6 e& & 2z 06 & va sz 1o em MZLEYYO NeSSISOv T6zvZ €& 100z
SoT  £800 2600 €00 a sw 6z @z o voE 0 Tez wm oz MZALSYO NSeSYSOv 0BzvZ  £a 100z

S900 vaT X0 1060 SESYZ 6r  vec sy S v zz 6% 1@ Seve o MeSZEYYO NZWZEOy BlZvE  Ea 200z
8990 8950 £690 BG.T 1vZ 00T Ta @z esc  see  Ge9  e9e @B 6z 18 T8 MLZVOO VO NZoeEZOV GSzve  £a 2002
2X0 00z TS0 GTO  8¥80 00V v sec o5 zee ov  lee a6z B OX  ov MEBGLS VO NEGO6vOV Zazve £ 200z
Y20 05T £sz0 mZo MOl  zoee ac  s0z T8 oze e S csv o8 ey sa
600 8800 2980 BERO  SeST  02cs Tz oz 6 108 6z  ece  1es  See  9%8  ver
£200 5200 8200 SP00 2900 8wz 6 o%c @ Tee @ vse & e
050 9520 000T EBFO  B/SS 0SL6 To  ee zee  zee  va 09 L6 ese  v@Z  veT
9170 @Z0 8820 1.T0 1850 Z9ET TS Tz se  oee 96 vse 6oz 956 zzz B
5960 520 660 VBYO GVS  Eov6 To eec 6ze  oee  om  veE 2o T 0%0C 4T
BMO 820 6120 6VZ0 250 eeve TS oz e we L0 ez 8 @ Az 18
60  ex0 S0 09z0 B0 &9 vz zec €9 Toe se St 66c 99t eve 197
rro 0200 B0z0 £ee0  aet o €z o vee s Toc  oa 0o ez e
€680 820 TXO0 6580 OWZ 089S vo  oec s wee TWe  zee 59 l0E @89 1
£950 8000 9600 B8SO BEBO 5609 z €z ze  Eee @z 29E  6sz  6OE ST 6®
W0 6950 LEE0 T8LO0  wKST  wET @z scc W 6z vor  mee  ozv  zz €09 4T
5950 1500 820 ves0  868T 0 ez &  vee oX 09 va  cee 9L Sor

1900 @zo 1290 6267 o ez 0 e 6. oe Az 0L e
LST 9220 L£0 6990 64T  earz ss ez o  wee ez e S coe 9y sa
650 a0 9580 rozt o ez 0 2 05 me 6% sz 9 6L
9560 S/E0 S0 8900 L£BO  BYET a w6 6s m sz m  sa e we
6250 69v0 1860 posT o ez o lze ox  vee 06 s0E TS s9E

£800 6600 L0 G601  BSOT 0z oz 0e  EoE 65z 0% o zve Tev 09z
ST 1620 6080 5220 T ewe W ese @8 v 0 we 0 9
VST 950 60 $200 9O oveZ e oz ov e s e v s 9w g0z
1950 050 690 @O @St  9sUL va eve ez vee o6z 2ot Oove ISt 980 28
82T 8500 €900 BE'O 90RO 009E W ez Tz wee 2. vee o9z  oee 06 Sz
662 1yz0 OvZ0 BLZO 20V0 8ET 65 6k 08 vee ox 0% ow e GE w0

800 €070 9280 SEET  £e9z 0z ez 88 wee Tsz  voe sy Oee  S6s 92z

ST aTo  eBE0  veoT emT 2z sec  6e  wee s 0% a5 2  6eC 80T

T950 5600 9500 S600 2O £2L0 €2 evc @ wee ve @ se 89z om 207
950 1600 9800 LAO  8X0 2190 22 e @ see oy 1 ey oz it ez

00zo 000t vreT  oxZ o s @ o 1z 1z 9% 06 0% ox
6550 z@0  @co 8O 120v  eele ov oz e oee o  ese osa Lz OU ez
SZO O £v90 8990 2960  zveT e vec wmz eee Tz  Toe  zez  eez  6ee  va
6zo  zeoo @0 9620 6820 0z ez vs  sE o o v ez o6
00T 6290 86ST EVED 9T EEET o zec Tev ToE 6 mE eve o9&  vw  8a
9210 6v20  vzEo  SaT  eect o ez swe  lze  sn sse e aoc 96z 8o
avo 0820 0550 @Ez  6aLS o a1 26 se o e0e 989 sz 00E &
66T 9220 6920 985O 6SYL Ve ss ez e  Tee om  oee s Soe S8 b0l
9280 190 G0 80ZO 80RO 9EET 6 vec sv  eze e s sz \@e M SeZ
2090 o@0 50 EvZ0 YO 0890 e 6ec 05 see 8. T2 99 & @ 6%
Moo lzo  s@wo leS0 EE0 z e T vze 2o see 13 T2 08 ox
6650 2800 0900 1020 LvO YT 0z e oz wee e wee ww  zoe lzz 1%

TZ0  SZT 0T  vKOT  00GT  E6eV 955 oov el Bz 2oL OEL OB s Ove Mz
B0 8521 90T wWOT 0007 296%E €6z eec we zse e Gt voo  zee  cz9 IS

azo sse0 0920 €590 LSt 0s oec 6a eoe S8 S 6w mc o  va
8950 8820 020 £OFO 1250  B6ET oL ez oL  wee ow zee 18 o6z e8e  wiz
2z0 90 9600 $SE0 9850 T0ZO € ez se s ea 2ot 0z 99 89 6eE
@90 Z9E0 6220 2680 2680 OZET ve  zec Lo @z sm  we ssc oz Sec  ea
&0 lzzo @zo owo lezs susT S5 oz e za  uz o9 1@ 18 967

1950 1867 TWO w0 OE0  L0GT Bo. e oz To  0se S8 vz 8oy nz
6620 b0 020 68O 20 82 te v e o &z 0 o0e o zsz
a0 zazo 06E0  SBE0 1620 e wz o vee ow  ese .6 zsz 09 90z
2960 TEPT  SE07 £SO 62r0 OO zve  eec 0L ove eo  me % 9% s
2250 TE0Z 8800 v sz ze s o st o e o o8
a0t Sz0  z8S0 6580 560 0 €z L e @z vee vz o6z sm ST
voro Szo 9850 980T 80O 0 ez L e @z e Sz ew  ta  oa
1650 5600 2200 1620 €2 e @ s T wz 0 o o
9050 080 1660 050 00¥0 2020  GEST Vo ez Gee  Ove o4  6ve SX 656 69 WE L4 8
Te00 2560 S60 682 LGT  OEEZ 0000 L6 0z sz ove sy £se  ese ez L @E 0 e

260 00 SE00 €20 T@0 0000 T Wz 2o see Te  vee va  vec 9 62 0O 66
600 6250 640 SYSO ZHT  OBYT 02O 08 evz vo  use z&  vee O6e  vsc By £ S oz
830 6850 95r0  92E0 TeET  sBST .  wz sk oz & s o soe sy sze T8 TS
6550 8950 SOVO YBEO €690 OLST  SYET i s0z e S STz Tec 96 Ove  wE 66 6T
2970 89v0  09v0  6ELO v5r0  BvE0 W e ex  see  eve e 0 65 152 eee 66 ov
S6v0  5z0 XEQ A0 4SSO SET  ea's 09 eve T wee 19 SoE 10z  E9  9Ev  S9E  leZ 62
@0 zzz0 9620 80FO BLEQ 6890  SC6Y 0s sz L Toe w0 o 09 MWz  Oee  Oge L9
Y50 00 100 900 00RO €2 sz oz s sz s 9 sv 0 2z o oz
950 62E0 640 SYSO ZOT  OBYT 0520 05 ez vo st 2%  wee O06e  vse By £ v o
9150 Z@0 A0 00 8200 LEEO  p9E e e s zee 4 s & 6se @ see  em 9t
5100 v2z0 S0 120 WEO Y890  L98T €5 e S5 e es  Se  GT 296 6ve  voE oM SL
V00 8860 OOT 140 GwO G650 8LT ovz eve ver tee To  ise wa 9% & e va 26
SZv0 1170 SSY0  VESO 1000 WO  Seel 9  eec oX St S&  S9E  czz 9% 685 S9E ey 1O
€20 zaz0 SO vESO L090 MO 822 8 Tz ox  se s&  See cze 99 68s 98 18y 26
6020 01 992 60 68EQ O0ECO  BWZ ovz sec ess Tee T oz s 06 98 e coz  za
1v00 1550 £00T O0£0 8F0  TEO sz lzz Ter oo ST st £ 60z vb  EZ 0O e
2060  EE0Z £68T  Z6E0 65V THT S0E  OF Tes  SoE  EW  SeE  oX  Z9E LB S9E O [

TOSO  TZO S50 9260 AEQ  ZuvT €89 vs vz 6@ S e%  Se 6 6vE ees 98 L0y 09
920 @0 2w  S570 520 o e 25 s e s 0 99 @ 95 0 w
8990 Y0 6PE0  SSPO SCFO €580 0z e 6 ae sx  ee S% 9t 292 L0E O e

vvv0 zev0 080 @oge  £ovT 8 ow za ez sz  eee  eve 206 v e 0 53
260 S600 6600 1620 TIL0 beZT  Z5vS a ea ee e zx s 99z Sk Iy vee  6X ¢
&0 l8E0 SO zvs0 1290 L850 ¥6 ez v Eoe v @se 6% 2z ed e 0 sv
6100 950 Er0  zsz0 WEO 1870 B ez €9 S 26 S w9 Se a0 oe

TEO  EvZ0 @EO  99v0 9990 6GT €SS 85 eec o St oo S Eve  S9E 1oV OvE  6SE 59

TEO 950 2250 98YO Zw0 9800 v8 6z om 29 8T e 25 9% &  8E 0 82

VLEQ 1190 9580 S690 60T T6  ee oz vee 60e 196 &z 06 S 0 0O 5
8820 yE0 820 8PP0 Z90 9680 s, %z e  zee ex  ese v w0z 2@ e 0O e
eseT 5000 9000 0200 0600 o ez 0 Tee z stz see L e & sm
aLo  0zL0 Wi £ovo £0S0 vEST  veoy so evz v zse L% See v 99t /s E9E  le9  om
VY650 EELO 1060 OWT  O9T  zezz T6S Br ez 6ze S v vee Gz @z 48 6Se 65 1O
S9E0 8000 TEO SEEO B6Z0 OOEOQ  60VO z @z 0o Tee €6 e 6 99 o0 e v T&
S50 @70 1920 GO Ov90 WZl  B0T 05 sec 68 s 05 oo e 196 Gov 1% e o0a
ZX0  @v0 1190 8EE0 vhYO  2oL0 S5 oec oz vee W  lee e 6z €92 S O 6e
900 O¥T 100  £0Z0 vvYO €0 € ez va  vee 96 See O 908 Sz OEE 0O z

8201 zeE0  vvED 0060  @weT vz ®z sx & a1 lee oo 6zl @E O 65
1620 0zzo 9EZ0 WO  Sv90 Wel  oveT € Tz 6. s 0s S Tec e Sey  Tse ez od
950 90 40 25Z0 WEO 1870 B ez €9 S 26 S w9 St a0 oe
vszo 850 8620 1000 1890 o oz v vee X e9e vz Boc otz 6z 0 3
S6O0  6vL0 BT OWZ 9200 Lv60 0991 e eve 625 sse e o0e  zor 196 Ie  eee 14 ex
29v0 WO 9E€0 950 902T €050 0 otz s vee e&  eee % Tee Oz oX e sm
990  E6£0 1520 1880 GSO  bERO 70 Te  epe es  see 6 S9t L@ 095 206 29E 6L 9O
T@O  £EE0 220 18E0 SO  SERO  ¥YO0 Te ez 8s  vec 6 Sot L@ ToE  EOE  E9E 6 oM

0RT 0990 LOET 2290 £0r0 AT oz o0z ow @z v S lze S ese 0% oE  ow

6120 2980 so e @ s o se 0 mwe 0 o o vs

9200 €100 0020 6620 95E0 o sez vz oee 98 6se s @me w1 oz 0 1@
Y920 VAT 2002 9ELO 8800 ¥6ZO 106 Lz eec Tzr  sve o5z ave w99 o 09 O 2%

1250 6620 2980 9 vz e sk o ) 2z o ose o 19
9250 690 a0 G0 6EST  KOEZ 60SY T ez sy zee o 2ot vss 09 We s 96v OO
6550 LvEO S0 BEOO 8900 %20 6890 o e& T wee W See sz 99t S ey em 80z

0600 6550 0980 SKEQ GovT  osmE z6 ez ose S me  See  va  ese  Ges  SoE  BrL  ve
980  OEO OEO EZED TBYO 2660  @6T L e va  se @ Se en 0% 09 e ve  za
Y000 960 5020 ¥600_ v¥50_60v0 6650 ov e B9 tee e e _om vz 10 vz o
[Tt ¥4]0T ¥4]60 ¥4[80 ¥3[£0 ¥4 90 ¥4 SO ¥4 [0 ¥4[€0 ¥4[Z0 ¥ T0 ¥3]00 ¥3[66 ¥4[TTdM[TTAd[0TdM[0TAd[60dM[60ad [80dM [80ad [£0dM[200d [90dM [900d [S0dM [500d [#0dM [¥00d [ €0dM [€00d [z0dM [200d [Todm[T0ad [00dm[00ad[66dM[660d ]

(uo0D) TV 8|0eL

82



7220
o
a0

850
saro
az0
ooz0
oo
zev0

oo
5080
820

€260
azo

8920
eog0
Ls90
zve0
620
s00T

Laro
€920
880

vero
€950
ose'e

6650
zss0

6Lv0
v6z0
890
Tt
avo
6o
6z
2t
Lo

6200

sz01

sec0

80T

880

6169
220t

1560
eare

S99z
60

vor's
ey
8€07
0050
Lae
oooar

oos'r
zsee
eees
ToE

280t

0960

o000z

5e'5

zeom

959z
sae
svsy
0

WLE0B VL
MPO0EE VL
MG68Z6 7L
MS0E6 O
MiovEE var

500507
N6£09Z0v
NIL6SZ 07
NerLsz oy
6097 07
NerLszor
Nerozy 0y
NesaovOY
NoTLv Oy

NZL06v'0V
NE6BOEOF

Nezezvoy
NZ609Y'0Y
NEozesOy.

Teelz
Teesz

zeiz
szesz
ezelz
ez
96212
vezLz

65022

59652
9652
25652
ovesz
e85z
Lessz
seesz
eeesz
szesz
26252
6252

98252
Tez5e

sizsz
925z

050
96v'0
1290
Lo
vevo
6160
60

6280
9550

2vz0

90
1960
saro
nzo
8650

8280
850
)
sao

550

89€0
£500

S50
eze1

9550

12v0
viro

9590
2520
2av0

50t
evet
2oy
sao

2020

80

s200
w00

85e0
£080
aco

et
9880
2200

2o

uvo

ot

saro

0080
860
6T

oze

goooooo

B

wgo

VST V0L
MpL0ZY VoL
Merevevar
MOOFYO VL

NZE65v 0V
Nv6ZovOY
Nzoeze'oy
NLeZsEOy

NvozLZOY
NeLosz Oy
Nes6vS OV
Nz oy
NSOV
NEEEIS Oy

NooLLv'Ov
NZ6eLs 0p
NovLpSOY
NyaEsor
NSeLpSOV
NeLsvSOY
NLoBYS OV
NBozZvS OV
NLOSE OV
NvLLEE OV
NLgTEEOY
NYesrOY
NogssOY
NeTLLYOY
NzozosOv
NBS6EE 0V
Nez IOy

NeeLss oV
Nsgsze0y
NegaEOy
NyLETSOp

50252
L9252
vozsz
oezsz
zzzsz
arzsz
azse
azsz
verse
2z
s,
sz
amsz
Lasz
omsz
varsz
ogtsz
oSz
s
oerse
6ase
sasz

T2vvz
Levz
2uevz
650z
eveve

Trenz

(u0D) T'V 81qeL

83



eee0

5250
9010
90

osT
TeeT
savo
ovvo
5290
ont
)

ezt

evo0

0660

oot

w201

6657

8620

vzeo

55 vA 2oz 6 6& 0% 0 3
ezt Ta ez 6vz  G9e  S1z  6Se ST w6
o og 6 S 6 19 0 e
8602 se oz mz  see  ovz S le6  za
e e sz sa  ese  szz  vez 88 &
zvae es. evz  lsw st Twe  6SE ey o
as9 o= zvz s @me  e6e 05 909 €6
6e6 6x ez ez e6z a9 v voz  zd
s6rL & evz 6@ vee OvE  voE 688 wT
aze 0 ez v  vee 6ze  voe Se8 96
9651 o ez o&  sze .8 i56 0% w6
sisv v eve  ese  Toe  66L  vE  00L £
ase o ez esz  see o5 uSE ey o
TesT i) ez 09 See £z ToE 9ok s
ous ow ez esz st o5 90e @y 1o
000 ze ez z@ st ey SeE S &
8s9€ Z9 ez we s ve  SeE ey
eee ™ ez @z S9E o  &E S5y SO
8620 ™ ez @z G9e  ow 26z ever 18
svsz o evz 90z  S9e €8 S9E  S0E T
2001 e 90z 09z 0ot 899 S9E 60z  EM
T eoz see  eve 20z € O 6
Tes9 Tes ez oz S9e  Tva  S9E s 22
622 va sz ow  eee  vos  SeE  GE a0
8860 sz sz oo st za@  wee  oa 8%
szot 9 Tz 6% s ew  veE o3 9%
0007 A 2wz vm s 0 ez @
2050 i evz  om  Goe  Bzz  S9E 08 6%
966 ow ez evz eee v £9e  em 082
oSy 8 ez e see  l0e S i@ za
6o o ez e wee 0 sse g Tor
ez z&  ovz se  ese TSP S9E 9.5 lSz
50 €5 eez TM  eec .6 S9E w6 OvT
oLy ST ez sw  eee  vsz  SSE BAT  9vT
zory or ez vz st Tee 0% 6w 1oz
6Ly W ez om  ose  viz 95 O v
68 TS Wz  ex 266 wA SvE  S60t 68
ograr oG ez eee  wvee 6. e eele 18z
90 la @z ese  o0oc ea  sse .6 0z
ozeT 20z evz  9ee  eoe 089 09 €9 SLZ
1807 es 4z sez  Tee ooy e9e g  zze
zars o8 sz Ta ez 8 1% esa veZ
es  ezz va v o s o o2
sz vo & e o e 0 @
6evo 06 sz @r e ave 60 %
ae0 sze  evz  zvv S8 vz G986 Te
6861 ox ez 2z se o6z 66z val &
2v00 2s ez 8s s 0 e a 6ez
6820 W ez vE oo vee  eSe  eL  90F
o0szo o &z 0 zes ze  ese T ez
6050 L 2z o et & Tt om 18z
o280 Lz e 1o see .z 68 Toz 86T
ox ez sa  see  TeE  S9E O vz
ze0 €8 sx 65 s o .60 4 s
ot & od 8@ 8se we  90E £s 18
1850 zez  evz G5 see o 29 04 0z
1007 oz eve ese  see 29 6eE 204 962
2280 6 6% sez  soe  ove  S9e  Tez T8z
2002 er ez og  see  esz  Tee o8 GE
sveT z6 oz 23 oo siz  6SE i@ 6
99T & vo  e& 0% mEe 9B 05 O
vs90 o @ BS  vse 9se  .@ 90z S
ss sz 2 TE 0 vee o 58
6680 2. sez  eez  see  esz  ese  za  1ee
5950 o6z evz osy  ose 6ze 29 € 29
are e 80z S0z sSe  S6E  S9E .09 SEL
vova o Tez T oee  lv9  USE  600Z 26
o0 ev Tz e ek ov S O 10T
oo ez W see oy S O T
o0z ze  sx  om  zor ez See  Tav  OvT
6v9E 88 6w gz sze oz 86z ves  SKT
vog L@ emw @z Tee 295 6eE  eavz 2z
L8y €82 Evz wv 298 €68 09 €M ZOE
Te6e ey e & see sz 16 w6 622
6005 Te ez sa Toe  vez  S9E oW zer
6070 s eez 00 eoe om S wm  LOE
soc0 v ez e sk o0 e sz
200 ez Wz Tz  vee oz T 12 68z
o886 o ez 19 vee om 06  zeze  zee
s0r0 ve 0z wm ez o o oz v
oy oz ez We  woe 29 628 80A 0B
o z o w o we o 06z
o ez 9z se e 9 0 oz
880 Lz e e T .z 88 19z w6z
oves Ta ez sez  S9e e 29E  sl0z  6vE
2zvs Ta ez sez S9e  ve  ToE  emr  eve
ososz 09 ez oF  wee Sis  uSE TS 0z
saro 5wz @ s @ st ze  soc
saro 5wz @ soe @ o€ ze  ooe
29 ez ey @e i S O s
oz 1 sk om o awz o o5z
sozz sn ez 28 26 om  G0E 289 6LZ
voez e ez ar  Tee M eve  Sv9 08z
z e w e e vee 0 o
oot « 00 89 vze St S oo
vooa ve oz 26 Tee  va  iSE  [80Z  EO
66T s sz o ose ST s s oz
vert o ez w Tee o0& 09 8es @
0007 W ez s&  vse vz 0% oa 09
9950 o 6 0 6 0 mwe 00 ox
ez oz o soe Tz e o e
021 o vz 0 vee 8 0se  06e  80E
oen o o2z o o s. ex s s
lsse o w0 oz o0& @ 08 va
202z 8 €2 @ eee Tz 6vE S99 208
zee0 o 6 ze 26z €9 BsE 86 sez
05T o %z o ox oez v zee  az
1807 o evz €8 ez 9  OE  zss T
e o6 evz o0 Toe &y S9E  v98  SS2
o ex o 0se o e 0 o
ovor o 2wz o vee on  vse @ z0e
sse1 lzv ez ss  oze .8 Ove 9%z 98
s0sT 6 60z iz Tt oOve  S9E  zss 998
s. ez sw o0k & s o a1
szeT a P ) zos  zx  vee  esv  vE
vozo st sz o sse & we S5 oz
0250 sz wz 19 s €9 S 1o 6z
z e Gz ez 9tE 162 O €€
oary 60 6w €9 poe o5z  vm  eez 0L

ARO0BOL V0L
NLBEYO VO
LEESE VL
M090SS VL
LYOBS VO

NEOBEr0v OE60C

B 5002
sa 8002
ca 8002
ca 8002
ez 800z
e 8002
e 8002
e 8002
e 800z
ea 8002
sa 8002
ca 8002
e 8002
e 8002
e 800z
e 8002
e 8002
e 8002
ea 8002
sa 8002
ca 8002
ca 8002
sz 8002
e 800z
e 8002
e 8002
e 8002
ez 8002
sa 8002
ca 8002
ca 8002
ez 8002
e 800z
e 8002
e 8002
e 8002
ea 8002
sa 8002
ca 8002
ca 8002
ez 8002
e 800z
e 8002
e 8002
e 8002
sz 8002
sa 8002
ca 8002
ca 8002
s 2002
e 8002
e 800z
e 8002
e 8002
ea 8002
sa 8002
ca 8002
e 8002
ez 8002
e 8002
e 8002
e 8002
e 8002
e 8002
sa 8002
ca 8002
ca 8002
e 8002
e 8002
e 8002
e 8002
e 8002
s 8002
sa 8002
ca 8002
ca 8002
sz 2002
e 8002
e 8002
e 8002
e 8002
ea 8002
ca 8002
ca 8002
ca 8002
e 800z
e 8002
e 8002
e 8002
e 8002
ea 8002
sa 8002
ca 8002
ca 8002
ez 8002
e 800z
e 8002
e 8002
ea 8002
ea 8002
sa 8002
ca 8002
ez 8002
e 2002
e 8002
e 8002
e 8002
e 8002
ea 8002
ca 8002
ca 8002
ca 8002
ez 2002
e 8002
e 8002
e 8002
e 8002
sa 8002
ca 8002

zeor

w60

ss60
6£0

g0
6T

L8v0
s2z0

ez
wo

TarT
zes0
sao
saro
e9eT
6890
a1z0

L0z0

Sv60

E Tz 6ec lzv €0t @y 0% Bz SO GVZBE V0L
5292 SO sez ew  wee ea  voe vk 89 MZBELE VL
see'9 e sez ev  eee oL 09  eew Lz M9BLZE VL
et T e va  ee ex 18 eze T MLvSZE v
v sz o5 st evz  eez 0 L NTL6ZY O
sovz Ly Tz 06 wee .Sz 09 €99 692 MOE90E PO
6v60 ovz s 8. v @z ez vz ST LS00
vert 20 Tz  ve  veE  06E  voE  0SZ S MEGSSS VT
9900 o ez zs s wm S O 2 MLSLYL Y
o088z 26 zvz  er S ToE  SsE e 80 MZE999 VK
veee szv  wov TeL  ovs eyl S62  S66  veZ L2059 v
vse'9 9 ez 6% pee vz Tpe  SEO 19 MELBO P
eest a ez .6 Toe  vel 68 Tee 16 MPO96E T
oevT " @z oo see Tee  o0se  vez  ea M8896E P
s0s'E e @z s0s  see  0es  S9E 09 v NS YO
60 @ @z esz lse 8 zeE T OF MPOLO09 B
6092, 26 evz 0% L6z 808 6SE  OL% €T MSETLO VO
ossEE 80 ez ow 626 evs  S9E  z8zz 89 NESTE YO
ozrz on  wz tee s oe  lee 8Oy OS LSOV
ez ve ez @z s wz i oz & MEBOLL VL
svov vL oz vp  oe  We 0t 6.5 e MLSLER PO
901 e @z va st 2z S9E o8 8m MOy YO
oss'L se ez e Tee .5z vee  om & MPO6Z6 7L
60v'0 00 @z ex eee sa  See 9L od MBZL6E v
877 va evz ooy S9E  96E  E9E  mEv  z6 L6909 7
28vz 8 vez ex  GE 1@ veE  wv 16 MEOGOL VR
o  va s s s. 8 0 ze MSS6VE VL
oot s wz o« s 25 Gee  we  sa MSBLIE VO
2829 oy mz oy zze  wee  8ve  seL NEZL9V VO
oarz ss zs s® We /8 eoe A 1S MEVBOE T
zsst 0s ez em 2ot oa  e9e 95z sar MBSB9E PO
sz Tz o eSe w9 v9E 0 20 MPEISO YO
6 6ez  8vs  S9E  ToL  ISE O v MYEVLS YO0
stov er ez sz ToE  oze  S9E  St6  LzT MEGE09 7T
ozoT 8. mez  vez  S9E 09  Z9E  60E  SA& MSZZ6E VO
ase o6z ze  6es  S9E 609  S9E  Z8L  00Z MIOSS VO
a0 a ez £e  S9%  ve  S9E 99 02 Mz Yo
w8z e ovz @e  eee SO €9E  00L IS MBISY VO
60 o ez 0 ae oz ove  see Az Maszo o
s evz  voz S  wie  S9E O szz MLSBLE PO
azo sa ez vz  zE 16 6M  6W Oz MB986Y vOL
osLa 6 evz 8oz eee  ev.  9eE  TOWZ  EMT MBEITO V0T
1900 ™ ez oo @ see @ o MBOYOS HOE
2600 b &z g ose & e oz oz MEEEYOT
vorsz So ez 80 66 o8y S9E  Z8% L9 MOBILE VO
2858 o 6x o vee & ovz e zez MIELBY VO
nen oG ozz o8z  oge 0.5 2eE  S8L S 96909 VL
T80T s¢ 80z av  cee 2SO 1o 06T 61 MLLOLY 5O
seez 08 evz  eev o6z ez 6Se  ziv €0z M9SL65 7L
o ez Tez  zee o6 TE 0O i MevESE v
varoa o Tz v zee  l@ 8se 0%z o MLzzom v
8160 L ez 0  vee ex 62z om  6d MB99OL VT
09 siz sy Tey  9zL 690 019 ES&  vZv MZTL09 VO
aveo e sz S0 zee Sz 18 v vzZ MSLAE
0005 a ez 1 zee om s eex & MZBIE VO
ey osz  evz o6z S  S6.  E9E  om  £E NUGOES VO
TR P 6z o8  wme e 15 O& 62 MBPES VO
zevt o ovz oz SeE 1A Sve  See  veZ MESErS YL
sz69 se ez sz pee es  £9E 9. zvT M0S8Z6 v
zoit 6  eez o0sz  see  zee 09 TWp  9EZ ML9Z89 P
88T To oz me  S9e  ssy  E9E  sev  zor NTTOESVO
o 6z 0 se o voE o sz MOLEZL YR
nss o ez w vee ex 2o oz ez MLOLSE Y
1557 2. ez 68 vee .&  S9E  BE9 o NEZ9Z9 VO
6552 s evz o0z 06  v9z  G9E  8vE  oF MZ2929 v
5oy 2. ez e poe  la S99 o MZZ929 50
vary v evz  ver  por  Sed  S9E WS ed Mzzoze v
sevT %0z ovz Tee 0t L0y 0Se e&r  £& M0Z9Z8 v
TorT 0z ez Tee  ose  av  zse  e& @ MOZOZO v
eesEr ve  zvz  oe  seE  eo.  S9E  Bl6  zL MSLLZO VR
esez va ez e& st Ty voe  ove  zZ MBETS Or
6oL zvz  @ve  S9e 88z S9E O 2o M9E09S VO
1862 8 Tz om et ve 1% g69  zee MZBSZL Y
oxz sz ez om s 16z S9E OIS  sEe MBBOVS YL
cor'6 @ wz o vee o voe  0sa  6a MZ6220'500
avee o or ze  Tee oz  eez osoe  lzz MT00TY YO
sz evz  6le  zee s vee 0 ve NTPAS YO
o o T® e eze va  Oof S S NTPZLS YO
oeg0 ozz Te ey zee oe 88 s&  ezT MSBOBY VO
veED T  wz o vse z. s 6 5z MSETL YO
1007 6L zvz  wwe  use  ves  S9E €29 GEC MBZ0BY VK
osvor e.  evz  ex  vee TWe 9% /84 1A MB9B6S VL
oart e ®z Wz §e  ae 9 208 6SZ MEBZ99 PO
0086 o ez ez wee o0 e omz  wz MOZ66L 700
w20 o 6z 8 2 o vee oL ez MOSETS YO
w60 sz Tz 0 vez ea o 6 %6 MELO0S 70
sat ] sez T se 6 T eoe sz MpvOBY V00
et 65z evz  ex  veE 6S v  BOv  LeT MYSBY O
e ox oz 6ve I8z ST  GEE  OBvZ  GE ME900S VR
Loem b 80z 0 906 . ave  eea v MEVSOS VO
w60 se  6zz i wee em  vez 9vz  o0l2 NGBS VO
sam 6 6 es oz 19 98z o6& 6% MBBEEY VL
05T e, ez ix s va  S9e €9y 80E MILB6S PO
L Lz o ese 8 0 0 61z MSPOVS P00
sver £. ez ix  see  va  See TS wiz MBSO
8eL0 T ez 96  se 6% vee Sy To M9Z089 7O
o0 z ez v se s 6 v sz ME9GYS VT
vL00 o ez oy wvee Ta s o0z oz MVE68S VT
Le0e o6 tez . zoe 6w Sve 978 2z MEGZ65 VO
1902 88 ez e vee ez E9E  wiv  OEC NETG08VOL
o08sT 2z ez s s Az see  E9v  gee M08BOL PO
809°€ TE ez eee  ese Lz 19 10 eee MSSELL O
800 [ ez i@ see  Tez  lze zw sz MEZTY YO
avee me  wz  ees  see 609 S9E  Ave oSz MS0SSS P00
vs0z ar ez me st ez9  £9e  zes  est MZELVO
o556z vez sez i@ zze S99 EvE  OBEr sy MYZ6LS Y
T & wz o soe 1L s 26z 6sz MES69 VO
2962 26z Tez ex 86z vee  £ee  @nz 992 MEGOLL VO
se6a ez eez  ew oz Ty G5  £80Z T4l MYOTS VL
0 o ez 0 %z s eoe  Tes  me 52559 700
60T o Tez om 6z zev  v9E  zGz  vE MEAS T
9660 e ox wz st lez  Bse  zsz  esz MEL909 P
oee0 6z 9z a@v  S9e sy SeE 66 OO MOVIL YO
zs6T e ez e T9E  wv  ZoE  viS  vee MZTI9 YO
s660C o Tz ex  zee ey TeE vz szZ MOEG6L Y
covT 9 ez oxr  wee 20 v0E vV  8OE MLSE9 VR
sm woz wee soe  oze  veE 0O 09 MGBEZO VO
95556 o or  es. iz 826 9% 098 6 MZV605 VL
e ee & we ea S  2ez 99 €6 6995 HOL

NEZOV o

NEBELZOY
Ngszzyov
NS850V
N88eog 0y
N9096E OF

el

55062
29002
900z

0000z
Lvosz
1652
oL6sz
sL6sz
eL6sz
65z

o652z
veasz
vessz
eeesz
osesz
stesz
zossz
Leesz
2zesz
oz8sz

6e95z
eessT
28552
855z

Lsssz
osssz
ssssz
vessz
Lyssz
vyssz
6essT
L2552
o255z
ezsse
zzssz
Tzssz

ozssz
sz

mssz

g
50552
86vST
26vse
Tevsz

6evsz
stvsz
zvsz
sovsz
eovsz
Lsvsz
esvse
osvse
Trvsz

6evsz
eevse
zevse
oevsz
6zvse
ozvse
sz
ozvse
avsz

oovsz
s6eSz
9685z
veesz
g
ogese
seese
osssz
Lossz
svesz
Lyesz
ovesz
ezese
aesz
8085z
o0esz
voesz
oossz
66252
vezsz
€625z
L6252
vasz
s
Tersz

B 5002
e 800
ea 800z
ca 800z
3 800z
3 800z
3 800z
3 800z
e 800
e 800z
e 800
ea 800z
e 800z
s 800z
£ 800z
3 800z
3 800z
e 800z
e 8002
e 800
ea 800z
e 800z
e 800z
3 800z
3 800z
3 8007
e 800z
e 8002
e 800
ea 800z
e 800z
s 800z
3 800z
3 800z
3 800
e 800
e 800
ea 800
ea 800z
e 800z
s 800z
3 800z
3 800z
3 800z
e 800z
e 8002
e 800
ea 800z
e 800z
3 800z
3 800z
3 800z
3 800z
e 800z
e 8002
e 8002
ea 800z
e 800z
s 800z
3 800z
3 800z
e 800z
e 800z
e 8002
e 8002
ea 800z
e 800z
s 800z
3 800z
3 800z
e 800z
e 800
e 800
ea 800
ca 800z
e 800z
3 800z
3 800z
3 800z
3 800z
e 800z
e 8002
ea 800z
ea 800z
e 800z
3 800z
3 800z
3 800z
3 800
e 800z
e 800
ea 800
ca 800z
e 800z
3 800z
3 800z
3 800z
e 800z
e 800z
e 800
e 800
ea 800z
e 800z
e 800z
3 800z
3 800z
3 800z
e 800
e 800
ea 800z
ea 800z
e 800z
3 800z
3 800z
3 800
3 800z
e 800z
e 800
ea 8002

(o)D) TV 38|0eL

84



TEST mat  TevZ 1097 Toz e 95 e 62 I® RGIGL V0L NOIGZE Oy EVEOE B 5007 550 7060 TAST T S 7 R TRCOSG VO NGGZOT0V 8067 B 5007
szt veve  sese ear  omy ovz w0 & MS6B0GVOL NOBBA'OV 12508 6a 600z €600 T v69t e we v 2 sm g
8600 veor  ozzz  o8em 66e ez e, s ove  sL MUSVBLYOL NILLEZOV 02508 €4 600z 885z €280 S9T  Te0E en Sz 809 e 6Ll 2sC
1590 oeor  olom S ez wie e 295 v MOSSEOTL NOVOVYOY EGPOE €4 600z Lz Teso oAt  Toee m ez av  vee  ooe  eez
ey ez eoa Tes ez wv.  Oc esm  la MOOZOYA  NelEvZOv BerOE €& 600z @L0 evsT Teez  aZe ose  Oez 95 oge  sed v
6260 1290  sEET 1§ Wz ey v 0 26 MZZL6EVOL NSEEIVOY 9LvOE  £a 600z 9680 Tcv0  LEED  BSES 8 ez Gr  ese  eve  on
TL60  zest vez ez ess s 0 o MEBLEVE  NLLEEVOV vivOE  £a 600z 960 82oT  zowT vee zvz  svo s 0 26
wo  ov60 8Lt sz we s s o0 @ MOLLGE VO NVBEEVOY ELVOE  £a 600z 1850 2550  8E90  GzeT ez wz eez S cos s
90T 9090 v660 6a @z oo 2 0 < MUV NAOEOY vBZOE  ea 600z 1990 &ZO0  SAO 590 e ez vo  soe sz &
6621 vzv0  20ET  ears e ez o 19wz o8 MB90LOVOL NOSZOEOY 8208 ea 600z SvEO TEZT  69/T VS €6z eez  Se9  6Se  Sva 0
550 09v0 G180 00S o1 ez ez £oe 990 60z MOLSYSYOL NEOBZOP 08208 €4 600z Tsz0  9se0  wmze To ez om s sear e
1690 6ov0 0zt m ez eee  vee 0w MSZBOSYOL NEOREVOY EAOE €4 600z vo.T TSzt ove1 eyl voe vz les  voe  zeee e
6evT l2s0  LL0T sa ez oee  zeE 0 6 MSSBOEYOL NEZOEVOP ZAOE €& 600z T0ST 1190 9v60  980€E ex  zvz Tee  ose  es. st
900 @E0  0v0 oL ez em  mc 0 ez MEVOEYE  NOLOEVOY OOE €& 600z Em0 €280 eST o0z ez @y e 0 26
W6t esvo  zv60 o1 ez we s 0 sa MOBELE VO NESOEVOY BXOE €@ 600z 68T czet  SEz  @0® o5z vez sve  SoE  90m  ex
950 2.20 190 so etz Lz v 0 6 MOAGEVO NYZEYOV BOE  £a 600z 9500 610 5820 sn @ s ea o 1
MEO 0820 6818 88T0E so 2z oz sot  veor  e% MESLGEVOL NOBELVOY ESOE  6a 600z 2590 S50 2520 8 ex & e o 1
2620 vezo 690 o5 ez ez st 0 va MEeEtl NOSIPOP 6MOE  £a 600z Za0 8000 020 z oz o ez vo ez
€ev0  68L0 v oz eez st 0 a MIZZBEYl NEOSIVOP 6A0E €4 600z va0 SOYO  06¥0  SseT @ ez em s zev ez
ovo  ar  eezo 0 oz wmr v & 6 MG6LLEYOL NEGEIVOY BACE €4 600z 9.0  ves0 9Ll i@ sz e S e 02
160 s9zT oz ez v sk 0 8 MP6EEYA  N660OYOP EITOE ez 600z ¥Z0 z/z0 SSv0  £0T ox e eze &L e ws
970 vosL  vovO w s w0 w MUGYES VOl N6BOSSOP OKOE  £a 600z VYEQ SvSO 1000 8OT z@ vz ese s eee  o0e
vt soz 09e ez ss6  lse 0 1z MLYSZLVO NB9GLZOV BLOOE £ 600z 6000 00 z ez o ozz w5
5090 2280 8T oviOL s& e 8y zse  les 08 MUBG6SVOL NVGESEOV LLOE  6& 600z 2020 1680 98T aoT @z evz  oss  Gve oo 208
Sv0 490 €60 8629 0s ez eve S esr  ex MILZSP0 NearzzOv Bge6c  £a 600z 1100 v900  60£0 « ez ez 2k o8 ese
€600 sarz  tese ves ez lom see 0 oz MGEMLPOl NS6LZOV Z686C €4 600z 9220 0E2O  LiZO  6EQ os ez 26 zee v
LeT aer  met 2y ez mes s o0se  o¢ MGEYVZLYOL NPGOBZOV 65862 €4 600z voz0 90  czr0 226 v vez  esz  vee 609 99
8850 2280 EERT Tovw az ez ezs  see  vew vz MSL00BY( NOOSOEOV [SE6Z €2 600z 920 evv0  T6Z0 ox ey et @ &  ss
@60 LT o ez ez av  see e svz MPS96LVOL NSGYOEOV vSEGZ £ 600z @Lo 1170 os6T @ ez o soe  slov  Tve
L6v0 sxz 6oy T ozs vz B S vey  om MLIGE VO NiBOOVOy OveeZ  £a 600z SE0 1800 1560 & iz o  we wm &
mS0  seet  esst 00 ez .5 s 0 oL MPSELEV NOGOOVOV 62862 £ 600z 1850 6200 0650 & e o e 16 vz
not st e otz oss et 0 2 M600ZBYOL NOELOVOY 98862 64 600z BZO ew0  wiS0  zeew 2 ez @ eee  aa  ese
evet eL0t o oz o soe L MS0ZEPA  NOYOr eceee  ea 600z eZ0 60 S50 1269 te ez e zee  elee  6ee
8620 o o oz 0 ge & sm AMIBEE PO NOROOVOV ZE8GZ €4 600z 800 ovs0 & 2z o e o v
sozt ez vz oav £9s ez lom  zet  com e MEV6ZLYOl NevESZOv SzEez €4 600z t0EO TSZO  ££00 1250 T ez om e om  wee
8980 65T l5S0 We e we see e om MOO9EGYOL NEWVZOY Z8l62 £ 600z SZO 1250 LEET  ECECE sa ez wv zee  ozse e
at 6050 @E0  seewr o1 vz o ez S8 & M6EQOOSO NG6ZBZOV Ovi6Z £ 600z 200 M50 8500 sa ez o e oz ove
suT szove o sec  sov 2oz L6 8 MOOEQUSOr NEBBZOV SEL6Z B 600z 9200 ve60 @ET  sesE Sz wz v see @A dee
vezt  eosE 0056y ac ez eom oo o066 oz MGECZSVOl NGZOOEOV OEL6Z  ea 600z Sv90 £9TO 9800 1950 vo ez @ e o0& see
ez seot €05 ez zes 2ot 0 se IS9P NZvSELOY 0Zl6C  €d 600z vevo  lo6T  9eg0 ex ez WS ez ssz  Soe
e acoe  zzsv 2o @z lzm S v2o e MSLZv8v0l NeGvvZOv Si6Z  £a 600z 660 689T 1561 1609 oee ez @l  soe S0z Gee
o  1eE0 0008 6z ez sa v o0& MUSBYYYOl NeSvZSOV 86962 €4 600z 5090 0BT  G6ET  sovy sez  zvz  se9  see  tom  lee
mo zsz  vee 997 809 ez zan  mse  ozve  ouz MESETLYE NGTTOY 96962 €4 600z 9050 T090  v950  5Z0 ow ez ez see el £oc
sevo  osw0 T € om Ge B Sw  se¢ MOEELLYE  NOSLOCOV S6962 £ 600z B9E0 2v60  bOSE  BLTE 62z  evz om  oee  som  sEe
Telt S9L0 6960 0S5O om vz eee  ose 0w &z MULBOLVO NoMTOY Teoez  £a 600z vSOT 680 560 960 oev  oev o mL  ozm 220
8280 90  TzeT  BEEO 6 ez el @ 86 06 MSOLESVOL NZLOEEOV 18962 6a 600z BY90 TSSO 66vO  L980 v ez em s osc  oee
2050 60 0vL0 se  eez oz 2 0 2 MOELLEVL NORIOVOV 9.962 64 600z To vert o ez sz me o o«
80Lp 2600z vea ez zese lee 0 W MISZBEPOL NGBROVOY S.96 €4 600z ov0T 6aT  98Ez 6oz ez vsz 88 0 z
6v£0 1850 1200 T8 zez 0z see & ez M6rOETOl NESOBEOY ZL962 €4 600z S50 80L0  v5L0 i oz eee  ae o T
192 v9RO  vOPT  wivO az ez ms  vee St ese MTLOOPPOL NGOBEOY Tl962 €4 600z 1690 0v00 00T 8 & o W ese ez
¥60 0590 €850 0LCT 85 ez st g e vz MP6LSEVOL NPBLGEOY 69962 £ 600z 660 6220  EA0 5900 vs oz s os @ Bz
6650 ov90 6081 sav 1S ez 0ss  voe esw  ssz MESBZSYOL NELMEOY ES96C £ 600z 89z0 var0 oz 1@ o soE 0 e
650 viov  weT  ose 00z vz oz s §6 Uz MUOZBLVO NVBLOEOY 05967 £a 600z veeT 05T 2v0Z Sl e we el ToE Tee 00z
2ot eL60 we lgz e v 0O ac MBELLSYOL NROZSOV 98962 64 600z 1150 9890 1690  OL8T ve ez @z woe sz e
68v0 Tv60 1500  bovy Sz ez iz S lon  awe MEZERLYOL NLATEOY 296 €a 600z 90 oves o vey sev &L  oesz oSt
810 0020 SOV 9geT ove or oz oz 269 A MUYl NEVOOZOP 22962 €4 600z 5160 zl9T  zioz  zemt fov Tz vl ese vl em
21 owo 1020 &6t sy vz L9 eee  wer Tz M66689Y0L NLBST'OY @O6Z €4 600z Se50 WO €280 OELT Lz ez oz eez tes 08
S9T Tovo €090 6v6E @ e ozz s mx ez MELS69VO NeL6Z0y TH96T ez 600z 860 £l6T  LezO  TssE l9e  om 6L eee ese e
Vvt eeoT  seLv ove ez 0zo S eSW  €0E M69EBVYOL NOTEEOy E096Z £ 600z zv00 Sor0 WO 0T ow 0z se  zee vee  See
€590 5600 950 Z0E0 € e .5 s v aw MOS0 VL NELZEVOY O6S6Z  £a 600z 8550 1250 ISL0 5 ez v oee s ose
@60 0620 viZl  vsZE e ez sov s moL  oee MOLBISYAL  NS69BZOV veS6z  ea 600z €50 €200 SO0 0280 1690 8 ez s veE on  zoe  se  vez
SeL0 Tozt eyt ovot viS ey vex vzl o5 8vS MESLLVOE NBIBSZOV LvS6z  ea 600z L9E0 9EZ0  GED ss ez o1 e o see 0 a
6zes  o6es 1081 szie ez M S9E  SeX oz MSTPY | NezesvOv G6r6e €4 600z 600 OVEQ  $500 5200 ve ez @ e 6 ose 0 sz
6980 8860 307  veLL oz evz  ov. S zee  oa MSSTYPOL | NZO9OVOY OBYeZ €4 600z 150 20 8zL0  £2L0  2zote 2 e em  ovz esz  sse ez sy
6660 Sov0 00T  edT a1 ez e see ez an MEMOPYa NeeoovOv Gerez €2 600z T9T  lev0 9900  LELT  60sZ ST oz sz eoe  ves  See e es
vET TeeT  sezz 1268 o9 omr @ zoo Ts0E  ove UBO9SYA  NGESZZOV Svvez  £a 600z 0650 0ELO  0sZ98 o eec  sa  sze soz  cor o &
TLEO  El60 o om  vse  vee 0 ae MISUSYO NZvasOy zover  £a 600z vvo  wo o sz om s ov 0% 0 6t
V800 Syv0 060 8509 s ez vee s tem e MOLZBEVOL NOOZSVOV TZver  ed 600z 11V0 £XO 6600  L0VO o6 ez 9t s va 6% 0 62
9L0 82v0 1260 1SS T eez  oee s wea  see MPSLLEVO N89SSYOV 6veZ  ea 600z E0  vSvO  8E90  TOLT  lsE s ez ez ser 120 st AZ 19
2060 9850 960 oL zez va s ev v MLLZBEYD NveeSYOY Evez  £a 600z 9200 ze60 zzel  size  Leee ve om  see t0e  oz8  eoe M vp
TeET viE0 0860 s0ST 68 ez coc  See  o& o0& MSZ6EY NozesvOv Avez €4 600z €T LSST  8SYO 60O L99SZ ese  o0ez  o0m  vez  6e  6se  TooX  6e
swo  Tor0  zeve 2 en  esz  see  ee. oz MSSLLEYOL NouzovOy Sivez €@ 600z 69.1 0vO a0 =eo 8 ez 0 oe  oze  tse  szz e
8890 5800 B8LO ss ez 1€ S Sm  vE MZ9ZEEYL NZsvevOv @vez €@ 600z vS6T piZO 960 GTO €9 oz a@e wee or  sE o T
et ovez sore L6z vz zos  mse  wwor Lz MOVZBLYOL NYZESZOV 60V6Z £ 600z BE60 0090  PY90 6597 W96 TH sez  sez S 096 ToE €4 &
0520 zveo 65 oz o oee 0 o5z MGSLSVOL NvvESOy Sovez  £a 600z 6V €590 0660 9050 er Gz ae  wmE w0 sz
1900 0860 BT ST szz ez Ao ise  ew  uee MOBCESVOL NOZEBZOV 6867 64 600z 960 TS60  SOL0 2250 EoL tez ez esz  ese @ oz e 68
€890 150 oost o ez 6zz  Soe @y 192 MOEZ8L'v(E NBZBZZOV 6VE6Z  £a 6002 650 9650 SELO  SECT  ZLBCL o ezz vz 2ee 608 29t TS Ly
IS0 PEOO 2660 €9L0 ve ez ove  See  sve  Tze MEZBLval NOZSZZOv Eveee  £a 600z 200 6520 0szvS e oz o vz ey sa  sex oz
S0 oszz omt  esev sor oy eze @,  lziz  0ss M6VEISY NOGSLZOV @iSez €4 600z €160 OvSO vzl  bErz  peem o ez 0oy voe 6l SeE  zzx 98
6560 2rE0 0600 T600 €8 ez e S @ & MGSLBEYOL NSLYBYOY 60862 €2 600z €950 9850 0EBO ST wvTr om ez zoe  vee 120 zoe  eve 28
9600 €580 2660 V0BT L6 Tz ese  ToE  seL  svE MS6S6LYO0L NPOEOY BOEGZ £ 600z 66V0 6O SB00 T  £LLB & sx sz sez Tee  1se  omE  vp
6692 ©08O 9560 6227 T ez ove  zoe 0oL v MLBSGLVE NZJOEOY L0E6Z  £a 600z ZZEQ vovr  svST  pesT ove vz TS5 95 919 LS 0O €
5280 6VEO €600 0600 ve e e s & oo MOmGEVOL NeSiByOy vOEeZ  £a 600z SV TEO 8900 EMT  0ZZCK o om0z e Loy e av W
ovL0 600 ST ass s ez 929 st ok @ M6ELESYOl NAZZOV EOS6Z  6d 600z 9000 0950 TOLT 96V  vorL T@ @z 120 S evs  eoe  See &S
220 azo  aco w vz W s 0 sz MOPLEVYOl NvOBYOP 20862 €A 600z TLEO beLO  8LL0  TZET  6eES on ez vez  Soe cev  s9e 6z 95
20z0  ssso  evez 6 ez zoz  vee el ooe MISBOIPOL NLBLOY ToSeZ €4 600z LT 960 Lm0 6890 oeez o sm S»  6ze O0ez  eve 09  TOE
1650 o0sv0  sov0 TZzw (0 ez 1A ses zar oz MEASYE  NGOZEO 8262 €4 600z ssz0  s0E0 9920 6s 1z @ vee 6 see 0 s
) aco  zwo o s wm st ae MUSOVYYOL NepLSvOV ELZeZ €@ 600z 90 2520 8O0 9920 S ez @ v 6 seE 0 s
9590 85E0 120 850 8 ez ms s v @6z NELVPYE  Ni6ZBVOV TiZ6z  £a 600z 8E0 SO  vbTO  S190  Z5K0 B voz 68 SE Sz mE & 2w
1150 voro  E9v0 oa ez ex s 0 s8 MUOGEVVOL NeLVBYOY £9Z6Z  £a 600z 5800 6000 8820 s e sve w8 zez 0w
2680 0007 690 €900 & 6 ez s &  wee MB6SYYVOL NOVOGVOV 19262 6a 600z 6920 1220 vB60 6v em es s ae 4 o 9
2zr 1250 S290 sa ez szz % 0 % MOLLEVYE NOZEBVOY 09262 ea 6002 560 OVED s2v0 & 6 o soe  ex sz 0 et
@80 zat T80T o8z ez ose  see 0 ov MIOVZEP NaSSEOy 25262 £a 600z L6z ceeU  zazo €2z ewev 6z evz v6  eee S.  9ee 0208 0L
@0 2w TEer  velw 2 ez zew  See  uo  em MISSZPPOl NaIZevOy 9vZez €4 600z tBEO (SO0 @Z0  zecT  8LL9 ez vz 2. 6ze  ow st S0E st
0 ST Tov  vees oze ew ez zo. elsz  oze MEVOSSYOl NeHZZOY EvZez €4 600z £c€  90z0 1250 6T os ez os s we @ o T
1zv0 8500 8800 L0 W e ze s T s TOLBEYE  NvOZEVOY 026z £a 600z vE0 W60  SET  8vl0 ve 2oz ey zse ez S 0O o
99v0  ET0 0600 v ez ev s A 6w MELZBE VO NSIZoYOy 6EC6Z  £a 600z 1v80  SROT €00z e o0z 9tz zee ToE 669 6ve  zzx  Te
0£00 o e W s9e 0 2 MBSZELVOL NGRSOV vEZ6Z  ed 600z 60T Gevt €907 E6LS 65z 98z @S  T9E oy £9E s 26
8650 sto oot o we @ see  av sz MYZOELVOL Nve6YOV EEZ6Z  6a 600z 280 wZo €690 L9v0 se 6oz 8 soe oz cee 1z v
1690 0E80  v6OT  0SLZ se  sez  oee  2oc 698 o Mepvervl NEPSOEOY 92262 €4 600z 1162 6590 vbel  eece 0891 6 me vey st @8 S 0% 26
zev0  gs0  vesz s ez em  See  ooe  aE MOZEOSY( N6VSOEOV S2z6c €4 600z 9691 bS6O  zBOT v  sele sz ez see  sot 625 St 6@ T8
0010 #590  6v90 oo ez vez  ese o3 Tee AIELOSYOL NeSZeZOV v0Z62 €4 600z vSET 2800 60 0600 & s& ee  coc ee s o 1¢
S50 zer0 1260 T80T o8 ez oee  see oz @6z MB60LSYOL NLL69EOY 0062 €@ 600z S000 BSOT  GBLT  9E6T sz eve ese  S9E  ev Lse 0 o8
vo ewo 2520 z&0 Te  szz z6  see 9 ese MOSSSSY( NOEV6ZOV TST6Z ez 600z olE0  veso  meT  zavt S8 ozz 9a  vse .y TE  Te 9
9900 W0 1260 @ vz ov 0w ox  en MOLSSS VO NSBL6ZOV 0ST6Z  £a 600z TS0 0.0 Ssot  aot i@ eve  vee S 15 e 0 ot
a0 ssor  vera s ez vee v  eem  6U MSOLZSVOL NEIBSZOY MGz ea 600z 057 8960 8250  0/Z0 69 e oo e mL  va  oev  se 9
9980 OWYT 0652 0006 ose ez 126 vee  Tov b MIbOOSYOL NLVSLEOY BE6C  €a 600z 590 620 950  OLE0 22l 00 ez ve s sa s oL L6
220 ess0  svsT 99 vz vz See 96y  Tze MOVOBOYOL NOOLOY LA6Z €& 600z 1800 2200 Lo @St 6 ez o e ex  see s oL
¥160 $950 6690 Le9€ e oz esz  zoe @0 ox MSMYSYA  NevivZOv 0Z6Z €4 600z 9030 l0zz o@z aez mzz 8900 vey oes  oz. eew 0L 2ve o0z
6SEE  voSOr Z0L0Z 6szy  0zz  Tece 1ze  oaws  soz MevBeYYOl NevzyvOy oG6z  £a 600z 9050 szvo 60T ez ez o3 s e ze 0 TE
0eE0 1697 60T s. izz o0s6 ese o8 &s MVSYOVO NIBOETOY 006z £a 600z 1990 zuv0  TEO Bx ez 99 S 0 s9e 0 oL
550 €0 9O 68T w ez e see  aw ooz MPPSOSTE NOOiZSOY z606Z  Ea 600z ST 9280 00 6O 66 ez sz S ve e 0 e
12T 9Bv0  OVET 6920 s1 ez e s @ 19 METeVYO  NevESOV Teosz  £a 600z VO 800 1590  OVOO EST o eoz vez s waz ose '8 2L
O vS50  vB0O 650 ve ez oe  ese  ev o 656Vl NG96OSOV 68062 64 600z 1220 6120 wvor  £es Lo o oe  s6  eee  ee  eoe  mx &
680 lseT  vELO 6920 6 e oz 9sc 9. e MIVSOSPOL NS660SOV B806C €4 600z Sz0 ZX0  e@0 8O0 boGEZ o & v tee ee  ese sea el
ToL0 €250  LEL0 0200 oa e ez s & sz MOGSGYYOL NSROZSOV L8062 €4 600z 1980 €200 v60 o086 L az o 6z ove ese zeL L
weo ave lzve esiz 2o oy wee oz. mL  ese MOELESYOl NGSOEZOV Z806Z €4 600z T60 SsY0 100 2600 oSz sx  Tez ez see ee o /8 o
€5v0 O0BZT 1967 LLvE We ez 6 voe  ses  za MGOEOEYA NOOLOVOV 0062 £ 600z v580 80z0 ovsz o o o o e e s @
2860 ©eE0  vELO  L97T T e sz vee  seE T MOEEOEVOL NGOELVOV E9O6Z €@ 600z 1500 ZTO 8600 B0 0SZ ze ez oe s o ToE st 9L
v50 9620 _aro _ese0 99 ezz v s 10w MS6LLEVOL N6ZBBYOY 09062 ___ea 600z _65ET_1e90__EST__ vovt 6oz i @z Ty Soe czs _ese  voz__ve
> [TT ¥4 [0t ¥3]60 ¥3[80 ¥4[£0 ¥4[TTdM[T10d[0TdM [01ad[60dM[600d[80dM [800d [£0dM[£0ad | 80 ¥4 [£0 ¥4[TTdM[TTad[0TdM[0Tad [60dM [600d[80dM [80ad [20dm[£0ad |

(u0D) T'V 81qeL

85



t2zo

2560

MALSYL VO

NBL96Z 0V
NZL69E OF
NErsog 0y
NISoE 0y
Nersesor
NIsesoy
NossLZOV
NegozE Oy
NBGovEDY
N6BSBS OV
NvEsss oY
Nevzos oy
Nogzes Oy
Neesozov

soate.
ooare.
svere
Lvae
ovare
svare
sege
LED)
sosE.
semte
semte
vime
eue
e
some.
soe
tsae
veae
sme
eme
zame
Lome
vsae
6880
L880E
ozs0e
6108
08
2908
00208
0008
zoz62

L2082

svez
6vaoz
vesoz
2500z
9985z

oszze

6mmze

8020

i
o

a6t

1200

5500
6ssviz
6voes

ozeT
aso

oszsz
ovrz

ez
g0
s6e0
8800
or0
652

08z

a0

MOEZZE VO

NEG6ELOY.

exoe

(u0D) T'V 81geL

86



0000 0 YS  MBEBSYYOL NYILSSOY TSEEE £a 0z sero  ee €T MESSIY YOl NPPYOSOv €252 £ oz EVSE LSV 64 MBLLLYOL NESYZEOY 6622€ £a oz

veg8 0 o MOOBIS V0L NEILVZ OV 6ZEEE foxas 0z 80€0 9 ¢S MESSOYYOL NYOV0S 0¥ TLSZE fxas oz aee S99 0L MOLO9V V(L NIZ98YOV 28ZZ€ £a oz
oo e 02 MBBASYI NEILYZOY LZEEE foxas 0z om0 6 18 MESSOYYOE NIGYOS OV  89SZE fxas oz L99%  0E9  SEL MIZLLYOE NOYYZEOY 69ZZ€ £a oz
SLE9  eq Y MLZS99YOl NIVZSOv 68ZEE foxas oz 6€€6 €S9 IO Mz/Z99vOl NIOEZEOV €952 £ oz evse  0Sy IO MUZS9VYOE NL098Y Oy 99ZZ€ €a oz
cve6  SSE 88 MEYS99 VOl NIIWZSOr 98ZEE foxas 0z S8Sad 199 €S MOEYSYOL NSZYSZOv SSSCE £ oz %Sl 8S¢ 8T MYOVY YOl NAJSOv €92Z€ €a oz
€69L S0Z  LZ MOZS99OL NIIYeSOr vBZEE £a 0z 0007 089  OL  MZSEOVOL NOSLSEOV LySCeE £ oz 9FE 999 WZ  MeyISy vl NSYI8Y Oy 09ZZ€ €a oz
S8 8ve L MIYSO9YOL NIYZSO7 EBZEE £a 0z 0000 0 90 AUSZOV YOl NZGZ0SO0v 9vSee £a 0z Lego 8 SS  MS8IYYOL NOSLLY Oy €522€ €a 4
069 ¥87 62 MpES99OL NIIYZSOr Z8ZEE foxas 0z ov6c 887 9% M/BLOVOL NEYSEOr SvScE £a oz asa 89 6V MmeryO  NEvLYOv 2Szee €a 0z
ns9 e L& MBIEBS T NBBSEIO7 ZVZEE foxas 0z €589 OVS S8 M/ZEIOVOL NL6SYEOY 8ESCE £a L4 €90 S¢ ¥S  M8SOZYY(E NOSLLY Oy 0SZZ€ €a 0z
€Ll ¥6  M9BO9EYAL NEYOGYOY YTZEE foxas 0z 0000 0 9% MZEEEI O NL8YYZT OV 9ESTE £a 0z 680CC L8 95 MErIryOL NSGELY OV 6EZZE €a 0z
€L9C 68l ¢S MIILLEVOL N8S66Y 0y 90ZEE foxas 0z 0000 0 8 MOYEE9 O N.L8YYZTOv SESCE £a P4 TS TEY v8  AUGYLYYOL NO9LOEOV ZZE €a 0z
80C9 Ly 2L MGEBEEOT NEBIIY OV LETEE foxas 0z L080 O T MOSEEI O NB8YYZ OV YESCE foxas P4 80ET /80 €M MZzLESYO NO9Y6Z OV OFZE € 0z
cegve 8 9L Mp99OS YOl N99ZOV /ITEE £a 0z vOYT 0€0C 84  MGI99(L  NBGOZEOV TESZE £ oz 8vST  60c  SEL  MEZLESYOL NIIY6Z OV VELZE fras oz
69Tc  0EF  LL  MBSY0S YOl NSO99Z0v GIEE foxas 0z ML6 60YC  8YC  MOL8SIVOL NZELOZOV [ISZE £ o0z 9560 L6 902 MSEEI9VOL  NLZOSK OV ETTTE fras oz
08Y'9 80S 6L  MZOLESYOL NSIZIVOV v962E foxas 0z cvoe see 18 MYVELO VO NIBSYEOY IISZE fxas oz vlye 809 SO M/ESOVYOL N/8Z8YOV 8OIZE fras oz
0000 0 9 MBIBS YOl NIGOLOV  L06ZE foxas Tz 880G €0y 08  AV/EIOVOL  NL6SYEOV EISZE fxas oz 00s0 08 0T MZOveES L NIVEOEOV LLOZE fras oz
0000 0 [4 MESOSSYOE NL09ZG OV S98ZE foxas oz S9Lv SOy S8 MPSEIOVOL NL6SYEOY ZISZE fxas oz 9986 TOM oM MOZZvS YL NSZI90v  GLOZE £a oz
aes T €6 M/9/BEVOL NO9LLY OV 0E8ZE foxas 0z 6vy'9 Shy 69  MOEEI9VOL NL6SYEOY (ISZE foxas oz 1560 v T MOGIESYOL NBIYOE Oy ZL0ZE €a oz
Lav 09 €9 AYOZ9VOL NSIOEEOY [LZ8ZE foxas 0z 880 6l Y9 MerevyvOl NZ.L6vO07 60SZE fxas oz SCOE 98V 28 ME9L8S V(L NG609Z OV TIOZE €a oz
Teya vve 9L MIpSegvOl NS9BSEOV €28ZE foxas 0z ve8'€ L¢9 1 AVEPPYYOL NILG6V OV 80SCE £a o0z 08cy  6LL 2 MIE909 VAL NLLYSZOY S9BLE €a 4
8v0'SC 89 €9 MYSES VOl NZL6SEOV 2Z82€ foxas 0z 69S €y 8  MUBEIOWOL NL6SYEOY LOSCE £a oz Tecte TAT SS M/BYeyyOl NOBELYOY OSEIE €a 4
Ges9 86 19 MU9ZES YO NZYEIZO0v 88LZE foxas 0z 088'€ € €8  MEOEIOVOL NL6SYE Oy 90SCE £a 0z v8v'c  0BE €9 Me6EI9VOL NBIBIOV LYEIE €a oz
€960 ¢S YS  MUOEYSYOL NGBBESOY YTLZE foxas 0z T99T 608 980 MmBL909YOL NZOVEOY B8LYZE £a L4 €eEVLS € € MZS609700 NOZ6IT'0y  0ZEIE €a 0z
€8ce s O MBIYSYO NHMIYSOr 2TLZE foxas 0z aLe  &m M MEAPLLYOL NLTHEOY 99vCE £a P4 0000 0 68 MeEEESY YO NEOMSOr E6E €a 0z
¢890C 088l 94 mM88ZL9W(OT NLOOEEOY TOLZE foxas 0z L8 L0S 2L M#PLLYOL NYERIEOY 9vTE £a L4 &y 1L WY Meyd9YOl NSLZAOY MEE €a 0z
v669 88 LA MBBZLIYAL NITOEEOV 00LZE foxas 0z 9%EY TAl ST MizreE Ol NIGEZZOv TEVZE foxas P4 6cvL 09C  S€  MOOBYS YL NET6YZ OV CGIEIE €a 0z
L99%  ¥¥9 8L Mez88S YOl NLLZ8Y OV 9992€ £a 0z 0000 0 [4 MLOEE VAL NLOZYZOY 8Ivee £ o0z GS€c 0L ¥S  MBOOEY YOl NSBELYOV 968IE fras oz
00560 897  ¥C  MZZEVSYOL NZO9VS OV 9592€ foxas 0z G9v 00€ 99 MOZEEI VOl NLOZVZ OV ZVZE £ oz v60T  8S €5 MGSOSZYYOL NOTLLYOY SBEIE fras oz
8v€9  BY 99 ME/9BS YT N60Z8Y O SS9ZE foxas 0z 0000 0 L9 MIOEEIVO NLOZVZTOV (TvZE £ oz Leso - 6C S5  MS9SZYYL NOLLYOY v6EIE fras oz
00908 &9 02  AYEBYSYOL NL6ZBEOV ZS9ZE foxas 0z 2900 & 26 MY98Z9OVL NATVZ OV YBECE fxas oz €99, 899 /8  M/SOESYOL NSSI9ZOV 08EIE fras oz
S8CEy 0E6S L& MZLE9VOL NISLYOY 8v9ZE foxas 0z 6L9€ TelL 9L MPL9ZOVOL NZIZSEOY GLEZE fxas oz 836l 82L 88  MBEIYGYOL NIZYSZOv 0SELE £a 4
€80 09 TE MEILErvOr NI86YOv  vy9ze foxas 0z TeES  v68 8 \UE09V YOI N6ZOGY OV BSEZE £ oz See 98S V8L MeeSz8 YOl NIBSZSOV  EVEIE €a oz
S080 v Y9 MZzLEvyOE NBB00SOY EV9ZE foxas 0z TEET  S0C  ¥S MmGE09r VOl NYZOBY Oy BSEZE £ oz ago 18 00C  MOBOEGYOL N6WIIZOVy 8LAE €a oz
Q¥L 20d Tk MSSYEV YL NEGZOS OV Zr9TE £a 0z 6650 Lo dT  MEEIST YOl N6O0BY O LSECE £a oz 8891 9i¢ 8d  MyOIE6 YOl NISIZOY  LEAE €a oz
0ve's ¥es 00 mezzeSv NyOSZy Oy 0E9ZE foxas 0z Sl Lldac 6 meIveS YOl NL6ESZ OV ZZECE £a oz T 18 Y8 MGEZIS VAL NZGZSSOv A€ €a 4
000€ 0€9  OIZ  MOS0S9PCE N999OZ OV ¥8SCE foxas 0z %EVC LSLE  YS  MeeyeS YOl NL6ESZ OV YOETE £a L4 seer 09 e MOBBYE YOl NYEIEZ OV  L69IE €a 0z
§99¢C  OS Y6l M8rOSIYaL N¥990Z 07 08SZE foxas 0z veST  8S9 €M MGEE6S YL NL6ESZ OV ZOETE £a L4 8/51 1L Sv Me8YrL v NO996Z0v TLIE €a 02
888 9y L0 MS90S9TOT N89YOZ OV 6LSCE foxas 0z LS§L 26 @ MyOY6eS YL NL6ESZOv TOEZE £a P4 L88T &Y e MB6Y7L Y0l N6IIEZ Oy L9TIE €a 0z
0000 0 600 MESSIYYO NLSYOS OV SLSTE foxas 0z 6SEY  82L LA MTLZZOVOL NEESYZ OV 00ETE £a 0z 8.5C 9 SV MPeYrL YL Np996Z0r S9TTE € 0z
_v__: E_S&s_:n_n__ Suo| _ 1e| _Smu_%_acsslam_;&_v__: E_S&s_:n_n__ 3uo| _ 1e| _Sm-_%_acssuam_;&_v__: ¥4 _:&s_:E_ uo| _ 1e| _cwmu_gm_z:30ul_am__mm>_

(uoD) TV 8|geL

87



Table A.2: Results of produced water analysis of 1,677 vertical wells in Wattenberg field

Operating year Number of wells  Total WP WP/well  Production days WP/well/day

(bbl) (bbl) (bbl)
1 1,677 1,847,953  1,101.940 162 6.802
2 1,494 736,296  492.835 336 1.467
3 1,324 306,487  231.486 339 0.683
4 1,140 175,038  153.542 341 0.450
5 807 141,775  175.682 342 0.514
6 535 01548  171.118 348 0.492
7 374 55,024  147.123 354 0.416
8 243 38,351  157.823 345 0.457
9 138 23375  160.384 349 0.485
10 73 10,410  142.603 338 0.422
11 45 3,395 75.444 322 0.234
12 16 1,351 84.438 339 0.249
13 6 957 159.5 333 0.479

88




175570
0/T°0
600
060°0
651°0
C80°0
790°0
PET0
21700
1200
900
GE0°0
[ZET0
V10
600°0
96070
20T°0
0/T°0
[B.1°0
0ST°0
/80°0
00
£0T°0
2L0°0
£ E0°0
100
090°0
090°0
060°0
91700
3500
0500

9L LI9ZTS
92°60ZF0L
LT'6TFBLT
£4"B00ETE
00°ESZETT
00°096+0T
00°€6ZZ0T
LY FoBTor
TO°L0SEET
BETLCES

00°F965TT
00°FB0FE

CO'BEPRTY
65755661
00°E50E6T
00°58E80E
00°5LT62E
€0'T00002
BTL6BLE9
L2 F06ZoY
9" T006LT
T8'88L6TT
90°ELEQRY
ET'STELET
0T FFB0TT
£6"B668FT
00°9LT6OT
00°9T859T
E0'ZETOWT
00°6/96TT
00"E0EEST
08'FELTST

SE
LE
96
LET
e
s
16
£ET
T4
e
8T
0E
B80T
8
129
6E
il
BT
L
Il
a4
14
6
&r
€
W
1
B8E
£
ST
az
iy

1318 [etoL/ad (e8] yoeqmold 1oL sheqpeqmoly

62L°0
/10
/8070
080°0
2910
£80°0
6000
CET'D
£ €070
02070
19070
0E0°0
FIT°0
P6T°0
02070
8010
9070
6CT'0
65T'0
£FT'0
SZT'0
200
10
1CT°0
£60°0
7200
39070
79070
08070
L €070
/G600
100

€LLE°(BBELD
65526001,
£ 868'S80F9T
ELLTOFTRAT
€SS6IT
199902
£0£90Z
68TTFITLSR
BB09TT

7601 [TS6Y
ETTIIZ
€602
EV6GETETOE
BELT'099559
G6TG6T
66LTTE
TeSTvE
BFCO'CZ08TL
TOT9FELSTY
B L09THR
L8 SFR00R
TZ6EL'0TZ06
BEFLTCEDY
S6T0°FZ9T0R
Y05 TL66LT
BEET'OCSTHT
6BEEGT
EBELBT
BELY'FECOET
996
FOLTST
YIBT'LLFZET

99
Jit]

Sh
8E
£5
£C
8T
6T
62
i
14
Sl
oFT
ag
s
s
TET
01t
T6
T
¥
3]
BLT
89T
ST
s
15
6E
oz
5z
0g

1218 [eto1/a4 (e8] peqmold [eloL sheqyoeqmoly

E18Q |030101d

EJEQ MEY

(x190210'0+T)/E6E6S TE=A
(%68210°0+T)fT2SL 0F=A
(xcrTER0'0+T)/TLSL 29T=A
(*¥BE0CT 0+T) /2685 CET=A
(*92£870°0+1)/5STBT 09=A
(x160TT0'0+T)/TETEY TE=A
(%68¥TT00+T) /206 TE=A
(*x£¥1600°0+T)/LELBR 9T=A
(%9589£9'0+T)/TET L50T=A
(XSTETE0 0+T) /L0829 82=A
(xzeLE00'0+T)/STLOE YE=A
(x196T20°0+T) /60092 "60=A
(¥209ST0 0+T) /55606 Ef=A
(x22Tr00°0+1)/ L2890 6=A
(xe0zZ00+T) fopczT 7Z=A
(x8L1010°0+T)/TE6EY L9=A
(x192¥T0'0+T)/L0zZET 0L=A
(X62T500°0+T)/L0VE9"08=A
(xzerroo o+T)/TE0TE 9r=A
(xgce0T0'0+T)/E8829'6T=A
(¥8TZ6T0°0+T)/E20b9 ¥T=A
(XTE6STO 0+T) fr0st 80=A
(xcZ6ET0 0+T) /LTSS E=A
(*s52600°0+T)/99T6T LT=A
(%£66£00°0+T)/#T000°9T=A
(%££9900°0+T)/866£C 8=A
(xeLyTT0+T)/Seve 9sT=A
(%80v5T0'0+T)/BOE0T"95=A
(X6EEZOT'0+T)/B6E6'LT=A
(xTT2980°0+T)/as6E E6=A
(xz€€100°0+T) /E6TZC 6E=A
(XTOBETO'0+T)/1BLS0"TL=A
puai] 131eM paonpoid

36L'695= A 0¥BYZ6
wea0o 27 T0LT = A 7Z80GEY
azop P TE €91 = A 96Z6TOE
a2 PE 0TT = A yGog0EE
w200 P9E 60T = A ¥TOZTL
o021 8LT = A 8SrEBHT
o 260'8LT = A 9E2T00E
w00 288017 = A ovsiire
0028982 = A 096FHTE
oo 267969 = A Z6ZH0ST
ero0. 27955 = A 0LTOO¥E
a70°es1= A ve6TeET
37517z = A 99781
a5'e8s = A 9gs//gE
wmoo 288 P61 = A vEEE/T
oo 960 68E = A ZZ000ZE
oo 288 7BE = A 0EBBEZE
0o P8 16T = A PTFERSH
oo PCC SET= A 006VT6E
29£°01e = A 2209608
wa00080'68E = A 80//02€
wso0 "8G ETE= A 9EFRLLT
00265857 = A gE8/86T
rsoo.PL FOE = A ¥BESTEE
oo PCS €22 = A 8E6896T
30T'vtZ = A 9ETresT
0025097 = A ZEVOTET
oo R8T LET= A BTRLLLT
3vCerZ = A 8T6THIZ
560102 = A pesTaSE
315z = A Bce000z
9/6'60T = A Zzsacze

ATEDD-

prdiid g

AT

#EE00-

200

*5500-

XTEO O

HESDO-

*3500-

HETO0-

puaipypeqmold  (|e8) sa1em [eroL

TYLINOZIHOH
TYINOZIHOH
TVLINOZIHOH
TYLINOZIHOH
TVLINOZIHOH
IYLINOZIHOH
TYLINOZIHOH
TVLINOZIHOH
TYLINOZIHOH
TYLINOZIHOH
TVLINOZIHOH
TYLINOZIHOH
TYINOZIHOH
IYLINOZIHOH
TYLINOZIHOH
TVLINOZIHOH
TYLINOZIHOH
TYLINOZIHOH
TVLINOZIHOH
TYLINOZIHOH
TYINOZIHOH
TVLINOZIHOH
TYLINOZIHOH
TVLINOZIHOH
IYLINOZIHOH
TYLINOZIHOH
TVLINOZIHOH
TYLINOZIHOH
TYLINOZIHOH
TVLINOZIHOH
TYLINOZIHOH
TYINOZIHOH
adAj [lam

NH89-62
NHGO-TTIVY
NH/9-5T788
NHS9-6188

NHE9-CTd
NHE9-TTd
NH6L-T09
ZHB6-LTH

NHSS-£€

NHE9-00
NH6L-STD
NH6L-22D

ZH66-0E

ZH66-9T

NHEQ-0E

NH6.L-9E

NH6S-9€

ZH86-0Td
ZH66-9Td
NH6-820
ZH66-6T
NHSZ-20d
NHE9-620
ZHB6-EC
ZH66-EC
ZHI6-E23
NHES-LT3V
NHES-9T3V
NHE9-6088

NHLS-TZ

NHES-TZ

NHG3-TZ

Jaquinp [[2m

3 XSM YIUe s[I3m

XSMHINWY STTEIM

XS YIUEY S[IBM

XSN UoueY S|IEM

IBIEM

13YIBM

I3YIBM

2ddn

AHINNYL

AHYIHLS

AFTADOLS

AFTHDOLS

D3IVIS

Q31V1S IAIdS

9 31V1S H3INOCOS

¥V 3LV1IS d13I410HDS

¥ 3LV1S dT3I4T10HDIS

NIFTH

NIFTA

31815 UIsIAUND

0 N3SHILIND

NISHILIND

uasIaPNg

31134

ENIEE]

RIEE]

¥sn Heyusdag

31015 peyuadaqg

XSM HONYY 0L

98 HONVH 0L

99 HONVY 0L

g8 HONYH 0L
3Wen |[PM

FCEEE-ECT-S0
80/EE-ECT-S0
TOTEE-ECT-S0
00TEE-ECT-G0
PLBEE-ECT-S0
0/BEE-ECT-S0
BOBEE-EET-G0
LPLTE-ETT-S0
CO/EE-ECT-S0
BEOEE-ECT-G0
OTFEE-ECT-S0
CTPEE-ECT-G0
PITEE-ECT-S0
TZBTE-ECT-S0
TETVPE-ECT-G0
STEEE-ETT-S0
OZEEE-ECT-S0
TSOZE-ECT-G0
0S9ZE-ECT-50
EZTEE-ETT-S0
60/ZE-EET-G0
OTEEE-ECT-S0
LITEE-ETT-G0
BPOTE-ECT-50
BF9TE-ECT-S0
CBGZE-EET-G0
SPSEE-ETT-S0
OFSEE-ECT-S0
OCCEE-ECT-G0
6LSEE-ETT-S0
LLGEE-ETT-G0
9/GEE-ECT-S0
Idv

P31} B13QUaNIBAA Ul S|JaM [2IUOZIIOY ZE J0) SISA[euR 131em paonpoid pue YIorgmol) de.) Jo s)Nsay 'SV 3|ge.L

89



I0JeM\ POONpPOIJ—Md  oeqMOT] oeI—d

LE6SCOC  TCCVOC €T98'SOC 8YTS'L0C 918T'60C LI98°0TC ¥SSS'CIC 9¢9CVIC 9€86'STC V¥8IL'LTC TL9Y'61C 66CC'TCC 6900°€CC T186L'VCC LEO9'9CC (1e9A/119M/199) dM PaPIPaId
e we e e we e we we e we e we we e we sAep uoipanpoid
I9TTV6S'0 888865°0 669€09°0 87S809'0 9EPVETS0 €9EBTI'0 €EEETI'0 9EEBTI'0 EBEEES'0 /LPBEI'D 66SEVI'0 89/8Y9'0 6L6€S9'0 CEC6S9'0 LISP99°0 (Aep/112m/19q) 2184 UoiINpPOId
Md Md Md Md Md Md Md Md Md Md Md Md Md Md Md adAp sa1em
0€ 6C 8¢ LC 9¢ S¢ 174 €¢C [44 TC 0¢ 6T 8T LT ot 1ed) Sunesado
8ECY'8CC S8SC'0EC €TCE'ICC CPSSTEC €9V'CCC 86L6°SEC CESY'SVC 9Svy'viC 6€8SCSC LCTV'0SC SOLO'0SC Lve6'/89 LB86'0T6T SS9°60TS 8'90TTL (1eaA/[13Mm/199) dM PaRIpaId
e we €ee 6€€ (443 8¢eE 6v€ Sve 13 8vE owe we 6€€ 9ee (&) sAep uoipanpoid
798699°0 S7¢S/9°0 899089°0 9€T989°0 L¥9T69°0 <COCL69°0 CO8COL'0 L¥¥80L'0 LETYIL'O €L861L°0 ¥8YIEL'0 99Y9TO'C ¥SIY9'S 66€0C'ST 6V095°89 (Aep/113m/19q) 33e4 uoidNpoId
Md Md Md Md Md Md Md Md Md Md Md Md Md Md Md+dd adAL 1a1e M
ST 14" el a 1T ()% 6 8 L 9 S 14 € [4 T Jeaj Sunesado

uonoIpald puaJl UoIINPOAd J131eM JB3A-0E [|M [eIUOZIIOH "GV 3]ge.L

6V/569'LT SS6EV'6T TSSSE'TC €09V'€C GSTLL'SC 89CTE'ST LIEOT'TE 6989TVE GEIES'LE TESETTY E€TO0E'SY 6V9L'6V TL699'VS ¥6/S0°09 ¥TLL6°'G9  (1edh/|1am/1qq) dM pawipald

we we we e e we e e e e e e e e e shep uoiponpoid
€6815S0°'0 £00/S0°0 9797900 66/890°0 6/55/0°0 8TOEB0'0 CIZIE0'0 TOCOOT'O L/ZOOTT'O 9Z60CT'0 SYBCET'0 8EGSYT'0 CTEOIT'0 €CTILT'O ¢8vE6T'0  (Aep/l1am/1qq) aies uondnpoid
Md Md Md Md Md Md Md Md Md Md Md Md Md Md Md adAp 1aem
0€ 6C 8¢ Lc 9¢ S¢ 174 €¢ [44 TC (74 6T 8T LT 91 Jeap Sunesado
¥66LY'CL YSEC9'6L S09C'6ST 680CK '8 6909€°'SL L66L°TYT TSOS'69T €EV8LST S¥66'9VT CLYOTLT SET9'SLT E€TT9EST LE9TTET 8Tve'eey v6'TOTT  (deahk/|1am/|qq) dm pawipald
e e €ee 6€€ (443 8€E [§i%3 Sve vse 8ve e e 6c€ 9ee 4] sAep uoiponpoud
TSSCTZT'0  SEET'0  6L68LY'0 8L06YC'0 €VEC'0  TO6TTY'O TYESS8Y'0 8SV/SK'0 C09STY'O SILTEV'0 689€ETS'0 LZOSY'0 6V8C89°0 TLL99%'T £602089 (Aep/l1am/1qq) ares uondnpoid
Md Md Md Md Md Md Md Md Md Md Md Md Md Md Md adApi:em
ST i €l [4" 1T (0] 6 8 L c) S v € i T Jeaj Sunesado

uonoIpald puaJl UuoIINPOAd J31eM JB3A-OF ||oM [eIIISA 7'V d]qeL

90



Appendix B. Uncertainty analysis

B.1. Uncertainty analysis of 1,677 vertical and 32 horizontal wells in

Wattenberg field

In order to model the decline functions of both vertical and horizontal wells in the whole

Wattenberg field, average A and k values of 1,677 vertical wells and average ki, a, A; and C
values of 32 horizontal wells were used. However from Figure 3.2 and 3.4, all decay rate value
(k for vertical well and kj, a for horizontal well) varies spatially in the Wattenberg field, it is

necessary to study the reliability of the water production trends from Equation (1), (2) and (3).

For all 1,677 vertical wells, water production trend for each well was analyzed and fitted to
an exponential decay function. Because there are 438 wells having only one year water
production data (one data point) due to limited data got from COGCC database and another 113
wells have increased water production trends (which did not fit exponential decay function used
in this study), only 1,126 k values of vertical wells were used in this uncertainty analysis. Unlike
the k value, only 153 wells’ A values were selected by random from these vertical wells.
Assuming the distributions of k and A were normal, and for 26 (95%) confidence interval, the z

score was 1.645.
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Figure B.1. Distribution of k and A of vertical wells

For 32 horizontal wells, flowback and produced water curves were all fitted and the

distributions of A;, ki, C and a were analyzed.
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Figure B.2. Distribution of k;, A;, C and a for horizontal wells

Assuming all distributions were normal, and the z score for 26 (95%) confidence interval

was 1.645. Table B.1 shows the 26 (95%) confidence interval for all variables of vertical and

horizontal wells.
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Table B.1. Uncertainty analysis and acceptable range of variables of all wells

k A kq A C a
u 0.1613 1.981 0.0434 264.4 88.8638  0.0447
c 0.0033 0.141  0.0040 194 324282 0.0212
u-1.645¢ | 0.1558 1.748  0.0366 232.3 35,5194 0.0098
u+l.645¢ | 0.1669 2.214  0.0499 296.5 142.208 0.0796

For horizontal wells, because frac flowback only lasts for 61 days, the water production
rate for the first year is the average of 61 days of frac flowback and 101 days of produced water.
Figure B.3 and B.4 show the water production trends with 2c confidence interval of vertical and

horizontal wells in the Wattenberg field.
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Figure B.3. Vertical well water production trend with 26 (95%) confidence interval
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Figure B.4. Horizontal well water production trend with 26 (95%) confidence interval

B.2. Uncertainty analysis of case study of selected wells in northeast

Wattenberg field

In the case study of selected wells in northeast Wattenberg Field, 568 vertical and 12
horizontal wells were included and the same methods of uncertainty analysis were conducted to

these wells. Figure B.5 shows the distribution of k, ki, A, A;, C and a values of all selected wells.
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Figure B.5. Distribution of all parameters of selected wells in northeast Wattenberg field

Also the results of uncertainty analysis and acceptable ranges of variables of selected wells

were shown in Table B.2.

Table B.2. Uncertainty analysis and acceptable range of variables of selected wells

k A K1 Ay C a
u 0.197 2.003 0.042 259.9 142994 0.0772
c 0.016 0.095 0.006 29.70 83.8  0.0452

u-1.645¢ 0.171 1.847 0.032 343.6 5143  0.0029
u+l1.6456 0.223 2.159 0.052 441.4 280.847 0.1516
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Water production trends of these selected wells were shown in Figure B.6 (vertical) and

Figure B.7 (horizontal), with 26 (95%) confidence interval.
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Figure B.6. Water production trend of selected vertical wells in northeast Wattenberg field
with 26 (95%) confidence interval
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Figure B.7. Water production trend of selected horizontal wells in northeast Wattenberg field
with 26 (95%) confidence interval
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Appendix C. 7,486 Noble wells case study data and results

From COGCC database, number of all Noble wells in Wattenberg field and total water
production from 1999 to 2009 was collected. Data for 2010 and 2011 was collected from Noble
Energy Carte® system. The case study was based on the existing data and the prediction was
based on 200 new vertical and 100 new horizontal wells increase each following year. The

summary of data is shown in Table C.1.

Table C.1: Historical and Prediction Data of 7,486 Noble Wells Case Study

Year Nu_mber of N_umber of Total WP I_:’redicted WP Prec_iicted total
vertical wells  horizontal wells without new well WP with new wells
(million
bbl) (million bbl) (million bbl)
1999 113 0 0.020
2000 127 0 0.024
2001 122 0 0.029
2002 174 0 0.024
2003 118 0 0.022
2004 123 0 0.021
2005 3,306 0 0.275
2006 3,768 0 0.824
2007 4,309 0 0.722
2008 4,558 0 0.992
2009 5,862 0 1.063
2010 6,803 0 1.369
2011 7,371 115 3.125 3.125 3.125
2012 7,571* 215* 2.273* 4,238*
2013 7,771* 315* 1.516* 5.352*
2014 7,971* 415* 1.214* 6.466*
2015 8,171* 515* 0.954* 7.580*
2016 8,371* 615* 0.914* 8.694*
2017 8,5671* 715* 1.097* 9.808*

* Predicted Value from 2012 to 2017, with 200 new vertical and 100 new horizontal wells each year
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