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Executive Summary

The objective of this project isto select two hydrocarbon formations in order to:

design casing program and completion for both wells, analyze well logs from those
wells, analyze buildup test data from the wells, perform areservoir engineering study on
both wells to predict the performance of the reservoir, and last to do economical study on
each wells and choose the best wells based on the economical analysis.

For this project, two gas wells were selected in West Virginiaand all available
information were gathered so that casing programs and completion designs can be
preformed on the selected wells. For the first well, the conductor casing 13 3/8” H-40 48
Ib/ft is set at 30 ft, the surface casing 9 5/8” H-40 32.3 Ib/ft is set at 1133 ft, the
intermediate casing 77 H-40 17 Ib/ft is set at 2432 ft, and the production casing 4 2" J
55 10.5 Ib/ft is set at 5987 ft. For the second well, the conductor casing 13 3/8” H-40 48
Ib/ft is set at 36.5 ft, the surface casing 9 5/8” H-40 32.3 |b/ft is set at 786.5 ft, the
intermediate casing 77 H-40 17 Ib/ft is set at 2211 ft, and the production casing 4 %2’ J-55

10.5 Ib/ft is set at 5077.9 ft.

WEell logs for both wells that were selected were analyzed in order to estimate the
reserves. The original gasin place for both wells was calculated using the volumetric
method. The bulk density, porosity neutron, and resistivity of deep induction were read
every two feet in the target formation for each well from the logs and were used in the
calculation of the reserves. Theinitia gasin place was calculated for both wells first by

averaging the original gasin place for the entire proposed formation. Then the origina



gasin place was calculated by averaging the parameters involved in calculating the

original gasin place.

The volumetric method underestimates the gas in place when the rock matrix is
shale because the matrix of this kind of rock contains gas besides the one in the porous
volume. The amount of gas contained in the shale matrix can not be determined by the
volumetric method. Estimation of initial gas in place in shale formation needs special
treatments; however, For practical analysis, the volumetric method is going to be used to
estimate the initial gasin place.

Thefirst well has two pay zones. The first pay zone (4780’ -5280) has an
average porosity of 5.23 % ,average water saturation 40.014 % , and original gasin place
of 6,545,199 (scf/ac-ft). The second pay zone (5710' — 5994) has an average porosity of
5.678 % ,average water saturation 43.221 % , and original gasin place 6,701,346 (scf/ac-
ft). The second well has only one pay zone. The pay zone (4420 — 5020) has an average
porosity of 4.715 % ,average water saturation of 44.507 % , and original gasin place
5,702,171 (scf/ ac-ft).

The permeability, k, skin factor, S* and flow efficiency, E, are determined for the
two gas wells by analyzing the buildup data that were provided by Dr. Shahab
Mohaghegh. A computer program was developed in Fortran to convert pressures to
pseudo-pressures. Then using the Horner method, The permeability, skin factor and Flow
efficiency were determined and the results are tubulated in table(3.3). Theinitial
formation pressure could not be determined because the two wells were assumed not to

be new wells in a new reservair.



Reservoir engineering is concerned particularly with three important aspects:
1. The calculation of the gas deviation factor versus pseudo-reduce pressure for different
pseudo-reduced temperatures. The main purpose of this point was to obtain a plot similar
to the standing-Katz correlation by using any method we fell comfortable with. The
method we used is called the Dranchuck, Purvis and Robinson Method, which fits the
standing- Katz z-factor correlation by means of an eight-coefficient Benedict-Webb-
Rubin type equation of state.
2. The determination of a polynomial equation that fits the viscosity versus pressure plot
for our particular system. For this case, an analytical expression to evaluate the viscosity
of natural gases called the lee, Gonza ez, and Eakin Method (Natural Gas Production
Engineering Book), is used to generate the viscosity versus pressure plot.
3. Pressure profile (pressure Vs time) had to be generated using the line-source solution
of the diffusivity equation in terms of Pseudo-pressure. In this case several assumption
had to be done:
- The system behaves as infinitely large during the period of time covered (seven

years).

- Theinitia pressure (Pi) is uniformly distributed through out the reservaoir.
The line-sours solution was approximated with the logarithmic approximation, sinceit is
almost always valid for transient analysis.
An abandonment pressure was assumed having the criteria of 100 psia/1000 ft, which is

reasonable for asmall fields. The purpose here was to produce a sustained constant flow



rate (the maximum flow rate) for a period of seven years. The procedure followed to

calculate this maximum flow rate was:

a) Assume aflow rate range.

b) Calculate a pressure profile for each flow rate.

- ahigher flow rate than the optimum flow rate will give us an abandonment pressure
leas than the one we assumed by the year seventh.

- alower flow rate than the optimum flow rate will give us an abandonment pressure
greater than the one we assumed by the year seventh.

- the optimum flow rate will be the one that will give us the abandonment pressure be
the year seventh.

c). If with the flow rate range assumed in part a, the optimum flow rate is not obtained,

the flow rate can be change and follow the procedure again.

After al the necessary calculations have been made and the result were obtained,
a comparison between the two wells were made to determine which well is more
profitable. A simple Monte Carlo simulator were developed in visual basic to determine
the probability distribution of anticipated rate of return for wells. The discount cash flow
rate of return for the first well was determined to be 75 % where for the second well the
discount rate of return is determined to 50 %. As aresult of this economic analysis, well

number one is chosen.
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I ntroduction

This project deals with five aspects of petroleum engineering which are designing
casing program and completion, analyzing well logs, analyzing well test data, prediction
of reservoir performance, and economic analysis. Let us briefly introduce the five aspects

of our project.

Casing Design

Casing serves severa important functionsin drilling and completing awell. 1t
prevents collapse of the borehole during drilling and hydraulically isolates the wellbore
fluids from the subsurface formations and formation fluids. It minimizes damage of both
the subsurface environments by the drilling process and the well by a hostile subsurface
environment. It provides a high-strength flow conduit for the drilling fluid to the surface
and, with the blowout prevents (BOP), permits the safe control of formation pressure.
As the search for commercial hydrocarbons deposits reaches greater depths, the number
and sizes of the casing strings required to drill and to complete awell successfully also
increases. Casing has one of the most expensive parts of adrilling program; studies have
shown that the average cost of tubular is about 18 % of the average cost of a completed
well. Thus an important responsibility of the drilling engineer is to design the least
expensive casing program that will allow the well to be drilled and operated safely

throughout its life.



Well L ogging Analysis

Petrophysical characteristics of the subsurface can be estimated using
information from geophysical logs. The diversity and accuracy of the estimates depends
upon the number of logs available. Aslogging tools are being pulled up in the well, their
sensors are measuring certain physical properties of formations. These measurements-
recorded on long strips of paper and, digitally, on magnetic tapes-are called well logs. A
few dozen different logs can be run today, including such measured properties as
resistivity or conductivity of the rocks, intensity of natural radioactivity, electrical
potentials existing in the well, and velocity of sound waves.

The task of the log analyst, after all measurements have been collected, isto
determine the presence and amount of hydrocarbons in the well. It isaso important to
determine various characteristics such as permeability and the types of minerals present
in the producibility of hydrocarbons. Thus, many parameters can be computed from well
logs. In this project, the well logs for the selected wells are analyzed in order to estimate
the gas reserves. Several log have run through the two selected well (such as gammaray

log, density log, resistivity log, and temperature l0g).

Well Test Analysis

The pressure buildup test is the most commonly used pressure transient test. This
test requires that a producing well be shut in and the resulting increase in formation face

pressure be measured as a function of shut-in time. It is assumed that the test well was



produced at constant formation face rate for atime, tp, prior to being shut in. shut-in time
is denoted by the symbol t.

The Advantage and Disadvantage of the Buildup Test:

The advantages:

1. The problem of rate control, which is the greatest disadvantage of flowing tests, is
eliminated since the well is shut in during the test.

2. Weéllbore storage can be reduced, or eliminated, by using a bottomhole shut-in device

3. Average pressure within the drainage volume of the shut-in period.

4. Thetest can be used on wells with certain types of artificial life where subsurface

pressure measurements would be difficult to obtain under flowing conditions.

The disadvantages:

1. Lossof production during the test.

2. Redistribution of fluids in the wellbore during shut-in can make analysis of some data
difficult, or impossible, if a bottomhole shut-in device is not used.

3. Waéll can sand up, or experience other mechanical problem, during shut-in.

4. Requires areasonably constant rate for a period of time prior to shut-in.

5. The pressure buildup test is atwo- rate test; accordingly, superposition methods must

be used to evaluate the data.

Prediction of Reservoir Performance

This petroleum area shares the distinction with geology in being one of the great
“under ground science” attempting to describe what occurs in the wide open spaces of the
reservoir between sparse points of observation the well. Reservoir engineering is a

complex subject for two reasons:



a) We never see enough of the reservoir we are trying to describe. Therefore, it is
difficult to define the physics of the system and, therefore, select the correct
mathematics to describe the physics with any degree of certainty.

b) Even having selecting a sensible mathematical model, there are never enough
eguations to solve for the number of unknowns involved. The later problem extends
across the broad spectrum of the subject, from material balance application to well
test interpretation and leads to an inevitable lack of uniqueness in describing
reservoirs. Given the basic limitations, the only approach to the subject must be one
of simplicity, in fact the basic tenet of science: There are two ways to account for a

physical phenomenon, it isthe simpler that is the more useful.

Economic Analysis

Economic analysisis one of the most important parts of any design and in most
of the time economic analysisis the decision-maker. In this project, Monte Carlo
Simulation method is used to evaluate the economic conditions of the two wells. A
simple simulator was developed in visual basic to determine the probability distribution
of anticipated rate of return. Discount cash flow of return will be the yardstick in the

comparison of the two wells.
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Back Ground and Geological | nfor mation

Thefirst well isagaswell. It islocated in Sylvester quadrangle at latitude of 520

feet south of 38° 05 07, and alongitude of 9380 feet west of 81° 30' 0" in

Kanawha County, WV. The well is owned and operated by the Eastern American Energy
Corporation. The well has a depth of 5967 ft. The first pay zone formation of Rhinestreet
lies at adepth of ( 5994.5 —5710) ft, and the second pay zone formation of Java, and
Basal Lower Huron lies at a depth of (5280 — 4780 ) ft. The well hasinitial gas flow of
237 MCF/D and fina open flow of 211 MCF/D. The static rock pressure of the well is
725 psig.

®  Proposed target formation: Devoian shale
® Initial Open test : 237 MCF/d
®  Final Open test: 211 MCF/d

®  Time of open flow between initial and fin
test tests 15 hrs.

Pay Zone 1

® Static Rock Pressure: 725 psig @ surface
Pay zone 2 pressure after 24 hrs,
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The second wel! is&so agaswell. It islocated in the Eskdale quadrangle at a latitude of
11430 feet south of 38° 07° 30", and alongitude of 10640 feet west of 81° 27 30" in
Kanawha County, WV. It is owned and operated by the same company that owns the first
well. The well has a depth of 5185 ft. The pay zone formation of Java and Basal Lower
Huron lies at a depth of ( 5018.5—4419.5) ft. The well has initial gas flow of 189
MCF/D and final open flow of 133 MCF/D. The static rock pressure of the well is 725

psig.

Proposed target formation: Devonian shale.
®  Pay Zone: 4419- 5018 (ft)

® Initial Open test : 189 MCF/d

®  Final Open test: 133 MCF/d

Time of open flow between initial and final
test tests 15 hrs.

Static Rock Pressure: 725psig @ surface
4419’ pressure after 24 hrs,

LA
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Well L ocations

Well 1
Kanawha County

Well 2
Kanawha County

State of West Virginia

13



Devonian Regional Setting

The in-place natural gas resource from the Devonian shale of the eastern Unite
States has been estimated to be between 277 and 900 trillion cubic feet (Tcf). The
Devonian shale reservoir containing this resource underlies an area of approximately
275,000 sguare miles within the confines of the Appalachian, Michigan and Illinois
basin. The regional setting of the three basins within the area of the eastern United States
shown on (figure 1) page 15. Although deposition in the three basins was not contiguous
throughout Devonian time, each of the basins was a site for accumulation of thick
deposits of high organic black muds during Middle and Late Devonian time. The high
organic content the black muds which lithified into the black petroliferous shaesis
considered to be the source for the matrix gas now trapped in the Devonian shales and
sandstones as well as for the free gas found in areas of secondary fracture porosity within

the Appalachian basin.

Facts about the Devonian Shale

The Late Devonian-age dark shales of the Eastern Interior Basins contain a
prodigious amount of natural gas underlying thousands of square miles of the United
States. This potential gas source is of great economic interest because of its proximity to
major concentrations of energy-consuming industrial and population component centers.
However, the gasis so tightly held in the shal€'s low-permeability, low-porosity pore
network that it does not currently constitute an economically attractive drilling target for

gas explorationists or producers.
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Although, the Late Devonian-age dark shales of the Eastern Interior basins are
thought to be uniformly gassy. Organic geochemical studiesin the Appalachian, and
Illinois Basins show that the gasis not uniformly distributed and that most of the gasis
probably sourced and largely retained in thin, organic-rich zones that were deposited in
restricted marine environments. These restricted conditions occurred intermittently as the
basins subsided and the structural highs were periodically uplifted and shed their
sediments and detrital organic matter. As the Devonian-age basin filled, the environments
of deposition of the Appalachian Basin and Illinois Basin became non-marine more and

more northerly and northwestwardly, respectively.

Distribution of gas-bearing Devonian-age shales in the eastern Unites States

Figure 1
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Casing serves severa important functionsin drilling and completing awell. 1t
prevents collapse of the bore hole during drilling and hydraulically isolates the well bore
fluids from the subsurface formations and formation fluids. It minimizes damage of both
the subsurface environment by the drilling process and the well by a hostile subsurface

environment. It provides a high-strength flow conduit for the drilling fluid to the surface and,

with the blowout prevents (BOP), permits the safe control of formation pressure.

As the search for commercial hydrocarbons deposits reaches greater depths, the
number and sizes of the casing strings required to drill and to complete awell
successfully also increases. Casing has one of the most expensive parts of adrilling
program; studies have shown that the average cost of tubular is about 18 % of the average
cost of acompleted well. Thus an important responsibility of the drilling engineer isto
design the least expensive casing program that will allow the well to be drilled and
operated safely throughout its life.

The four general casing strings run in awell are conductor, surface, intermediate, and
production. These may be run to different depths, and one or more may be omitted. Two
or perhaps three strings may be used (such as two strings of intermediate casing.). they

may be run as liners or in combination with liners.

Conductor. The main purpose of this casing isto hold back the unconsolidated surface

formations and prevent them from falling into the hole. This could result in additional
drilling time and possible loss of the lower hole. The conductor also provides aflow line

to return the mud to the pits and a base or partial support for the suspended weight of the
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other casing string. The conductor is generally alarger-diameter pipe, commonly from 9

5/8 to over 30-in. diameter, and is usually set at depths of 20 to 1,000 feet.

Surface Casing. The surface casing serves various purposes. It holds back

unconsolidated shallow formations that can fall into the hole and cause problems similar
to those in the conductor hole. It cases off or isolates shallow water zones to prevent
contamination from the deeper horizons (usually in accordance with government
regulations). Surface casing provides a back-up or relief outlet for the next inner casing
string in case the string ruptures. It acts as a base to support the suspended weight of the
subsequent casing strings. Surface casing is usualy 8 5/8 to 13 3/8-in. diameter, set at

depths of 300 to 5,000 feet and cemented to the surface.

I ntermediate. Intermediate or protective casing is set at intermediate depths between

the surface and production casing. The main reason for setting intermediate casing is to
case or shut off a hole condition that will prevent the well from being drilled safely to

total depth. The most common reason to shut off lost circulation zones, especially when
higher-pressure zones are expected at deeper depths. It also used to isolate troublesome

shales, shallow gas flow, or water flows. These can hinder or prevent deeper drilling.

Production. Production pipe or the long string is set through the prospective

productive zones except in open-hole completions. It usually designed to hold the

maximum shut-in pressure of the producing formations and may be designed for
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stimulating pressure during completion. When two intermediate casing strings have been
run and hung in the bottom of the drilling liner. The drilling liner is extended back to
surface with tie-back completion (production) casing. In this case the drilling liner then

becomes part of the completion casing.

Well L ogaging Tolls:

All onshore well logging operations utilize similar surface equipment systems for a
wide variety of downholetools. Variations, however, are present between these and
offshore systems, which consist of a permanently mounted equipment assembly. In each
case, the same surface equipment can be used for any electrically operated, wire-line tool

by changing the control panel connections in the logging unit.

Well Setup. Three basic setups are used, depending on the wellsite and type of
downholetool. Thefirst iswhen the drilling rig is still on location. Figure 1 givesa
basic diagram of the setup. From the logging unit, the cable is threaded through the
lower sheave, which is anchored to the rig floor, and up over the upper sheave hanging
from a strain gauge (weight indicator) which is coupled to the traveling block. The
second and third setups are when the drilling rig has been removed from the wellsite.
Using large, heavy tools requires a mast over the hole so the tool can beraised to a
vertical position. A portable hydraulic mast is usually used for this purpose. Finally,
small, easily handled downhole tools can be run into the hole ssmply by setting up a

single sheave at the wellhead.
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Logging Unit. The logging unit is the control center for al well logging operations. A
unit can be either truck, barge, or platform-mounted for offshore operations. It contains a
control panel for monitoring al logging activities, from moving the tool to recording
data. More recently, sophisticated computers have enhanced the ease with which the
engineer may operate the logging procedure.

Hoisting Equipment. The hoisting equipment required for well logging operations

includes a power source, hoisting drum, and power supply. The power supply, which
operates the the hoisting drum, is a variable-displacement hydraulic pump with a
reversible hydraulic motor either electrically or gasoline operated.

Cable Construction. A typical logging cable consists of seven rubber-insulated

symmetrically spaced stranded copper wires with a cloth-braid wrapping separating the
conductors from the outer steel jackets (see Figure 2). Usually, a seven-conductor cable

isused for electrical-logging operations, and a one- or three-conductor cable for

TYPICAL LOGGING CABLE

S ————t—-—r"r7v //é
Inner Wrapping

Juter steel jacket steal jacket Copper
wires

Figure 2

Typical downhole logoing tool
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Main components of a Lypical {downhole) logging tool are as followsa:
a. Sonde
b. Cartridge
<. Head
d. Bridle
=. Weak Point
f. Wire Line
E. Drwam
h. Brushes., FPanels and Recorder
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perforating. The number of conductors depends on the number of applications on the

downhole toal.

Types of L ogs

The Gamma Ray L ogs

The GR is a measurement of the natural radioactivity of the formation. In sedimentary
formation the log normally reflects the shale content of the formations. Thisis because
the radioactive elements tend to concentrate in clay and shale. Clean formations usually
have a very low level of radioactivity, unless radioactive contaminant such as volcanic
ash or granite wash is present or the formation waters contain dissolved radioactive salts.

The GR log can be recorded in cased wells, which makes it very useful as a correlation
curve in completion and workover operation. It is frequently used to complement the SP
log and as substitute for the SP curve in wells drilled with salt mud, air, or oil-based
muds. In each casg, it is useful for location of shales and nonshaly beds and, most

importantly, for genera correlation.

Applications

The GR is particularly useful for defining shale beds when the SP is distorted (in
very resistive formations), when the SP is featureless (in freshwater-bearing formations
or in salty mud; i.e., when Rmf » Rw), or when the SP cannot be recorded (in
nonconductive mud, empty or air-drilled holes, cased holes). The bed boundary is picked
at a point mid way between the maximum and minimum deflection of the anomaly.

The GR log reflects the proportion of shale and, in many regions, can be used

guantitatively as ashaleindicator. It isalso used for the detection and evaluation of
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radioactive minerals, such as potash or uranium ore. Its response, corrected for borehole
effect, is practically proportional to the K20 content, approximately 15 API units per 1
percent of K20. The GR log can also be used for delineation of non -radioactive
minerals.

Thistraditional correlation log is part of most logging programs in both open and
cased hole. Furthermore, because it is readily combinable with most other logging tools,
it permits the accurate correlation of logs made on one trip into the borehole with those

made on another trip.

Density logs

Density logs are primarily used as porosity logs. Other uses include identification of
minerals in evaporate deposits, detection of gas, determination of hydrocarbon density,
evaluation of shaly sands and complex lithologies, determinations of oil-shale yield,

calculation of overburden pressure and rock mechanical properties.

Principle

A radioactive source, applied to the borehole wall in a shielded sidewall skid,
emits medium- energy gamma rays into the formations. These gamma rays may be
thought of as high- velocity particles that collide with the electrons in the formation. At
each collision agammaray loses some, but not al, of its energy to the electron, and then
continues with diminished energy. This type of interaction is known as Compton
scattering. The scatted gamma rays reaching the detector, at afixed distance from the

source, are counted as an indication of formation density. The number of Compton-
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scattering collisions is related directly to the number of electronsin the formation.
Consequently, the response of the density tool is determined essentially by the electron
density (number of electrons per cubic centimeter) of the formation. Electron density is
related to the true bulk density, r b, which, in turn, depends on the density of the rock

matrix material, the formation porosity, and the density of the fluids filling the pores.

Mudeake

( |:E‘m|:. hl'i-::})

1 HER-RS

Schematic drawing of the dual spacing formation density logging device
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Neutron logs

Neutron logs are used principally for delineation of porous formation and
determination of their porosity. They respond primarily to the amount of hydrocarbon in
the formation. Thus, in clean formation whose pores are filled with water or ail, the
neutron log reflects the amount of liquid-filled porosity.

Gas zones can be often be identified by comparing the neutron log with another
porosity log or a core analysis. A combination of the neutron log with one or more
porosity logs yield even more accurate porosity values and lithology identification-even

an evaluation of shale content.

Principle

Neutrons are electrically neutral, each having a mass almost identical to the mass of a
hydrogen atom. High —energy (fast) neutrons are continuously emitted from a radioactive
source in the sonde. These neutrons collide with nuclei of the formation materials in what
may be thought of as elastic “hilliard-ball” collision. Whit each collision, the neutron
loses some of its energy.

The amount of energy lost per collision depends on the relative mass of the nucleus
with which the neutron collides. The greater energy loss occurs when the neutron strikes
anucleus. Collisions with which the neutron strikes a nucleus of practically equal mass—
i.e., ahydrogen nucleus. Collisions with heavy nuclei do not slow the neutron very much.
Thus, the lowing of neutrons depends largely on the amount of hydrogen in the

formation.
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Within a few microseconds the neutrons have been slowed by successive collisions
to thermal velocities, corresponding to energies of around 0.025 eV. They then diffuse
randomly, without losing more energy, until they are captured by the nuclel of atoms
such as chlorine, hydrogen, or silicon.

The capturing nucleus becomes intensely and emits a high-energy gammaray of
capture. Depending on the type of neutron tool, either these capture gamma rays or the

neutrons themselves are counted by detector in the sonde.

When the hydrogen concentration of the material surrounding the neutron source is
large, most of the neutrons are slowed and captured within a short distance of the source.
On the contrary, if the hydrogen concentration is small, the neutrons travel farther from
the source before being captured. Accordingly, the counting rate at the detector increases

for decreased hydrogen concentration, and vice versa.

Induction logs

The induction-logging tool was originally developed to measure formation resistivity
in boreholes containing oil-base muds and in air-drilled borehole. Electrode devices did
not work in there nonconductive muds, and attempts to use wall-scratchier electrodes
were unsatisfactory.

Experience soon demonstrated that the induction log had many advantages over the
conventional ES log when used for logging wells drilled with water-base muds. Designed
for deep investigation, induction logs can be focused in order to minimize the influences

of the borehole, the surrounding formations, and the invaded zone.
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Principle

Today’ s induction tools have many transmitter and receiver coils. However, the
principle can be understood by considering a sonde with only one transmitter coil and one
receiver coil Fig (3).

A high-frequency alternating current of constant intensity is sent through a
transmitter coil. The alternating magnetic field created induction currents in the formation
surrounding the borehole. These currents flow in circular ground loops coaxial with the
transmitter coil and create, in turn, a magnetic field that induces a voltage in the receiver
coil.

Because the adternating current in the transmitter coil is of constant frequency and
amplitude, the ground loop currents are directly proportional to the formation
conductivity. The voltage induced in the receiver coil is proportional to the ground loop
currents and, therefore, to the conductivity of the formation.

Thereisaso adirect coupling between the transmitter and receiver coils. Using
“bucking” coils eliminates the signal originating from this coupling. The induction
tool works best when the borehole fluid is an insulator-even air or gas. The tool also
works well when the borehole contains conductive mud unless the mud is too salty. The

formations are too resistive, or the borehole diameter istoo large.
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Theory
The approach that were used in this project for casing and completion, well logs analysis,
buildup test data analyzing, prediction of reservoir performance, and economic analysis

as follows:

Casing Design

Casing Design Criteria

The design of a casing program begins with specification of the surface and bottomhole
well locations and the size of the production casing that will be used if hydrocarbons are
found in commercial quantities. The number and sizes of tubing strings and the type of
subsurface artificial lift equipment that may eventually be placed in the well determine
the minimum ID of the production casing.

To obtain the most economical design, casing strings often consist of multiple sections of
different steel grade, wall thickness, and coupling types. Such acasing string iscalled a

combination string.

Selection of Casing Setting Depths

The selection of the number of casing strings and their respective setting depths
generdly is based on a consideration of the pore-pressure gradients and fracture gradients
of the formations to be penetrated. The pore pressure gradient and fracture gradient are
expressed as an equivaent density, and are plotted vs. depth. Normally, pore pressure
average about 0.46 psi/ft and range from as low as 0.25 psi/ft to over 1.05 psi/ft. Fracture
gradient normally exceed the pore pressure by afew Ib/gal. Pressure gradients are

relatively constant over long interval. When this occurs, the interval can be drilled with a
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relatively constant mud weight. Frequently, the pore pressure gradient increases with

depth. This normally requires an increase in the mud weight.

Sdlection of Casing Sizes

The size of the casing strings is controlled by the necessary ID of the production
string and the number of intermediate casing strings required to reach the depth objective.
To enable the production casing to be placed in the well, the bit size used to drill the last
interval of the well must be dlightly larger than the OB of the casing connectors. The
selected bit size should provide sufficient clearnace beyond the OD of the coupling to
allow for mud cake on the borehole wall and for casing appliances, such as centralizers
and scratchers. The bit used to drill the lower portion of the well also must fit inside the
casing string above. This, in turn, determines the minimum size of the second-deepest
casing string. With similar considerations, the bit size and casing size of successively

more shallow well segments are selected.

Selection of Weight, Grade, and Couplings

Once the length and OD of each casing string is established, the weight, grade,
and couplings used in each string can be determined. In general, each casing string is
designed to withstand the most severe loading conditions anticipated during casing
placement and the life of the well. The loading conditions that are always considered are
burst, collapse, and tension. To achieve a minimum-cost casing design, the most
economical casing and coupling that will meet the design loading conditions must be

used for all depths because casing prices change frequently. In general, minimum cost is
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achieved when casing with the minimum possible weight per foot in the minimum grade

that will meet the design load criteriais selected.

Well L ogging Analysis

The main method that was used to determine the origina gasin place for the two

wells that were selected is by using the VVolumetric Method.

Volumetric M ethod

This approach is used early in the life of the reservoir (For instance, before 5 % of the
reserves have been produced). The simplest form of the equation for the volumetric

method that assumes a homogeneous, iSotropic reservaoir is:

G =(43560) (A) (h) (f)(1-Sw) (1 Bg) Eq.(B1)
Where:

G =origina gasin place, scf
43560 = conversion factor: square ft per ac
A =reservoir productive area, ac, h = net Thickness ft,
f = porosity, fraction,
Sy = average water saturation, fraction, and
Bgi = initial gas formation volume factor, res. cu ft / scf.

Bgi=0.0283zT/P Eq.(B2)
Where:

Bgi = initial gas formation volume factor, res. cu ft / scf
Z = deviation factor
T = temperaturein R
P = pressurein psia
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Notice here that By isthe initial gas formation factor. It is assumed that the pressure

base, Psc, is 14.7 psia and temperature base, Tsc, is 520 R.

The volumetric method underestimates the gas in place when the rock matrix is shale,
since the matrix of this kind of rock contains gas besides the one in the porous volume.
The amount of gas contained in the shale matrix can not be determined by the volumetric
method. However, for practical analysis the volumetric method was used to estimate the

original amount of gasin the porous media.

Deter mination of Por osity

Porosity is a measure of the void space within arock. It indicates what fraction of
the rock volume could contain oil or gas. Porosity for both wellsis calculated using the

following equation: -

F=[rm-rB)+FN]/rm Eq.(B3)
where:
F = Porosity, fraction
F N = Neutron Porosity, fraction

rm = matrix Density (g/cc)
r B = Bulk Density (g/cc)

Valuesof F andr g are read from the logs for both wells.

Determination of Water Saturation

Water saturation for both wells is determined by using the Apparent Water

Resistivity method. The following equations were used to determine the water saturation:

Rp=Rt Eq.(B4)
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Fr= 1/ (F? Eq.(B5)

Rw= R/ FRr Eq.(B6)

| =R/ Ru min Eq.(B7)

sw=1/(1)° Eq.(B8)
Where:

Sw = water saturation (%)
Fr = formation resistivity factor
Rw =resistivity of water
R = resistivity of uninvaded formation
| = resistivity index

Buildup Test Analysis

A pressure buildup test is the simplest test that can be run on agas well. If the
effects of wellbore storage can be determined, much useful information can be obtained.
This information includes permeability, K, apparent skin factor, S, average reservoir
pressure, and flow efficiency. Generally, there are several methods of analysis that can

beused to analyze the buildup test data.

P2- Method

This method is subjected to three major limitations:

1) Itisassumed that pressure gradient around the wellbore of the test well are small.

2) Laminar flow is assumed, where most gas wells experience turbulent flow to some
degree.

3) The i1Z product is assumed to be constant. This effectively limits the application of

this method to pressures less than 2000 psia.
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Therefore, this method of analysisis not going to be used to analyze the build-up data of

the two wells.

Real Gas Pseudo-Pressure M ethod, m(p)

In 1966, Al-Hussainy introduced the concept of the real gas pseudo-pressure, m(p). This

function is defined as:

M@P)=2 _p dp, ps’/cp
iz

where 1z are function only of pressure.
Since 1 and z are integrated as a function of pressure, there are no limits on the pressure
range. It is also important to observe that it does not contain the limitation that pressure
gradients must be small.

In this project, the rea gas pseudo-pressure method would be used to analyze the
buildup test data. Therefor, a computer program is developed in Fortran to convert

pressure to pseudo-pressure.

Real Gas Pseudo-Pressure M ethod

The relationship between p and m(p) can be obtained using the following procedure:

1- Determine viscosity and z as function of pressure for the entire range of pressures
involved in the test analysis. Pressure increments of 50-100 psi are normally adequate.
2- Compute 2p/Dz for each pressure in step 1.

3- Compute m(p) as afunction of pressure using numerical integration. In order to
compute the value of m(p) at some pressure pl it is necessary to compute the area under

the curve between pl and p2. Thisarea, Al isequa to
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A=02p/ nz dp

If the pressure increment, pl- p2 is sufficiently small, the area can be assumed to be a

trapezoid. The values of m(p) at other pressure can be determined in a similar manner.

The Z factor was calculated using Dranchuk, Purvis and Robinson Method (1974).
The Z factor equation is:

Z=1+(A1+A2T,+A3T3)r,+(A4+A5T)r2+(A5A61r "5/ T, eq(cl)
+A7r2/ T3 (1+ A8r 2)exp(-A8r2)

Where:
rr =027 Pr
ZT,
Al =0.31506237 A4 =0.53530771 A7 =0.68157001
A2 =-1.046709.90 A5 =-0.61232032 A8 = 0.68446549
A3 = -0.57832729 A6 =-0.10488813

The following method will be used to calculate the viscosity as a function of pressure:
Lee, Gonzalez and Eakin method.
This method does not include corrections for impurities, and values obtained

would be corrected for pure hydrocarbon gases. The empirical equations for viscosity is

my = K * 10™-4 exp(Xr g’\Y) eg(c2)
where

K= (9.4 + 0.02M)T>)
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209+ 19M + T

X =35+ 986 + 0.01M

Y=24-02X

In these egs., my=cp, r g= g/cm3, M = molecular weight of gas, and T = R

The delta pseudo-pressure m(p) was calculated with the formula:
Dm[p] = m[Pws] — m[Pwf]

Horner Analysis

The horner buildup test equation written in terms of m(p) is:
m(psw) = m(pi) —[(1637 qT / kh). Log ((tp + At) / At)] Eq.(c3)
Where:
m(psw) = formation face pseudo-pressure at shut in time At, psia.
m(pi) = initial pseudo-pressure, psia
g = flow rate, Mscf / D.
T = temperatre, R.

k = permeability, md.
h = formation thickness, ft.

The theory used to analyze pressure buildup test data assumes the test well
flowed at constant rate for a time tp before being shut in. tp is generally

computed using the following equation:

tp = cumulative volume produced since last pressure equalization
Constant rate just before shut- in



According to Eq.c3, buildup data plotted as m(pws) versus ((tp + At) / At) on a

semi log paper should yield a straight line during transient flow with a slope equal

to
m = |: 1637 gT] eg. (c4)
kh

Deter mination of permeability

[ 637 :| eq.(ch)

Deter mination of skin factor

S =1.151] m(pws) —m(plhr) -log k + 3.23 ] eq.(c6)
m 6 1% Ct* rwh2

where 1* and Ct* are evaluated at p*.

Deter mination of flow Efficiency

E= m(p*) — m(pws) — Am(p)s eg.(c7)
m(p*) —m(pws)

where;

Am(p)s =-0.87ms

m = dop, (psizlcp)/ cycle.
S= skinfactor.
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Prediction of Reservoir Performance

It is possible to define four major activitiesin reservoir engineering, which are:

Observation

Assumption

Calculation

Development Decision
And this can be described as follows:
The observation activities include the geological model, the drilling of wells and data
required in each: cores, logs, tests, fluid samples. Following the start of field production,
the oil, gas and water rates must be continuously and accurately monitored together with
any injection of water and gas. Frequent pressure and production logging surveys should

also be conducted through out the lifetime of the production.

Once the data has been collected and verified, the engineer must interpret them
very carefully and collect them from well to well through out the reservoir and adjoining
aquifer (if any). Thisisamust delicate phase of the whole business of understanding
reservoir, in which it can prove dangerous to rely too much on automated techniques.

Having thoroughly examined and collated all the available data, the engineer is
usually obligate to make a set of assumptions concerning the physical state of the system
for which an appropriate mathematical description must be sought. For instance:

- Theoil or gasreservoir isor not effected by natural water inflow from an adjoining

aquifer.
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- Therewill or will not be complete pressure equilibrium across the reservoir section
under the depletion or water drive conditions.

- Thelate-time upward corrective of pointsin a pressure build up survey result from:
the presence of faults, dual porosity behavior or the break out of free gas under the
well bore.

The assumptions are a crucia step in practical engineering, so much that once they
have been made that is effectively the end of the reservoir engineering. The third activity,
calculation, is entirely dependant on the nature of the assumptions made as is the fourth,
development decisions, which rely on the results of the calculations. It is therefore
necessary to be extremely cautious when making physical assumption and the most
convincing reservoir study are those containing the least numbers.

The above mentioned give us an idea what is reservoir engineering.

Our project specifically is concerned with three aspects of reservoir engineering
and will be discussed as follows:
The first aspect will be to generate the graph of compressibility factor versus pseudo-
reduced pressure for different pseudo- reduced temperature.
The second aspect will be also to generate a graph, but this time viscosity versus pressure
for the particular gas we are dealing with and then fit it into a polynomial.
In this part of the project, (the third aspect), The real gas potential approach will be used
to predict the pressure profile of our two wells for the next seven years.

The following assumption are made:
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A. We are working for a company that is involved in a contract that obligates us to

provide a certain flow rate for a minimum of seven years.

B. A reasonable abandonment pressure.

C. Thereservoir will act asit isinfinitely large during the seven years

Let us examine in details how are we going to deal with these three aspects:

- Compressibility factor ver sus pseudo-reduced pressure for several

pseudo-reduced temper atures.

The following method will be used:

Dranchuk, Purvisand Robinson Method (1974).

This method fits the standing-Katz Z-factor correlation by means of an eight-coefficient

Bendict-Webb- Rubin type equation of state.

The Z factor equation is:

Z=1+(Al+A2T,+A3TAr, +(Ad+A5T)r 2+ (A5A6T5) T, eq.(D1)

+A7r 2/ T3 (1+ A8r 2)exp(-A8r2)

Where:
rr =0.27 Pr
ZT,

A4 =0.53530771
A5 =-0.61232032
A6 =-0.10488813

A1l =0.31506237
A2 =-1.046709.90
A3 = -0.57832729

A7 =0.68157001
A8 =0.68446549

A program will be made in Visual Basic using equation (D1) to generate the graph of the

compressibility factor versus pseudo-reduced pressure for the given Pseudo-temperatures.
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-  Generation of viscosity ver sus pressure graph for the gasin our
r eservoir.

The following method will be used to calculate the viscosity as a function of pressure:
L ee, Gonzalez, and Eakin method.

This method does not include corrections for impurities, and values obtained would be
corrected for pure hydrocarbon gases. The empirical equations for viscosity is

my =K * 10"-4 exp(Xr g"Y) eq.(D2)
where

K= (9.4 + 0.02M)T>)
209+ 19M + T

X =35+ 986 + 0.01M

Y=24-02X
In these egs., my=cp, r g= g/cm3, M = molecular weight of gas, and T = R
As can be seen, equation (D2) isintrinsically pressure dependent due to the gas density.
Our initial reservoir pressure will be taken from part 3 of this semester long project
(P=1097psia) and our abandoned pressure will be assumed to be P=100psia /1000 ft of
depth. The abandoned pressure used depend on the price of gas, the productivity index of
the wells, the size of the field, itslocation with respect to market, and the type market. If
the market is atransmission pipeline, the operating pressure of the line may be a
controlling factor in the abandonment pressure for the small field; but for large fields,
installation of compressor plants may be economically feasible. Thus, lowering the
abandonment pressure substantially below the operating pressure of the pipeline serving

the area.
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Pressur e production profile for seven years at constant flow rate (the

highest flow rate possible)

Conditions:
- Thewell should be active and producing for seven years.

- Thewell hasto produce at its highest possible rate.

Assumption: The reservoir will act asit isinfinitely large during seven years.

The line source solution, Ei(-x), of the following partia differential equation

1 d (rdm(p))=fmC dm(p)
r dr dr k dt

will be used to calculate the pressure profile for the next seven years.

The solution is the following:

m(pi —p) =C1gBm [ -Ei (- C; ImGr2)]
kh kt

where

C.=70.6and C, = 948if q[ bbl/d], K [md], h[ft], C[ LPCA-1], and t [hrs] .

The viscosity and compressibility will be evaluated at the initial reservoir pressure.

Parameters like porosity and permeability will be taken from parts 2 and 3 of this
semester long project respectively.

The line source solution is adequate if it is assumed that:

1- Thereservoir isinfinitein size.

2- Thewellbore radiusis zero.
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3- Theformation is producing at a constant rate.

4- Thereservoir isat auniform pressure, Pi, when production begins.

Recall that the solution of the diffusivity equation having in account the assumption

above mentioned is:

m(p(r,t)) = m(pi) + gBm [ - Ei (- 948 fmGC;r2)] eq.(D4)
kh kt
where
Ei(-X) =-0eMmdm (X, ¥) eg.(D5)
m

Ei = exponential-Integral Function.

This equation is sufficiently accurate for most applications of pressure Transient analysis

during the transient flow period.
A logical question to ask is: Given a number (X), how do you evauate Ei(-X)?
Ei(-X) is defined by equation (D5); fortunately, numerical solutions of this equation

already exist and it will be necessary to evaluate this integral.

When X< 0.01, E(-X) can be approximated with less than 0.25 percent error by the

following equation:

Ei(-X) = Ln (1.781X) eq.(D6)

From equation (D4) X =948 f mGC;r2 ,which means that equation (D6) can be used
Kt
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when T>94810" f mGCr2.
k

For 0.01< X >10.9, Table 1 in Appendix D Il can be used to evaluate Ei(-X). However,
for

X > 10.9, Ei(-X) can be considered zero for practical well test work.

With this approximation of equation (D6), equation (D4) reduces to:

m(p(r,t)) = m(pi) - 1637qT [ Log ( kt )—-3.23] eq.(D7)
kh fmGC;r2

Where: C1= 1637 when q[MSCF/D], T [R], k[md], h[ft], f [%], mcp], C[psia*-1], r[ft].
Equation (D7) can be used to compute pseudo-reduced pressure as a function of time at

any location, within the stated assumptions.

The viscosity and compressibility factor are integrated as a function of pressure, then

there are no limits on the pressure range to which equation (D7) is applied.

Our interest will be the pressure behavior at the formation face of the producing well,
then:

r=ry  m(p(rw.t)) = m(p(rw.t) = mM(Pwr)

Equation (D7) becomes:

m(pwf) = m(pi) - 1637qT [ Log ( kt ) —3.23] eq(D7a)
kh fmGiirn2

and with the total skin factor, equation (D7a) becomes:

m(pws) = m(pi) - 1637qT [ Log ( kt )—3.23+0.87s] eq(D8)
kh fm G rw?
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m and C; must be evaluated at p;,

Equation (D8) will be the one we are going to use to generate the pressure profile for the
next seven yearsin our two wells.

Practically, equation (D8) can be used anytime during the transient flow period to
compute pressure at the formation face of the flowing well.

In our case:

For well # 1:

Time> 9.48*10"4 f mCir2 => T > 0.052* 0.014*0.00202*0.167 2= 0.0711 hrs
k 0.055

For well # 2:

Time> 9.48*10"4 f mCir2 => T > 0.04715* 0.014*0.00202*0.167 2 = 0.1536 hrs
k 0.023

Economic Analysis

Uncertainty exist regarding feet of net pay, average porosity, fractional gas
recovery, and rate at which recovery will take place, so these quantities are treated as
probabilistic. In this project three distributions are considered: Uniform, Triangular,
discreet.

In many cases detailed data are so limited that no distribution curve maybe
developed from that data. But, on the basis of experience and general data, professional
judgment maybe exercised. If a minimum, maximum and most probable value maybe
developed atriangular distribution is possible. In some instance it’s not reasonable to
predict a most probable value, only a probable minimum and maximum are possible. For

this case a rectangular distribution may be drawn.
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Uniform distribution:

Rn
UNIFORM DISTRIBUTION
UF
0 X X Xh

Use: when upper and lower limits of the range of the variable can be specified and
when any of the values between these limits are as likely to occur as any other value.

The unmmulative probability of x is given by
f(x) =(X-X0) 1 (Xp-X1).

Replacing f(x) with Ry, the uniform distributed number and solving for x.
X =X, + Ry (XH =XL)

Trianqular distribution:

POF

=L il H

LMIFGRM DISTREUTICN

=L =H

LR N R IR Ll e



When XL £ X £Xm
f(x) = (X-XL/ Xm-X)?* XXX X 1L)

When XmE X £ Xy

£(X) = 1- (X~ X/ X X * (K- Xy XX 1)
Replacing f(x) by Random Number (Ry).

|

a If RyE [(xm—XL) / (XH'XL)]

Then X =Xu+y ((XnrXD) * (XuX1) * Ry)
b) If Ry 3 [(xm'XL)/(XH'xL)]

X =Xu- [ (Xu-Xm) * (Xu-XL) * Rn)

Discrete Distribution:

Required Condition

OERNEP:
P;<RnNE Pi+P2
P1+P.< Ry £ P1+P+P;3

P+P+P3<RyE L

Change of X

X1

X2

X3

X4

Net Cash Flow (NCF) = Revenue — Initial cost — Operating cost — Taxes

Net Present Value (NPV) = Sum [ NCF; / (1+i)j ] , (3=0:J=n)

Where:
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J = Number of years
| = Discount rate
n= Toatl number of years

Discount Cash Flow Rate of Return Sum =

[ ney/(14) ] =0

1.0 X1 Xo X3

0.0 X1 X2 X3 Xu
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Calculations and Results:

In the casing design, assuming that there is a pore pressure gradient of 0.465

psi/ft, Fracture gradient of 0.75 psi/ft and considering the depth of well number 1, One

casing would be enough to cover the well. However, There are several fresh and salt

water formations and coal formations that need to be protected. Therefore, four casing

strings (Conductor, surface, Intermediate, Production) are recommended for this well

are seated at depth of 30",1133', 2432, and 5987’ respectively.

SELECTION OF CASING SETTING DEPTHS

Well #1

Depth(ft) Pore Pressure(psi) |Fracture Pressure(psi) [Pore Press.(Ilbm/gal) Frac. Pressure(lbm/gal)
500 2325 375 8.942307692 14.42307692
1000 465 750 8.942307692 14.42307692
1500 697.5 1125 8.942307692 14.42307692
2000 930 1500 8.942307692 14.42307692
2500 1162.5 1875 8.942307692 14.42307692
3000 1395 2250 8.942307692 14.42307692
3500 1627.5 2625 8.942307692 14.42307692
4000 1860 3000 8.942307692 14.42307692
4500 2092.5 3375 8.942307692 14.42307692
5000 2325 3750 8.942307692 14.42307692
5185 2411.025 3888.75 8.942307692 14.42307692
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Equivelant Mud Density vs Depyh
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Selection of casing sizes

Wel #1

A 4.5 inches production casing is desired for the first well. Using table 7.8 and 7.9 in the
applied Drilling Engineering book a 6 %4 inches bit is needed to drill the bottom section
of the bore hole. This bit will pass through 3 of the 7 inches casings available( The
required maximum weight per foot will be determined in the next section). According to
table 7.7, a 8 5/8 inches bit will pass through a9 5/8 inches casing. A 12 ¥4 inches bit is
needed to drill to the depth of the surface casing (9 5/8” ). Finally, asshown intable 7.8 a
12 Yainches bit will pass through 13 3/8 casing, which will need a 17 % inches bit to start

the drilling.
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Casing Casing sizes (inches) Bit sizes (inches)
Conductor 13 3/8 17 %

Surface 95/8 12 Y,
Intermediate 7 85/8

Production 4Y, 6 Y4

Selection of grades and weight

Well #1

Surface casing:

Design- loading conditions for surface casing are illustrated in Appendix A for
burst, collapse, and tension considerations. The high-interna -pressure loading condition
used for the burst design is based on a well-control condition assumed to occur while
circulating out alarge kick. The high-external-pressure loading condition used for the
collapse design is based on a severe lost-circulation problem. The high-axial-tension
loading condition is based on an assumption of stuck casing while the casing ran into the

hole before cementing operations.

Calculation for surface casing:

The surface casing selected has an OD of 9 5/8-in and isto set at 1133.05 feet.
Thefirst step is the selection of the casing grade, wall thickness, and connectors are to
eliminate the casing that will not meet the burst-design load (see appendix A). The
fracture gradient at 1133.05 feet is equalsto 0.75 psi/ft (assumed) which is equivalent to
the following mud density:

r mud = {P/(0.052 * h)]

P=0.75* 1133.05=849.8 ps
r mud = [849.8 psi / (0.052 * 1133.05)]
r mud = 14.4 |bm/gal.
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Assumptions: for burst considerations, use an injection pressure that is equivalent to a
mud density 0.3 Ibm/gal greater than the fracture gradient and a safety factor of 1.1.
And kick is composed of methane (molecular weight = 16) assume ideal gas behavior.
Formation temperature gradient = 1°f/100 feet.

Tx = surface temperature Ts°f + 0.01 * depth

Tx + 460 = T(°R)

T1133.05 =65 + (0.01* 1133.05) = 78.3 °f =538.3 °R

I njection-pressure pressure calculation at 1133.05 ft

Pi = 0.052(14.4+0.3)* 1133.05 = 866.1 psig

The gas gradient for methane is given by the following equation:
rgas=[PM/(80.3* Z* T)]
0.052*r gas = {[0.052 * (866.1+15)*16 ]/ (80.3* 1 * 538.3)} = 0.017 psi/ft
To ensure that casing rupture will not occur at the surface, (endangering the lives of the
drilling personal) the casing resistant to bur st at the surface will be:
866.1 —0.017 (1133.05) = 846.84 psig
The external pressureis zero at the surface.
A normal formation pore pressure was assumed to be 0.465psi/ft. then, the external

pressure at the casing sedt is.

0.465 * 1133.05 = 526.9 psig

Finally, the pressure differential that tends to burst the casing is 846.84 psig at surface

(846.84 — 526.9) = 318.94 at the casing seat.



These pressures will be multiplied by the safety factor: assumed 1.1
At casing surface = 1.1 * 846.84 = 931.524 psig
At casing seat = 1.1 * 318.94 = 350.83 psig

A graphical representation is shown:

Now, using table 7.6 (Applied Drilling Engineering ) for 9 5/8-in casing the H-40 casing
32.3 Ib/ft is the less expansive 95/8-in available and it meets the burst requirements.

The collapse-design load is based on the mud density in the hole when the casing is run
(see appendix B).

The planned mud density is 9.44 |Ibm/gal and the external pressure at 1133.05feet is:

0.052 * 9.44 * 1133.05 = 556.2 psig

For internal pressure for the collapse-design is controlled by the maximum loss if fluid
level that could occur if a severe lost-circulation problem is encountered. The maximum
depth of the mud level is calculated with the following equation:

Dm =[(r max - gp) / r max]* Dlc
Where:

Dlc: depth of the lost-circulation zone, feet.
gp: pore pressure gradient of the lost-circulation zone.
r max: maximum mud density anticipated in drilling to Dlc.
Dm: depth to which the mud level will fall.
Dm =[(9.44 — 0.465/0.052) / 9.44] * 1665

Dm = 87.78 feet
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pressure psig

B4a. 84 931.524

with zafety

depth factor

feel

1133.05

318.9 350.83 526.9

For these conditions, then, the mud level could fall to within (1133.05 ft — 87.78 ft) =
1045.27 feet of the casing bottom.
The internal pressure is assumed to be zer o to a depth at 87.78 feet and:
0.052 * 9.44 * 1045.27 = 513.1 psig at the bottom of the casing.
The pressure differential that tends to collapse the casing is zer o at the surface.
0.052 * 9.44 * 87.78 = 43.08 psig at 87.78 feet
43.08 * safety factor (1.1) = 47.39 psi
And
556.2 —513.1 = 43.1 psig at 1133.05 feet.

43.1* 1.1=47.41ps

Then, using table 7.6 (Applied Drilling Engineering ) again: the collapse resistance for 9

5/8-in casing is 1370 psi, which excess the design requirements.
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I ntermediate casing for well # 1:

OD =7-in

Bit size=85/8

Depth = 2432.9 feet

Fracture gradient = 0.75 psi/ft assumed.

Mud density:

r mud = {P/(0.052 * h)]}

p=0.75* 2432.9 = 1824.675 ps

r mud = 1824.675 / (0.052 * 2432.9) = 14.42 Ibm/gal
pressure equivalent to a mud density = 0.3 lbm/gal
safety factor = 1.1

Temperature gradient = 1 °f / 100 ft.

Tx = surface temperature Ts°f + 0.01 * depth

Tx + 460 = T(°R)

T2432.9 = 65 + (0.01* 2432.9) = 89.33 °f = 549.33 °R
Pi = 0.052 (14.42 + 0.3) * 2432.9

Pi = 1862.24 psig

Gas gradient of methane:

rgas=[PM/(80.3* Z* T)]

0.052*r gas = {[0.052 * (1862.24 +15)*16 ]/ (80.3 * 1 * 549.33)}

0.052*r gas = 0.03%4 psi/ft
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To ensure that casing rupture will not occur at the surface.

The casing resistant to bur st at the surface will be:

1862.24 — 0.0354 (2432.9) = 1776.1 psig

Normal formation pore pressure = 0.465 psi/ft (assumed).

The external pressure of the casing seat is:

0.465 * 2432.9 = 1131.3 psig

Pressure differential that tend to burst the casingis 1776.1 psig and
(1776.1 — 1131.3) = 644.8 psig.

These pressures will be multiply by safety factor = 1.1 (assumed) then:

At casing surface = 1953.71 psig

At casing seat = 709.28 psig

A graphical representation is shown:

pressure psig

1776.1 1953.71
1]
ith safet
depth :m =
aclor
feet
2432.9

6dd. 8 709.28 1131.3



Now, table 7.6 (Applied Drilling Engineering ) for 7-in casing the H-40, 17 Ib/ft isthe

less expensive 7-in available and it meetsthe bur st design.

Collapse design:

The planned mud density is 9.44 Ibm/gal and the external pressure at 2432.9 feet is.
0.052 * 9.44 * 2432.9 = 1194.3 psig.

The maximum mud density anticipated in drilling to depth of the lost circulation zone.
Dm = [(r max - gp) / r max]* Dlc

Dm = [(9.44 — 0.465/0.052) / 9.44] * 2432.9

Dm = 128.26 feet

For these conditions, then, the mud level could fall to within (2432.9 — 128.26) = 2304.64
feet of casing bottom.

The internal pressure is assumed to be zero to a depth at 128.26 feet and

0.052 * 9.44 * 2304.64 = 1131.3 psig at the bottom of the casing.

The pressure differential that tends to collapse the casing is zero at the surface.
0.052* 9.44 * 128.26 = 62.96 psig at 128.26 feet.

62.96 * 1.1 = 69.256 ps

And

(1194.3 — 1131.3) = 63 psig at 2432.9

63* 1.1=69.3 ps

then, using table 7.6 (Applied Drilling Engineering ): the collapse resistance for 7-in

casing is 1420 psi which excess the design requirements.
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SELECTION OF CASING SETTING DEPTHS

Well # 2
Depth(ft) Pore Pressure(psi) |Fracture Pressure(psi) [Pore Press.(Ilbm/gal) Frac. Pressure(lbm/gal)
500 2325 375 8.942307692 14.42307692
1000 465 750 8.942307692 14.42307692
1500 697.5 1125 8.942307692 14.42307692
2000 930 1500 8.942307692 14.42307692
2500 1162.5 1875 8.942307692 14.42307692
3000 1395 2250 8.942307692 14.42307692
3500 1627.5 2625 8.942307692 14.42307692
4000 1860 3000 8.942307692 14.42307692
4500 2092.5 3375 8.942307692 14.42307692
5000 2325 3750 8.942307692 14.42307692
5185 2411.025 3888.75 8.942307692 14.42307692
Equivelant Mud Density vs Depyh
6000
5000
£ 4000
= ——Seriesl
= 3000 )
& —— Series2
0 2000
1000 Seriesl
Frac.Presure
0 ‘ ‘ w Series?2
5 10 15 20 |Pore pressure
Equivelant Mud Density (Ibm/gal)

Assuming that there is a pore pressure gradient of 0.465 psi/ft, Fracture gradient

of 0.75 psi/ft and considering the depth of well number 2, One casing would be enough to

cover the well. However, There are several fresh and salt water formations and coal

formations that need to be protected. Therefore, four casing strings (Conductor, surface,

Intermediate, Production) are recommended for this well are seated at depth of 36’,786',

2211, and 5077 respectively.
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Selection of casing sizes

Well # 2

A 4.5 inches production casing is desired for the first well. Using table 7.8 and 7.9
in the applied Drilling Engineering book a 6 ¥z inches bit is needed to drill the bottom
section of the bore hole. This bit will pass through 3 of the 7 inches casings available (the
required maximum weight per foot will be determined in the next section). According to
table 7.7, a 8 5/8 inches bit will pass through a9 5/8 inches casing. A 12 Y4inches bit is
needed to drill to the depth of the surface casing (9 5/8”). Findly, as shown in table 7.8 a

12 Y2 inches bit will pass through 13 3/8 casing, which will need a 17 % inches bit to start

the drilling.

Casing Casing sizes (inches) Bit sizes (inches)
Conductor 13 3/8 17 %

Surface 95/8 12 Y,
Intermediate 7 85/8

Production 4Y, 6 Y4

Selection of grades and weight

Calculation for surface casing well # 2:

The surface casing selected has an OD of 9 5/8-in and isto set at 786.55 feet.
Bit size=12 ¥#in

Mud density:

r mud = {P/(0.052 * h)]}

p=0.75* 786.55 = 589.91 ps

r mud = 589.91 / (0.052 *786.55) = 14.42 Ibm/gal

Pressure equivaent to a mud density = 0.3 |bm/gal
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Safety factor = 1.1

Tmperature gradient = 1 °f / 100 ft.

Tx = surface temperature Ts°f + 0.01 * depth

Tx + 460 = T(°R)

T786.55 = 65 + (0.01* 786.55) = 72.86 °f = 532.86 °R

Pi = 0.052 (14.42 + 0.3) * 786.55

Pi = 602.05 psig

Gas gradient of methane:

rgas=[PM/(80.3* Z* T)]

0.052*r gas = {[0.052 * (602.05+15)*16]/ (80.3 * 1 * 532.86)}
0.052*r gas = 0.01199 psi/ft

To ensure that casing rupture will not occur at the surface.

The casing resistant to bur st at the surface will be:

602.05 —0.01199 (786.55) = 592.62 psig

Normal formation pore pressure = 0.465 psi/ft (assumed).

The external pressure of the casing sedt is.

0.465 * 786.55 = 365.74 psig

Pressure differential that tend to burst the casing is 592.62 psig and
(592.62 — 365.55) = 227.07 psig.

These pressures will be multiply by safety factor = 1.1 (assumed) then:
At casing surface = 651.882 psig

At casing seat = 249.77 psig

A graphical representation is shown:

58



592.62  651.88
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depth factor

feel

786.55

227.07 249.77 365.74
Now, table 7.6 (Applied Drilling Engineering ) for 7-in casing the H-40, 17 Ib/ft isthe
less expensive 7-in available and it meetsthe burst design.

Collapse design:

The planned mud density is 9.44 |bm/gal and the external pressure at 786.55 feet is:
0.052 * 9.44 * 786.55 = 386.1 psig.

The maximum mud density anticipated in drilling to depth of the lost circulation zone.
Dm = [(r max - gp) / r max]* Dlc

Dm = [(9.44 — 0.465/0.052) / 9.44] * 1415

Dm = 74.6 feet

For these conditions, then, the mud level could fall to within (786.55 — 74.6) = 711.95
feet of casing bottom.

The internal pressure is assumed to be zero to a depth at 74.6 feet and

0.052 * 9.44 * 711.95 = 349.48 psig at the bottom of the casing.

The pressure differential that tends to collapse the casing is zero at the surface.
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0.052 * 9.44* 74.6 = 36.619 psig at 74.6 feet.

36.619 * 1.1 = 40.28 psi

And

(386.1 — 349.48) = 36.62 psig at 2432.9

36.62* 1.1 = 40.282 ps

then, using table 7.6 (Applied Drilling Engineering ): the collapse resistance for 9

5/8-in casing is 1370 psi which excess the design requirements.

I ntermediate casing for well # 2:

OD =7-in

Bit size=85/8

Depth = 2211 feet

Fracture gradient = 0.75 psi/ft assumed.

Mud density:

r mud = {P/(0.052 * h)]}

p=0.75* 2211 = 1658.25 psi

r mud = 1658.25 / (0.052 * 2211) = 14.42 |bm/gal
Pressure equivaent to a mud density = 0.3 |bm/gal
Safety factor = 1.1

Temperature gradient = 1 °f / 100 ft.

Tx = surface temperature Ts°f + 0.01 * depth

Tx + 460 = T(°R)

T2432.9 = 65 + (0.01* 2211) = 87.11 °f = 547.11 °R



Pi = 0.052 (14.42 + 0.3) * 2211

Pi = 1692.38 psig

Gas gradient of methane:

rgas=[PM/(80.3* Z* T)]

0.052*r gas = {[0.052 * (1692.38 +15)*16 ]/ (80.3 * 1 * 547.11)}

0.052*r gas = 0.03233 psi/ft

To ensure that casing rupture will not occur at the surface.

The casing resistant to bur st at the surface will be:

1692.38 — 0.03233 (2211) = 1620.9 psig

Normal formation pore pressure = 0.465 psi/ft (assumed).

The external pressure of the casing sedt is.

0.465 * 2211 = 1028.115 psig

Pressure differential that tend to burst the casing is 1620.9 psig and
(1620.9 — 1028.115) = 592.785 psig.

These pressures will be multiply by safety factor = 1.1 (assumed) then:
At casing surface = 1782.99 psig

At casing seat = 652.06 psig

A graphical representation is shown:
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Now, table 7.6 (Applied Drilling Engineering ) for 7-in casing the H-40, 17 Ib/ft isthe
less expensive 7-in available

and it meetsthe burst design.

Collapse design:

The planned mud density is 9.44 Ibm/gal and the external pressure at 2211 feet is.
0.052 * 9.44 * 2211 = 1085.33 psig.

The maximum mud density anticipated in drilling to depth of the lost circulation zone.
Dm = [(r max - gp) / r max]* Dlc

Dm = [(9.44 — 0.465/0.052) / 9.44] * 2211

Dm = 116.56 feet

For these conditions, then, the mud level could fall to within (2211 — 116.56) = 2094.44
feet of casing bottom.

The internal pressure is assumed to be zero to a depth at 116.56 feet and

0.052 * 9.44 * 2094.44 = 1028.11 psig at the bottom of the casing.
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The pressure differential that tends to collapse the casing is zero at the surface.

0.052* 9.44* 116.56 = 57.217 psig at 116.56 feet.

57.217* 1.1 = 62.938 ps

And

(1085.33 — 1028.11) = 57.22 psig at 2211

57.22* 1.1 =62.942 ps

then, using table 7.6 (Applied Drilling Engineering ): the collapse resistance for 7-in
casing is 1420 psi which excess the design requirements.

Production casing:

The 4 ¥~in casing is designed in account appendix A (production casing design loads for
burst and collapse.)

Burst design: ( see appendix A)

Internal pressures = (formation pressure + completion fluid pressure) at top and bottom of
the casing.

External forces = mud hydrostatic pressure (9.44 ppg) at top and bottom.

Collapse design: external forces: mud hydrostatic pressure. Internal forces. none.

Final assumption: the casing was landed “as cemented” the axia tension results only

from the hanging weight of the casing under prevailing borehole conditions.
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Casing Design

Well #£1
casing setting depth (ft) Size(in) Grade Wit(lb/ft) |Cement
Conductor 30 135/8 H-40 48
Surface 1133 95/8 H-40 32.3 [365 sxs
Intermediate 2432 7 H-40 17 230 sxs
Production 5987 41/2 J-55 10.5 |290 sxs
well#2
casing setting depth (ft) Size(in) Grade Wit(lb/ft) | Cenent
Conductor 36.5 13 5/8 H-40 48
Surface 786.5 95/8 H-40 32.3 240 sxs
Intermediate 2211 7 H-40 17 260 sxs
Production 5077.9 41/2 J-55 10.5 235 sxs




Well Completion

Bottom hole Completions:

The bottom of the well is completed with either an open hole or cased hole
completion. A cased hole completion is made by drilling though the producing formation,
then cased, A open hole completion is made by drilling down to the top of the producing
formation. The wall is cased and then drilled though the producing formation, leaving the
bottom of the well open. This completion is used primarily in developing afield with a
known reservoir and reduces the cost of casing. It, however, cannot be used in soft
formations that might cave in to the well and doesn't isolate selective zones in the
producing formation. Because the casing " set in the dark” before the pay is drilled, the
casing can’t be salvaged if the pay proves to be unproductive.

One well can produce from two or more producing zones in a multiple completion.
If, there are two producing zones is used in adua completion (fig 4). Sometimes only
one packer and tubing stringsis used in adua completion, and the production from one
zone is brought up the casing-tubing annulus. If it is a flowing well, there will be a
double wing tree. If beam pumping is used, there will be two beam pumpers and sucker-
rod string per well. The most common completion is a triple completion.

Casing that has been cemented into the producing zone in a set through completion is
perforated by shooting holes called perforation through it (fig 5). The perforation is done

by a perforation gun run into the well on awireline, or tubing string. The original
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perforation guns used steel bullets, but jet perforations that use shaped explosive charges

are more commonly used today. The perforations are described in shots per foot (density)

and angular separation (phasing). Perforation completion can be used where thereis a

sand control problem and are used for multiple completions.

TUBING ——. |] CASING
STRINGS —_

1

PACKER —=3o

Fig.4 Dua completion
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Fig.5 @) cased hole completion
b) Open hole completion

The bottom hole for the first well is completed by using open cased completion. Since

there are two pay zones, dual completion is used. The first pay zone (4780 —5280) is

perforated with 38 shots. The second pay zone (5710 - 5994') is perforated with 40 holes.

The bottom hole for the second well is completed by using open cased completion. The

pay zone (4419 —5018') is perforated with 40 holes.
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L og analysis calculation

rs, Fn, Rip values are read from the logs every two feet for the entire targeted formation
for both wells. Then porosity is calculating by using equation (B3).
The value of r g for the formation is read from the log to be 2.71 g/cc for both wells.

Then by using the porosity values, the water saturation is determined by using the
eguations (B3) to (B8) that were explained in the theory. The value of Rwa s assumed
for both wells to be 0.0125. The gas formation factor is then calculated by using equation
(B2):

Bgi =0.0283z T / P.

Where Z-factor is calculated by assuming gas gravity of 0.6 and using chart(2) in
appendix B to determine Ppc, Tpc. Then Ppr and Tpr.

Tpr =T/Tpc Eqg. (B9)
Ppr = P/Ppc Eq.(B10)
And then using chart(1) in appendix B, Z-factor is determined. Finally, the original gasin
place is determined by the following equation:

G =(43560) (A) (h)(f)(1-Sw) (L Bgi).

Where:

G1= average original gasin place obtained by averaging the entire pay zone thickness.
G2=the average original gasin place obtained by averaging the parameter involved in

the calculation (Sw, f).
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The following table presents the results in details for both wells:

Table2.1
well # | T (R) | P (psi) |Specific gravity| Tpc Ppc | Tpr | Ppr | Z Bg
well#1l | 597.67 | 739.7 0.6 350 678 1.707 | 1.09 | 0.93 | 0.0212
well#2 | 574.37 | 739.7 0.6 350 678 1.641 | 1.09 | 0.92 | 0.0202
Table2.2
Well # 1(first pay zone) sample calculation:
Depth |bulk Dens. |Porosity | Porosity | Rt F Rw I Sw G
N
(feet) (g/cc) (%) (%) (ohm- (ohm-m) (fraction) | (scf/ac-ft)
m)
4780 2.68 15 5546125 | 23 |325.103 | 0.07075 | 7.0747( 0.375964 | 7179064
4782 2.725 14.8 5.45572 22 [335.966 | 0.06548 [6.5483|0.390784 | 6894329
4784 2.72 15 5531365 | 22 326.84 | 0.06731 |6.7311| 0.38544 7051240
4786 2.656 14.8 5481181 | 28 |332.852| 0.08412 |8.4121(0.344784| 7449504
4788 2.65 16 5.926199 32 |284.739| 0.11238 |11.238|0.298297| 8625777
4790 2.649 16.5 6.11107 31 [267.772 | 0.11577 |11.577|0.293902| 8950578
4792 2.651 15 5.556827 | 30 |323.852 | 0.09263 |9.2635(0.328558| 7739336
4794 2.648 15 5557934 34 |323.723 | 0.10503 | 10.503|0.308565| 7971372
4796 2.65 14 5.188192 | 35 |371.508 | 0.09421 |9.4211(0.325799| 7255610
avg G1 |avg Porosit| avg Sw | avg G2
(scfl/ac- (%) (fraction) | (scf/ac-ft)
ft)
6545199 | 5.2306361 | 0.400142 | 6508363

To view the entire calculation for the first pay zone, (see table 2.2 appendix BIl)
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Well #1 (second pay zone)sample calculation:

Depth |bulk Dens.|porosity |Porosity Rt F Rw I Sw G
N
(feet) (g/cc) (%) (%) [(ohm-m) (ohm-m) (fraction)| (scf/ac-
ft)
5710 2.56 16.4 6.10701 22 268.128 | 0.08205 | 8.20503 | 0.34911 (8245294
5712 2.62 17 6.30627 22 251.452 | 0.087492 | 8.7492 | 0.33808 |8658620
5714 2.56 16.8 6.25461 22 255.623 | 0.086064 | 8.60644 | 0.34087 | 8551461
5716 2.57 17 6.32472 24 249.987 | 0.096005 | 9.60051 | 0.32274 (8885165
5718 2.62 16 5.93727 23 283.679| 0.081078 | 8.10777 | 0.3512 |[7990408
5720 2.7 15 5.53875 18 325.97 | 0.05522 |[5.52199 | 0.42555 (6599802
5722 2.725 15.9 5.86162 14 291.048 | 0.048102 | 4.81021 | 0.45595 (6614920
5724 2.74 16 5.89299 15 287.958 | 0.052091 | 5.2091 | 0.43815 (6867960
5726 2.75 16 5.8893 16 288.319| 0.055494 | 5.54941 | 0.4245 (7030374
Avg G1 avg avg Sw | avg G2
Porosity
(scfl/ac- (%) (fraction) | (scf/ac-
ft) ft)
6701346 |5.678610| 0.43221 6687986
2
To view the entire calculation for the second pay zone, (see table 2.3 appendix BlI)
Well#2:
Depth bulk |porosity [Porosity| Rt F Rwa I Sw Sw Gi
Dens. N
(feet) (g/cc) (%) (%) |(ohm-m) (omh- (fractio (%) | (scflac-
m) n) ft)
4420 2.7 12 4.43173 23 509.16 | 0.0452 | 4.517 | 0.4705 47.05( 5060271
4422 2.659 11 4.07786 25 601.36 | 0.0416 | 4.157 | 0.4905 | 49.045| 4480771
4424 2.659 11.9 4.40996 25 514.2 | 0.0486 | 4.862 | 0.4535 | 45.352| 5196930
4426 2.659 13 4.81587 24 431.17| 0.0557 | 5.566 | 0.4239 | 42.386| 5983302
4428 2.7 13 4.80074 21 433.89| 0.0484 | 4.84 | 0.4546 | 45.455| 5646754
4430 2.658 10 3.70923 24 726.83( 0.033 | 3.302 | 0.5503 | 55.031| 3596899
4432 2.7 11.8 4.35793 26 526.55( 0.0494 | 4938 | 0.45 45.002( 5168485
4434 2.659 12.1 4.48376 25 497.41| 0.0503 | 5.026 | 0.4461 | 44.605| 5356077
4436 2.658 11.2 4.15203 30 580.07 | 0.0517 | 5.172 | 0.4397 | 43.972| 5016490
4438 2.657 12.3 4.5583 31 481.28| 0.0644 | 6.441 | 0.394 | 39.402| 5956613
Avg G1 | avg G2 avg avg Sw
porosity
(scf/ac- | (scf/ac-ft) (%) (fraction
ft) )
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5702171

5685646

4.751262

0.44507

To view the entire calculation for the second well, (see table 2.4 appendix BIl)

G1 scf/acre-ft Sw% | porosity % | G2 scf/acre-ft
well #1 first pay zone 6545199 40.014 5.23 6508363
well #1 second pay zone 6701346 43.221 5.678 6687986
Well # 2 5702171 44.507 4.715 5685646
Buildup Test Data Analysis
Sample of the computer program results of well number 1.
Well # 1
tp = 339.749 hrs T=137 F Gas gravity=0.6
Shut-in Pressure Shut-in (dt+tp)/dt z Vis, cp m(p) dm(p)
time(Min.) (Psia) Time(hrs) psi*2/cp
0 620 0 0.8764 0.013791 3.15E+07
1 623 0.0166667 20385.94 0.8761 0.013797 3.18E+07| 3.09E+05
2 629 0.0333333 10193.47 0.8754 0.013808 3.25E+07| 9.31E+05
3 639 0.05 6795.98 0.8737 0.013839 3.35E+07| 1.98E+06
4 645 0.0666667 5097.235 0.8727 0.013859 3.42E+07| 2.62E+06
5 655 0.0833333 4077.988 0.8723 0.013867 3.52E+07| 3.69E+06
6 659 0.1 3398.49 0.8709 0.013894 3.57E+07| 4.13E+06
8 673 0.1333333 | 2549.1175 0.8702 0.01391 3.72E+07| 5.67E+06
10 681 0.1666667 2039.494 0.8693 0.013928 3.81E+07| 6.57E+06

To view the entire calculation, (see table 3.1 appendix C)
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dm(p)
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Log-Log plot of dm(p) vs dt
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Calculation Well # 1

tp= |:3026.6 Mscf ] [ 24hrs | = 339.75hrs
213.8 Mscf/d 1 day

From figure 1:
At* =0.25 hrs
End of well bore storage effect = (At*) (50) = 0.25 *50 = 12.50

From figure 2:

m =| 8.51E+07 - 7.31 E+07 = - 4.936 E +07 psi’/cp/cycle
log(4.77498)-10g(9.08926)
k= | -1637qT =| -1637 * 213.7 * 596.67 | = 0.2115 md
. mh - 4.936 E+07 * 20
S = 1.151[ m(pws) — m(plhr) -log k + 3.23:|
m 61*Ct* rwh2
= 1.151| 3.15 E+07 — 4.76 E+07 - log 0.215 + 3.23]
-4.936 E+07 0.054* 0.015*0.00115* 0.167°
= -3.861

Am(p)s = -0.87 ms=-0.87 * -4.936 E+07 * -3.861 =- 1.66 E + 08 psi®/ cp

From figure 2: m(p*) = 1.19 E+08

E= m(p*) — m(pws) — Am(p)s = 1.19 E+08 - 3.15E+07-1.19 E+08:|
m(p*) — m(pws) 1.19 E+08 - 3.15 E+07

= 2.8%4
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dm(p)

Well # 2

T=114F G=0.6

Shut-in | Pressure | Shut-in | (dt+tp)/dt Z Ug M(P) dM(p)
time(Min.)| (Psia) | time(hrs) cp psif2/cp
0 620 0 0.8638 |0.01377| 3.20E+07
1 623 0.016667 | 20385.94 | 0.8633 |0.01377| 3.23E+07 3.06E+05
2 629 0.033333 ({10193.47| 0.8625 [0.01379| 3.29E+07 9.36E+05
3 639 0.05 6795.98 | 0.8612 (0.01381| 3.40E+0Q7 2.01E+06
4 645 0.066667 | 5097.235| 0.8604 |0.01383| 3.46E+07 2.62E+06
5 655 0.083333 (4077.988 | 0.8458 [0.01387| 3.57E+07 3.72E+06
6 659 0.1 3398.49 | 0.8453 (0.01388| 3.61E+07 4.12E+06
8 673 0.133333 | 2549.118 | 0.8436 |0.01391| 3.77E+0Q7 5.72E+06
10 681 0.166667 | 2039.494 | 0.8427 |0.01393| 3.87E+07 6.72E+06
15 690 0.25 1359.996| 0.8417 [0.01395| 3.97E+0Q7 7.72E+06
To view the entire calculation, (see table 3.2 appendix C)
Log- Log Plot of dm(p) vs dt
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m(pws), psi*2 /cp

Horner Plot
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-1.00E+07 |End of well bore storage effect |
1 10 100 1000 10000 100000
(tp+dt)/dt
Well #2
tp= |:3026.6 Mscf ] [ 24hrs | = 339.75hrs
213.8 Mcf/d 1 day

From figure 3:

At* =0.25 hrs

End of well bore storage = (At*) (50) = 0.25 *50 = 12.50

From figure 4:

m =| 884 +07 - 7.28 E+07 = 5172 E +07 psi®/cplcycle

l0g(4.5390)-10g(9.08926)
k=] -1637qT =| -1637 *213.7 * 574 =0.3885md
. mh -5.172 E+07 * 10
S = 1.151[ m(pws) — m(plhr) -log k + 3.23:|
m o 1*Ct* rw"2
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1.151 E.lS E+07 —4.77 E+07 - log 0.215 + 3.23:|
-5.172 E+07 0.047* 0.015*0.00111* 0.167°

-4.265

Am(p)s =-0.87 ms=-0.87 * -517 E+07 * -4.2665 =- 1.92 E + 08 psi’/ cp

From figure 4: m(p*) = 1.24 E+08 psi’ /cp

E= m(p*) — m(pws) — Am(p)s = 1.24 E+08 - 3.15 E+07 - 1.92 E+08
m(p*) — m(pws) 1.24 E+08 - 3.15 E+07
= 3.074
Results

The initial formation pressure could not be calculated since both wells are assumed not to
be a new reservoir. The permeability, skin factor and flow effiency values for both wells
are tabulated in table 3.3.

Table 3.3
K (md) S E
Wel #1 0.2115 -3.861 2.894

Well # 2 0.3885 -4.265 3.074
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Prediction of reservoir performance

The computer program results of Z factor.

Z-Factor
Tpr 1.1 1.2 1.3 1.4 15 1.6 1.7
Ppr 1 0.852 0.867 0.88 0.892 0.902 0.912 0.921
2 0.726 0.756 0.783 0.808 0.831 0.853 0.875
3 0.622 0.668 0.709 0.748 0.786 0.824 0.862
4 0.538 0.6 0.658 0.715 0.771 0.829 0.888
5 0.474 0.554 0.63 0.707 0.787 0.872 0.962
6 0.427 0.526 0.626 0.73 0.843 0.968 1.105
7 0.395 0.518 0.649 0.794 0.958 1.144 1.357
8 0.377 0.534 0.713 0.921 1.165 1.45 1.221
Tpr 1.8 1.9 2 2.1 2.2 2.3 2.4
Ppr 1 0.93 0.939 0.948 0.956 0.965 0.973 0.982
2 0.896 0.918 0.94 0.963 0.986 1.009 1.033
3 0.901 0.941 0.983 1.025 1.07 1.116 1.165
4 0.951 1.017 1.086 1.16 1.238 1.321 1.408
5 1.059 1.164 1.278 1.401 1.261 1.448 1.412
6 1.257 1.425 1.215 1.112 1.476 1.332 1.147
7 1.054 1.01 1.286 1.01 1.466 1.376 1.313
8 1.1 1.474 1.316 1.23 1.178 1.145 1.122
Tpr 25 2.6 2.7 2.8 2.9
Ppr 1 0.991 1 1.009 1.018 1.027
2 1.058 1.084 1.11 1.137 1.165
3 1.215 1.268 1.323 1.38 1.44
4 1.361 1.468 1.427 1.418 1.35
5 1.17 1.311 1.47 1.334 1.242
6 1.07 1.036 1.443 1.396 1.357
7 1.267 1.233 1.206 1.184 1.165
8 1.106 1.094 1.085 1.077 1.071
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Z+actor Vs Pprand Tpr
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Viscosity, Cp

Sample of the computer results of viscosity vs pressur e

Viscosity Graph for Well #1
with Temp. =137.67 F

Pressure,Psia |Viscosity, cp | Pressure,Psia | Viscosity, cp | Pressure,Psia | Viscosity, cp
500 0.01093 546 0.01113 592 0.01134
501 0.01093 547 0.01114 593 0.01134
502 0.01094 548 0.01114 594 0.01135
503 0.01094 549 0.01114 595 0.01135
504 0.01095 550 0.01115 596 0.01136
505 0.01095 551 0.01115 597 0.01136
506 0.01095 552 0.01116 598 0.01137
507 0.01096 553 0.01116 599 0.01137
508 0.01096 554 0.01116 600 0.01138
509 0.01097 555 0.01117 601 0.01138

To view the entire calculation, (see table 4.1 appendix D)

0.015 - -
Viscosity Vs Pressure, Well #1

0.0145
y = 6E-06x + 0.008
R?=0.9956

N e
\ e
7

0.0125

0.012

0.0115 /

0.011 /

0.0105

500 600 700 800 900 1000 1100 1200

Pressure, Psia

—Viscosity Graph
emmm==Linear (Viscosity Graph)

78



Viscosity, Cp

Viscosity Vs Pressure For Well # 2 with Temp. =114.37 F

Pressure,Psia| Viscosity, cp | Pressure,Psia | Viscosity,cp | Pressure,Psia Viscosity, cp
500 0.01094 546 0.01114 592 0.01135
501 0.01094 547 0.01115 593 0.01136
502 0.01095 548 0.01115 594 0.01136
503 0.01095 549 0.01116 595 0.01137
504 0.01096 550 0.01116 596 0.01137
505 0.01096 551 0.01116 597 0.01138
506 0.01097 552 0.01117 598 0.01138
507 0.01097 553 0.01117 599 0.01139
508 0.01097 554 0.01118 600 0.01139

To view the entire calculation, (see table 4.2 appendix D)

0.015

0.0145

0.014

0.0135

0.013

0.0125

0.012

0.0115

0.011

0.0105

0.01

Viscosity Vs Pressure for Well #2

pZ
\ ~
\
\
,/
=~

500

600 700 800 900 1000 1100

Pressure, psia

= Viscosity Graph = Linear (Viscosity Graph) ‘

1200
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Data for Pressure Profile

Wel #1

Porosity, (fraction) = 0.054

Viscosity at Pi = 0.015 cp

Compressibility at Pi = 0.00102 psia™

Wellbore Radius = 0 .167 ft

Permeability = 0.2115md

Reservoir Temperature = 137 °F

Formation Thickness = 20 ft

Skin Factor = -3.861

Initial Pressure = 1097 psia Pseudo-Pressure = 204€e9 psia’/cp

Abandonment pressure = 500 psia Pseudo-Pressure = 9.78e9 psia/cp

Optimum Flow rate for seven years = 6837 Mscf/D

Well # 2

Porosity, (fraction) = 0.047

Viscosity at Pi = 0.014 cp

Compressibility at Pi = 0.0011 psia’

Wellbore Radius = 0 .167 ft

Permeability = 0.388577 md

Reservoir Temperature = 114 °F

Formation Thickness = 10 ft

Skin Factor = -4.26

Initial Pressure = 1097 psia Pseudo-Pressure = 204€e9 psia’/cp

Abandonment pressure = 500 psia Pseudo-Pressure = 9.78e9 psia/cp

Optimum Flow rate for seven years = 6608 M scf/D
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Sample of the computer program results for Pressure Profile

PseudoPressure and Pressure Profile For WELL #1
Optimum Flow Rate for this well (MMscfD) =6837

Time,(Month)

Mpwf, (psia”™2/cp)

Pressure,Psia

Time,(Month)

Mpwf, (psia”™2/cp)

Pressure,Psia

0 9.78E+09 1097 45 2.70E+09 575
1 6.70E+09 904 46 2.67E+09 572
2 5.97E+09 853 47 2.65E+09 569
3 5.55E+09 822 48 2.63E+09 567
4 5.24E+09 799 49 2.61E+09 565
5 5.01E+09 781 50 2.59E+09 563
6 4.82E+09 766 51 2.56E+09 560
7 4.65E+09 752 52 2.54E+09 558
8 4.51E+09 741 53 2.52E+09 556
9 4.39E+09 731 54 2.50E+09 553
10 4.28E+09 722 55 2.49E+09 552

Pressure, Psia

To view the entire calculation, (see table 4.31 appendix D)

Pressure Vs Time
Optimum Gas Flow Rate for Well #1 = 6837 Mscfd

1200

1000

800

600

/'

400

Abandonment Pressure = 500 psia

200

20 30

40

50

Time, Months

60 70

80

81

90



Ppseudo-Pressure and Pressure Profile for Well #2

Optimum Gas Flow Rate for this well: 6608 Mscfd

Time,(Month) Mpwf, (psia®2/cp) | Pressure, Psia [ Time,(Month) | Mpwf, (psia®2/cp) | Pressure, Psia
0 9.78E+09 1097 43 2.801E+09 585
1 7.076E+09 929 44 2.774E+09 582
2 6.288E+09 875 45 2.749E+09 579
3 5.827E+09 842 46 2.724E+09 577
4 5.500E+09 818 47 2.699E+09 574
5 5.246E+09 799 48 2.676E+09 572
6 5.039E+09 783 49 2.652E+09 569
7 4.864E+09 769 50 2.629E+09 566
8 4.712E+09 757 51 2.607E+09 564

To view the entire calculation, (see table 4.4 appendix D)

Pressure Vs time ( Well #2

)
Optimum Gas Flow Rate for this Well = 6608Mscfd
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1000
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Pressure, Psia
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200
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20

30

40 50 60 70 80

Time, Months
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Economical Analysis Calculation

Parameter Distribution Min. Value [ Max. Value | Mean value
Porosity Uniform 0.01 0.1
Well #1 | Thickness Triangular 10 20 15
Sw Uniform 0.35 0.55
Parameter Distribution Min. Value [ Max. Value | Mean value
Porosity Uniform 0.01 0.1
Well # 2 | Thickness Triangular 10 15 125
Sw Uniform 0.35 0.55
Sample Results of the computer Program
Well #1 1
Porosity | Thickness (ft) Sw Gi RF EUR(scf) | DCFROR
7.35E-02 | 12.22041924 | 0.443315 | 5.39E+09 | 0.301948 | 1.63E+09 | 0.4694
7.97E-02 | 14.14547192 | 0.547196 | 5.51E+09 | 0.709038 | 3.9E+09 | 0.8592
1.41E-02 | 14.04382681 | 0.467193 | 1.14E+09 | 0.373536 | 4.24E+08 | 0.1481
9.66E-02 | 17.24721792 | 0.375711 | 1.12E+10 | 0.364019 [ 4.08E+09 | 0.8772
5.72E-02 | 18.38910529 | 0.396578 | 6.85E+09 | 0.4687 |[3.21E+09| 0.6798
3.68E-02 | 12.13804392 | 0.425461 | 2.77E+09 | 0.279342 | 7.74E+08 | 0.2809
8.47E-02 | 14.93094271 | 0.38508 |8.38E+09 | 0.910964 | 7.64E+09 | 1.1595
3.04E-02 | 12.07513834 | 0.410977 | 2.33E+09 | 0.533873 [ 1.25E+09 | 0.3973
Well 1 - Frequency vs DCFROR
100
80 t
5 |
R
>
g 40
LL
20 M \
0 ‘ ‘ ‘ ‘
0 20 40 60 80 100 120 140
DCFROR
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Well # 2

Pososity | Thickness (ft) Sw Gi RF EUR DCFROR
7.35E-02 | 10.09990425 | 0.4433152 |2238935108 | 0.301948 | 676042002 0.25

7.97E-02 | 11.700341 |0.54719647 2288460584 | 0.7090379 (1622605287 0.5481
1.41E-02 | 11.61060484 | 0.46719346 | 471968251 | 0.3735362 | 176297213 0.0002
9.66E-02 | 13.70959348 | 0.37571083 | 4478271750 | 0.3640187 (1630174565 0.5495
5.72E-02 | 14.76324929 | 0.39657767 | 2762617814 | 0.4687001 (1294839276 0.4075
3.68E-02 | 10.03460206 | 0.42546066 | 1150564899 | 0.2793421 | 321401164 | 8.73E-02
8.47E-02 | 12.43140682 | 0.38507957 | 3507218912 | 0.9109643 [3194951256| 0.7809
3.04E-02 | 9.984851331 | 0.4109769 | 969249445 | 0.5338731 | 517456188 0.1909

Well 2 - Frequency vs DCFROR

120

100

80 X
60 \
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20
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120




Discussion of Results and Conclusion

The casing program and the completion design were successful designed to
withstand the most sever loading conditions anticipated during casing placement and the
life of the well.

Reserveis calculated by averaging the original gasin place for the entire
formation. The first well has two pay zones, the first pay zone with original gasin place
of 6545199 scf/acre-ft, average porosity of 5.23% and average water saturation of
40.014%. While, the second pay zone has an initial gas in place equals to 6701346
scf/acre-ft, average porosity of 5.678% and average water saturation of 43.221%. The
second well has an initial gas in place of 5702171 scf/acre-ft, average porosity of 4.715%
and, water saturation of 44.507%. There were slight differences between the two
methods. The first one which is calculating the reserve by averaging the whole formation
thickness is more accurate than the second one which is averaging the parameters

involved then calculating the original gasin place.

Gulf Gas Company developed a computer program (see appendix C 11) to convert
pressure to pseudo-pressure in order to evaluate the buildup test data that were obtained
from the instructor. The computer program calcul ate the following parameters: Deviation
factor, Gas viscosity and gas compressibility, which are function of pressure, in order to
calculate the pseudo-pressure. Then using Horner method, permeability, skin factor and

flow efficiency were evaluated and the results are tabulated in table 3.3.
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Reservoir Engineering definitely plays an important role in Petroleum Engineering. We
realized this by mean of the three important aspects of reservoir engineering that we dealt
with in this part of the project.

The first aspect was concerned with the generation of gas deviation factor as a
function of pseudo-reduced pressure for different pseudo-reduced temperatures. The
method used in this project to generate the z-factor values did not quite fix the standing-
katz correlation for pseudo-reduced temperatures greater than 2 and lower than 1.3. This
means that the eight-coefficient equation used is not accurate enough in all the range of
pseudo-reduced temperatures covered by the standing Katz correlation.

The viscosity versus pressure plots for our wells were accurately fixed with a
polynomial of first degree (straight line) with a regression coefficient greater than 99%.

The pressure profile was generated using the line-source solution for the
diffusivity equation with a constant flow rate that had to be maximized for seven years.
The maximum flow rates for well # 1 was determined to be 6837 Mscf/d where the
maximum flow rate for well # 2 is 6608 Mscf/d. These results seem too high for Shale
formation. This is because prediction of pressure profile for shale formation has special

method to be evaluated and in this project conventional method was used.

For the economical analysis of the two wells, a computer program was developed in

visual basic (see Appendix E) to calculate the Discount Cash Flow Rate Of Return. The
DCFROR for the

first well was determined to be 75% where DCFROR for the second well was determined

to be 50%. Thus, Gulf Gas Company decided to invest in the frist well.
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Table2.1

Well #1(fir st pay zone):

Appendix B |1

Depth |bulk Dens. |Porosity | Porosity | Rt F Rw I Sw G
N
(feet) (g/cc) (%) (%) (ohm- (ohm-m) (fraction) | (scf/ac-ft)
m)

4780 2.68 15 5546125 23 | 325.103 | 0.07075 | 7.0747|0.375964 | 7179064
4782 2.725 14.8 5.45572 22 | 335.966 | 0.06548 |6.5483(0.390784 | 6894329
4784 2.72 15 5.531365 | 22 326.84 | 0.06731 |6.7311| 0.38544 7051240
4786 2.656 14.8 5.481181 | 28 |332.852 | 0.08412 |8.4121|0.344784| 7449504
4788 2.65 16 5926199 32 |284.739| 0.11238 |11.238(0.298297| 8625777
4790 2.649 16.5 6.11107 31 |267.772 | 0.11577 |11.577|0.293902| 8950578
4792 2.651 15 5.556827 | 30 | 323.852 | 0.09263 |9.2635|0.328558| 7739336
4794 2.648 15 5557934 | 34 |323.723 | 0.10503 |10.503|0.308565| 7971372
4796 2.65 14 5.188192 | 35 | 371.508 | 0.09421 |9.4211|0.325799| 7255610
4798 2.655 14 5.186347 | 29 |371.772| 0.078 |7.8005|0.358047| 6906113
4800 2.656 14 5.185978 | 25 | 371.825| 0.06724 |6.7236|0.385655| 6608628
4802 2.725 10 3.684502 | 30 |736.618 | 0.04073 |4.0727(0.495519| 3855599
4804 2.7 10 3.693727 | 35 |732.943| 0.04775 |4.7753(0.457616| 4155662
4806 2.72 16 5.900369 | 30 |287.238 | 0.10444 |10.444(0.309428| 8451941
4808 2.73 15 5527675 21 |327.277 | 0.06417 |6.4166|0.394773| 6939515
4810 2.73 15 5527675 | 20 |327.277| 0.06111 | 6.111 | 0.404522| 6827734
4812 2.74 14.4 5.302583 | 22 | 355.652 | 0.06186 |6.1858| 0.40207 6576680
4814 2.72 14.4 5.309963 | 22 | 354.664 | 0.06203 |6.2031|0.401511| 6591989
4816 2.695 15 5.54059 21 | 325.753 | 0.06447 |6.4466|0.393853| 6966305
4818 2.73 14 5.158672 | 21 | 375.772 | 0.05588 |5.5885|0.423012| 6174096
4820 2.735 14 5.156827 | 22 |376.041| 0.0585 |5.8504|0.413434| 6274340
4822 2.745 13.9 5.116236 | 23 |382.031| 0.0602 |6.0205(0.407554| 6287351
4824 2.7 14 5.169742 | 24 | 374.164 | 0.06414 |6.4143|0.394844 | 6489403
4826 2.7 15 5.538745| 23 325.97 | 0.07056 | 7.0559(0.376465| 7163756
4828 2.7 13 4.800738 | 22 |433.894| 0.0507 |5.0704| 0.4441 5535710
4830 2.705 14 5.167897 | 21 | 374.431 | 0.05609 |5.6085(0.422257| 6193232
4832 2.71 14.8 5.461255| 21 | 335.286 | 0.06263 |6.2633|0.399575| 6801740
4834 2.685 15.2 5.618081 | 25 |316.828 | 0.07891 |7.8907|0.355993| 7504934
4836 2.67 16 5.918819 | 30 285.45 | 0.1051 | 10.51 [0.308464| 8490212
4838 2.7 14.4 5.317343 | 30 353.68 | 0.08482 |8.4822(0.343356| 7242579
4840 2.7 14 5.169742 | 29.9 | 374.164 | 0.07991 | 7.9911| 0.353749| 6930083
4842 2.725 12.5 4.607011 | 29.9 | 471.152 | 0.06346 | 6.3461|0.396959| 5762819
4844 2.73 14 5.158672 | 27 |375.772| 0.07185 |7.1852|0.373061| 6708594
4846 2.71 14 5.166052 | 25 | 374.699 | 0.06672 | 6.672 | 0.387143| 6567296
4848 2.69 14 5173432 25 |373.631| 0.06691 |6.6911|0.386591| 6582604
4850 2.72 14.5 5.346863 | 24 | 349.786 | 0.06861 |6.8613|0.381764| 6856805
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4852 271 14 5.166052 | 22 | 374.699 | 0.05871 |5.8714|0.412696| 6293475
4854 271 13 4797048 | 22 |434.562 | 0.05063 |5.0626 | 0.444441| 5528056
4856 2.725 13 4791513 24 |[435.567 | 0.0551 |5.5101|0.426012| 5704849
4858 2.72 14 5.162362 | 23 |375.235| 0.06129 |6.1295|0.403913| 6383028
4860 2.74 15 5523985 | 20 |327.714| 0.06103 |6.1029|0.404793| 6820080
4862 2.74 14.9 5487085 | 20 |332.137| 0.06022 |6.0216|0.407515| 6743538
4864 2.735 15 552583 | 22 | 327.495| 0.06718 |6.7177|0.385826| 7039759
4866 2.73 16 5.896679 | 24 |287.597 | 0.08345 | 8.345 | 0.346168| 7997279
4868 2.74 16 5.892989 | 24 |287.958 | 0.08335 |8.3346|0.346385| 7989625
4870 2.745 15 5.52214 | 23 |327.933| 0.07014 |7.0136|0.377597| 7129312
4872 2.747 15 5.521402 | 22 |328.021| 0.06707 |6.7069|0.386135| 7030574
4874 2.7 14.6 5391144 | 20 | 344.063 | 0.05813 |5.8129|0.414767| 6544529
4876 2.69 14 5173432 | 20 |373.631| 0.05353 |5.3529|0.432221| 6092932
4878 2.69 14 5173432 | 21 |373.631| 0.05621 |5.6205|0.421805| 6204713
4880 2.73 14 5.158672 | 22 | 375.772| 0.05855 |5.8546|0.413286| 6278167
4882 2.7 14.5 5.354244 | 22 | 348.822| 0.06307 |6.3069| 0.39819 | 6683839
4884 271 14.5 5.350554 | 22 | 349.303 | 0.06298 |6.2983|0.398465| 6676185
4886 2.72 14 5.162362 | 26 |375.235| 0.06929 | 6.929 | 0.379896| 6640204
4888 2.7 14.5 5.354244 | 29 | 348.822| 0.08314 |8.3137|0.346819| 7254379
4890 2.725 15 552052 | 25 | 327.058 | 0.07644 |7.6439|0.361695| 7321234
4892 2.7 15 5.538745 | 24.5 | 325.97 | 0.07516 | 7.516 | 0.364759| 7298250
4894 2.65 12 4450185 26 |504.945| 0.05149 |5.1491|0.440692| 5162945
4896 2.7 12.6 4653137 25 |461.858| 0.05413 |5.4129|0.429818| 5503363
4898 2.665 14 5.182657 | 21 |372.302| 0.05641 |5.6406|0.421054| 6223848
4900 271 15.6 5.756458 | 21.5 | 301.779 | 0.07124 | 7.1244| 0.37465 | 7467018
4902 2.7 15.7 5797048 | 23 |297.568 | 0.07729 |7.7293|0.359691| 7699549
4904 2.65 14 5.188192 | 26 |371.508 | 0.06999 |6.9985|0.378005| 6693783
4906 271 15.3 5.645756 | 26.5 | 313.73 | 0.08447 |8.4468|0.344076| 7681463
4908 2.657 15 5554613 | 25 | 324.11 | 0.07713 | 7.7134|0.360061 | 7373282
4910 271 14 5.166052 | 25 |374.699 | 0.06672 | 6.672 | 0.387143| 6567296
4912 2.7 16 5907749 | 26 |286.521| 0.09074 |9.0744|0.331964| 8186351
4914 2.65 16 5.926199 | 29.9 | 284.739 | 0.10501 |10.501|0.308594 | 8499193
4916 271 14.8 5461255 | 28 | 335.286| 0.08351 |8.3511|0.346042| 7408171
4918 2.655 15.8 5.850554 | 27 | 292.15 | 0.09242 |9.2418|0.328943| 8143755
4920 2.658 15.8 5.849446 | 27 |292.261| 0.09238 |9.2383|0.329006| 8141459
4922 2.7 14 5.169742 | 27 |374.164 | 0.07216 |7.2161|0.372262| 6731557
4924 2.72 13.8 5.088561 | 27 |386.198 | 0.06991 |6.9912|0.378201| 6563164
4926 2.7 13.6 5.02214 | 26 | 396.481 | 0.06558 | 6.5577|0.390503| 6349345
4928 2.7 14 5.169742 | 27 |374.164| 0.07216 |7.2161|0.372262| 6731557
4930 2.72 15 5.531365 | 26.5 | 326.84 | 0.08108 |8.1079|0.351192| 7444183
4932 2.725 12 4.422509 | 26.5 [ 511.284 | 0.05183 | 5.183 | 0.439247 | 5144099
4934 2.7 11 4.062731 | 27 |[605.848 | 0.04457 |4.4566|0.473696| 4435299
4936 2.69 12 4435424 30 |[508.311 | 0.05902 (5.9019|0.411627 | 5413227
4938 2.67 14 5.180812 | 34 |372.567 | 0.09126 |9.1259|0.331026| 7189113
4940 2.653 16 5.925092 | 35 |284.846| 0.12287 |12.287| 0.28528 | 8784151
4942 2.65 14.3 5.298893 | 33 |356.147 | 0.09266 |9.2658|0.328517| 7380550
4944 2.65 16 5926199 | 32 |284.739| 0.11238 |11.238|0.298297| 8625777
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4946 2.65 16 5926199 | 33 |284.739| 0.1159 | 11.59 |0.293742| 8681763
4948 2.65 15 5557196 | 32 |323.809 | 0.09882 |9.8824|0.318104| 7860358
4950 2.657 15 5554613 | 29 | 324.11 | 0.08948 |8.9476|0.334308| 7670002
4952 2.7 15 5.538745| 28 | 325.97 | 0.0859 |8.5898| 0.3412 7568909
4954 2.65 155 5741697 | 30 |303.333| 0.0989 |9.8901|0.317979| 8122811
4956 2.65 155 5741697 | 32 | 303.333 | 0.10549 |10.549|0.307882| 8243067
4958 2.65 16 5926199 | 33 |284.739| 0.1159 | 11.59 |0.293742| 8681763
4960 2.65 15 5557196 | 33 |323.809| 0.10191 |10.191|0.313247| 7916343
4962 271 13.4 4944649 34 |409.005| 0.08313 |8.3128|0.346837| 6699245
4964 2.68 14 5177122 | 32 |373.098 | 0.08577 |8.5768|0.341457| 7071976
4966 271 13.6 5.01845 | 31 | 397.064 | 0.07807 |7.8073| 0.35789 | 6684172
4968 2.65 16 5926199 | 33 |284.739| 0.1159 | 11.59 |0.293742| 8681763
4970 2.59 16.6 6.169742 | 37 |262.704 | 0.14084 |14.084 | 0.26646 | 9387702
4972 2.59 15 5579336 | 40 |321.244| 0.12452 |12.452|0.283392| 8293403
4974 2.6 14.5 5391144 | 38 |344.063| 0.11044 |11.044|0.300904| 7817837
4976 2.6 14 5.206642 | 30 | 368.88 | 0.08133 |8.1327|0.350656| 7012953
4978 2.625 14 5197417 | 24 | 370.19 | 0.06483 |6.4832|0.392742| 6546810
4980 2.63 14 5.195572 | 23.5 | 370.453 | 0.06344 | 6.3436|0.397039| 6498176
4982 2.7 13.8 5.095941 | 26 | 385.08 | 0.06752 |6.7518|0.384848| 6502429
4984 271 15 5.535055| 30 |326.404 | 0.09191 |9.1911|0.329851| 7694176
4986 2.72 14 5.162362 | 29 |375.235| 0.07728 |7.7285| 0.35971 | 6856361
4988 2.73 15 5527675 | 27 |327.277| 0.0825 |8.2499|0.348157| 7474013
4990 2.7 14 5.169742 | 27 |374.164 | 0.07216 |7.2161|0.372262| 6731557
4992 2.7 14 5.169742 | 29 |374.164 | 0.07751 | 7.7506 | 0.359197| 6871669
4994 2.68 15 5.546125| 30 |325.103| 0.09228 |9.2279|0.329192| 7717139
4996 2.65 15 5.557196 | 27 | 323.809 | 0.08338 |8.3383|0.346308| 7535247
4998 2.69 14 5173432 | 26 |373.631| 0.06959 |6.9587|0.379083| 6663167
5000 2.68 14.5 5.361624 | 25 |347.862| 0.07187 |7.1868|0.373021| 6972968
5002 2.72 14 5.162362 | 22 | 375.235| 0.05863 | 5.863 | 0.412991| 6285821
5004 2.7 14 5.169742 | 20.5 | 374.164 | 0.05479 |5.4789|0.427223| 6142191
5006 2.69 14 5173432 | 22 | 373.631| 0.05888 |5.8882|0.412107| 6308784
5008 2.7 14 5.169742 | 25 |374.164 | 0.06682 |6.6816|0.386867| 6574950
5010 2.65 12 4450185 28 |[504.945| 0.05545 |5.5452|0.424662| 5310923
5012 2.7 14 5.169742 | 30 | 374.164 | 0.08018 |8.0179|0.353159| 6936411
5014 2.68 14 5177122 | 29 |373.098 | 0.07773 |7.7728|0.358685| 6886978
5016 2.72 15 5531365 | 24 | 326.84 | 0.07343 | 7.343 | 0.36903 | 7239514
5018 2.74 14 5.154982 | 20 | 376.31 | 0.05315 |5.3148|0.433768| 6054661
5020 2.72 12 4424354 ( 21 |[510.858 | 0.04111 [4.1107| 0.49322 | 4650912
5022 2.7 14 5.169742 | 23 |374.164 | 0.06147 | 6.147 | 0.403336| 6398337
5024 271 13.8 5.092251 | 23 | 385.639 | 0.05964 |5.9641|0.409474| 6237599
5026 2.72 14 5.162362 | 20 |375.235| 0.0533 | 5.33 |0.433148| 6069969
5028 2.72 14 5.162362 | 21 | 375.235| 0.05596 |5.5965|0.422709| 6181750
5030 2.75 13 4782288 | 22 |[437.249| 0.05031 [5.0315|0.445813| 5497439
5032 2.7 13.2 4.874539 | 22 |420.855| 0.05227 |5.2274)|0.437376| 5688794
5034 2.65 14 5.188192 | 22 |371.508 | 0.05922 |5.9218|0.410935| 6339400
5036 2.65 14.4 5335793 | 25 |351.238| 0.07118 |7.1177|0.374827| 6919389
5038 2.67 14 5.180812 | 30 |372.567 | 0.08052 |8.0522|0.352405| 6959374
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5040 2.66 14 5.184502 | 31 |372.037 | 0.08333 |8.3325|0.346427| 7028611
5042 2.65 12 4.450185 | 28.5 [ 504.945 | 0.05644 |5.6442| 0.42092 | 5345461
5044 2.7 13 4800738 | 24 |433.894| 0.05531 |5.5313|0.425193| 5723984
5046 2.7 12 4431734 23 |509.158 | 0.04517 |4.5173|0.470503| 4867498
5048 2.65 16 5926199 | 23 |284.739| 0.08078 |8.0776|0.351852| 7967446
5050 2.65 16 5926199 | 24 |284.739| 0.08429 |8.4288|0.344444| 8058512
5052 2.67 15 5549815 | 23 |324.671| 0.07084 |7.0841|0.375714| 7186718
5054 2.67 15 5.549815| 20 |324.671| 0.0616 |6.1601|0.402909| 6873659
5056 2.55 16 5.9631 18 | 281.226 | 0.06401 | 6.4005|0.395268 | 7480034
5058 2.65 16 5926199 | 21 |284.739| 0.07375 |7.3752|0.368226| 7766168
5060 2.67 15.9 5.881919 | 22 |289.043| 0.07611 |7.6113|0.362468| 7778388
5062 2.68 14.8 5472325 | 18 |333.931| 0.0539 |5.3903|0.430717| 6462027
5064 2.65 14.8 5483395 | 17 |332.584| 0.05111 |5.1115|0.442309| 6343246
5066 2.6 8 299262 | 21 | 1116.6 | 0.01881 |1.8807|0.729187| 1681086
5068 2.7 12 4431734 37 |509.158 | 0.07267 |7.2669|0.370959| 5782578
5070 2.72 13 4,793358 | 30 |[435.231| 0.06893 |6.8929| 0.38089 | 6155684
5072 2.7 125 4616236 | 24 |469.271| 0.05114 |5.1143|0.442187| 5341275
5074 2.7 12 4431734 | 24 |509.158 | 0.04714 |4.7137|0.460597| 4958565
5076 271 13 4797048 | 25 |[434.562 | 0.05753 |5.7529|0.416923 | 5801877
5078 2.725 12 4422509 | 24 |511.284 | 0.04694 |4.6941|0.461557| 4939430
5080 2.725 11.9 4.385609 | 23.5 [ 519.924 | 0.0452 |4.5199|0.470366| 4818081
5082 2.69 12 4435424 | 24 |[508.311 | 0.04722 |4.7215|0.460213 | 4966219
5084 2.7 13 4800738 | 25 |[433.894| 0.05762 |5.7618|0.416603 | 5809531
5086 2.7 13 4800738 | 24 |433.894| 0.05531 |5.5313|0.425193| 5723984
5088 2.68 12.9 4771218 22 | 439.28 | 0.05008 |5.0082|0.446848 | 5474477
5090 2.7 12 4431734 22 |[509.158 | 0.04321 |(4.3209|0.481077| 4770291
5092 2.73 135 497417 | 22 |404.165| 0.05443 |5.4433|0.428616| 5895457
5094 2.73 14 5.158672 | 21 |375.772| 0.05588 |5.5885|0.423012| 6174096
5096 2.74 15 5523985 | 20 |327.714| 0.06103 |6.1029|0.404793| 6820080
5098 2.79 14.4 5284133 | 19 | 358.14 | 0.05305 |5.3052| 0.43416 | 6202063
5100 271 14 5.166052 | 19 | 374.699 | 0.05071 |5.0707|0.444083| 5957129
5102 2.72 13.4 4.940959 | 20.5 [ 409.616 | 0.05005 |5.0047|0.447004| 5667631
5104 271 13 4797048 | 21 |[434.562| 0.04832 |4.8325| 0.4549 5423986
5106 2.715 12.8 4721402 | 22 |448.599 | 0.04904 |4.9042|0.451562| 5371145
5108 2.7 13 4800738 22 |[433.894| 0.0507 |5.0704| 0.4441 5535710
5110 2.7 14 5.169742 | 20 | 374.164 | 0.05345 |5.3452| 0.43253 | 6085277
5112 2.7 15 5.538745 | 19.5 | 325.97 | 0.05982 |5.9822|0.408857| 6791608
5114 2.7 14 5.169742 | 20 | 374.164 | 0.05345 |5.3452| 0.43253 | 6085277
5116 271 14 5.166052 | 20 |374.699 | 0.05338 |5.3376|0.432839| 6077623
5118 2.7 14.8 5.464945 | 19.5 | 334.833 | 0.05824 |5.8238|0.414378| 6638524
5120 271 14 5.166052 | 19 | 374.699 | 0.05071 |5.0707|0.444083| 5957129
5122 2.725 15 552952 | 19 | 327.058 | 0.05809 |5.8094|0.414893| 6711067
5124 2.7 14.8 5.464945| 18 |334.833| 0.05376 |5.3758|0.431299| 6446718
5126 2.75 14.2 5.225092 | 19 |366.279| 0.05187 |5.1873|0.439065| 6079596
5128 2.75 14 5.151292 | 20 | 376.849 | 0.05307 |5.3072|0.434079| 6047007
5130 2.75 14 5.151292 | 20 | 376.849 | 0.05307 |5.3072|0.434079| 6047007
5132 2.74 14 5.154982 | 20 | 376.31 | 0.05315 |5.3148|0.433768| 6054661
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5134 2.74 14.9 5487085 | 20 |332.137| 0.06022 |6.0216|0.407515| 6743538
5136 271 14 5.166052 | 20 | 374.699 | 0.05338 |5.3376|0.432839| 6077623
5138 2.72 14 5.162362 | 20 |375.235| 0.0533 | 5.33 |0.433148| 6069969
5140 2.72 14 5.162362 | 20 |375.235| 0.0533 | 5.33 |0.433148| 6069969
5142 2.72 13.7 5.051661 | 20 |391.861| 0.05104 |5.1039| 0.44264 | 5840343
5144 2.72 14.4 5.309963 | 20 | 354.664 | 0.05639 |5.6391|0.421108| 6376137
5146 2.73 14.2 5232472 | 20 |365.247 | 0.05476 |5.4758|0.427344| 6215399
5148 2.75 14 5.151292 | 19 | 376.849| 0.05042 |5.0418|0.445356| 5926513
5150 2.75 13.9 5114391 | 19 |382.307 | 0.0497 |4.9698]|0.448569| 5849971
5152 2.74 14 5.154982 | 19 | 376.31 | 0.05049 | 5.049 | 0.445037| 5934167
5154 2.75 15 5520295 | 17 |328.152| 0.05181 |5.1805|0.439353| 6419788
5156 2.73 16 5.896679 | 16 |287.597 | 0.05563 |5.5633|0.423967| 7045683
5158 2.75 14 5.151292 | 17 |376.849| 0.04511 |4.5111|0.470825| 5654369
5160 2.74 14 5.154982 | 18 | 376.31 | 0.04783 |4.7833|0.457232| 5803766
5162 2.75 14 5.151292 | 19 | 376.849| 0.05042 |5.0418|0.445356| 5926513
5164 2.74 14.9 5.487085 | 19.5 | 332.137 | 0.05871 |5.8711|0.412706| 6684450
5166 2.75 15 5520295 | 20 |328.152 | 0.06095 |6.0947|0.405063| 6812426
5168 2.752 16 5.888561 | 19 |288.391| 0.06588 |6.5883|0.389596| 7455820
5170 2.75 15 5.520295| 18 |328.152| 0.05485 |5.4853|0.426974| 6561531
5172 2.73 14 5.158672 | 18 |375.772| 0.0479 |4.7901|0.456905| 5811420
5174 2.73 14 5.158672 | 17.5 | 375.772 | 0.04657 |4.6571|0.463386| 5742068
5176 2.7 15 5.538745| 17 | 325.97 | 0.05215 |5.2152|0.437889| 6458059
5178 2.725 16 5.898524 | 16 |287.418 | 0.05567 |5.5668|0.423835| 7049510
5180 2.75 15 5520295 | 17 |328.152| 0.05181 |5.1805|0.439353| 6419788
5182 2.73 14.8 5.453875 | 17.5 | 336.194 | 0.05205 |5.2053|0.438304 | 6354403
5184 2.74 14 5.154982 | 18 | 376.31 | 0.04783 |4.7833|0.457232| 5803766
5186 2.74 15 5523985 | 19 |327.714| 0.05798 |5.7977|0.415308| 6699586
5188 2.74 15 5.523985 | 19.2 | 327.714 | 0.05859 |5.8588 | 0.41314 | 6724436
5190 2.74 14 5.154982 | 19 | 376.31 | 0.05049 | 5.049 | 0.445037| 5934167
5192 2.75 13.8 5.077491 | 20 |387.884 | 0.05156 |5.1562|0.440388 | 5893923
5194 2.75 13 4782288 | 20 |[437.249| 0.04574 |4.5741)|0.467573| 5281587
5196 2.725 12.6 4643911 20 |463.695| 0.04313 |4.3132|0.481505| 4994555
5198 2.74 12 4416974 | 20.5 | 512.567 | 0.03999 | 3.9995|0.500032| 4580736
5200 271 14 5.166052 | 20 |374.699 | 0.05338 |5.3376|0.432839| 6077623
5202 2.7 14 5.169742 | 18 |374.164 | 0.04811 |4.8107|0.455927| 5834383
5204 271 14.5 5.350554 | 18 |349.303| 0.05153 |5.1531|0.440519| 6209438
5206 2.7 14 5.169742 | 19.5 | 374.164 | 0.05212 |5.2116| 0.43804 | 6026189
5208 2.67 13 4811808 20 431.9 | 0.04631 |4.6307|0.464704| 5342821
5210 2.65 14 5.188192 | 20 |371.508 | 0.05383 |5.3835|0.430992| 6123548
5212 2.7 13 4800738 20 |433.894| 0.04609 |4.6094|0.465776| 5319858
5214 2.73 12 4420664 [ 20 |[511.711 | 0.03908 |3.9085|0.505822 | 4531477
5216 2.73 13 4789668 | 20 |435.902 | 0.04588 |4.5882|0.466852| 5296896
5218 2.7 14 5.169742 | 20 | 374.164 | 0.05345 |5.3452| 0.43253 | 6085277
5220 2.7 14.6 5391144 | 20 | 344.063 | 0.05813 |5.8129|0.414767| 6544529
5222 2.73 13.8 5.084871| 20 |386.759| 0.05171 |5.1712|0.439749| 5909231
5224 2.72 14 5.162362 | 18.5 | 375.235| 0.0493 |4.9302|0.450366| 5885597
5226 2.74 14 5.154982 | 17.5 | 376.31 | 0.0465 |4.6504|0.463718| 5734413
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5228 2.74 14.8 5.450185| 16 |[336.649 | 0.04753 (4.7527 | 0.4587 6119526
5230 2.73 15 5.527675| 16 |327.277 | 0.04889 |4.8888| 0.45227 | 6280264
5232 2.73 15.2 5.601476 | 17 | 318.71 | 0.05334 | 5.334 | 0.432985| 6588180
5234 2.71 16 5.904059 | 20 |[286.879 | 0.06972 |6.9716|0.378734| 7608461
5236 2.65 17 6.295203 | 23 |252.337 | 0.09115 |9.1148|0.331227| 8732865
5238 2.55 17 6.332103 | 35 |[249.404 | 0.14033 [14.033(0.266943 | 9628409
5240 25 17.8 6.645756 | 47 |226.418 | 0.20758 |20.758 | 0.219486 | 10759541
5242 25 14 5.243542 | 57 |[363.706 | 0.15672 |15.672 | 0.252603 | 8129147
5244 2.53 14 5.232472| 45 |[365.247| 0.1232 | 12.32 | 0.284896| 7761480
5246 2.55 12.8 4782288 | 23 |437.249| 0.0526 |[5.2602(0.436014| 5594647
5248 2.6 12.8 4763838 20 |440.642 | 0.04539 [4.5388(0.469384 | 5243316
5250 2.68 12.8 4734317 | 23 |446.154 | 0.05155 [5.1552 | 0.440432 | 5495142
5252 2.7 12.4 4579336 23 |476.865| 0.04823 [4.8232(0.455338( 5173666
5254 2.7 13 4.800738 | 22 |433.894| 0.0507 |5.0704| 0.4441 5535710
5256 2.7 14 5.169742 | 22 |[374.164 | 0.0588 |5.87980.412401| 6301129
5258 2.67 14 5.180812| 20 |372.567 | 0.05368 |5.3682|0.431606| 6108240
5260 2.7 13.8 5.095941| 20 | 385.08 | 0.05194 |5.1937|0.438794| 5932194
5262 2.71 14 5.166052 | 20 |374.699 | 0.05338 |5.3376|0.432839| 6077623
5264 2.71 13.6 5.01845 | 20 |[397.064 | 0.05037 | 5.037 | 0.445569| 5771456
5266 2.72 13.8 5.088561 | 20 |386.198| 0.05179 |5.1787| 0.43943 | 5916885
5268 2.7 14 5.169742 | 20 |[374.164 | 0.05345 |5.3452 | 0.43253 | 6085277
5270 2.71 12.8 4723247 20 |448.248 | 0.04462 [ 4.4618(0.473418( 5159120
5272 2.7 13 4.800738 | 22 |433.894| 0.0507 |5.0704| 0.4441 5535710
5274 2.66 134 4.9631 23 | 405.97 | 0.05665 |5.6654 | 0.420129| 5969702
5276 2.6 134 498524 | 30 |402.372 | 0.07456 |7.4558|0.366229| 6553702
5278 2.45 12.8 4819188 | 34 |430.578| 0.07896 |7.8964 | 0.355866| 6439003
5280 2.35 12.6 4782288 | 30 |437.249| 0.06861 [6.8611(0.381772| 6132721

Table2.3

Well#1 (second pay zone):

Depth bulk [ porosityN | Porosity Rt F Rw I Sw G

Dens.
(feet) (g/cc) (%) (%) (ohm-m) (ohm-m) (fraction)| (scf/ac-
ft)

5710 2.56 16.4 6.10701 22 268.128 | 0.08205 | 8.20503 | 0.34911 (8245294
5712 2.62 17 6.30627 22 251.452 | 0.087492 | 8.7492 | 0.33808 (8658620
5714 2.56 16.8 6.25461 22 255.623 | 0.086064 | 8.60644 | 0.34087 |8551461
5716 2.57 17 6.32472 24 249.987 | 0.096005 | 9.60051 | 0.32274 (8885165
5718 2.62 16 5.93727 23 283.679|0.081078 | 8.10777 | 0.3512 |7990408
5720 2.7 15 5.53875 18 325.97 | 0.05522 |5.52199 | 0.42555 |6599802
5722 2.725 15.9 5.86162 14 291.048|0.048102 | 4.81021 | 0.45595 (6614920
5724 2.74 16 5.89299 15 287.958 | 0.052091 | 5.2091 | 0.43815 (6867960
5726 2.75 16 5.8893 16 288.319 | 0.055494 | 5.54941 | 0.4245 (7030374
5728 2.725 15.8 5.82472 16 294.747 | 0.054284 | 5.42838 | 0.4292 (6896426
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5730 2.72 16 5.90037 16 287.238 | 0.055703 | 5.5703 | 0.4237 |7053337
5732 2.7 15 5.53875 16 325.97 | 0.049084 | 4.90843 | 0.45137 6303226
5734 2.69 16 5.91144 18 286.163 | 0.062901 | 6.29012 | 0.39872 | 7372875
5736 2.65 16 5.9262 21 284.7391 0.073752 | 7.37517 | 0.36823 | 7766168
5738 2.6 15.8 5.87085 23 290.134 ] 0.079274 | 7.92738 | 0.35517 | 7852633
5740 2.55 16 5.9631 25 281.226 | 0.088896 | 8.88964 | 0.3354 (8220601
5742 2.6 16.4 6.09225 26 269.429| 0.0965 |[9.65004 | 0.32191 |8569060
5744 2.6 17 6.31365 25 250.864 | 0.099656 | 9.96555 | 0.31677 (8947749
5746 2.6 17 6.31365 26 250.864 | 0.103642 | 10.3642 | 0.31062 9028312
5748 2.67 16 5.91882 27 285.45 | 0.094588 | 9.45875 | 0.32515 |8285357
5750 271 16 5.90406 25 286.879 | 0.087145 | 8.71448 | 0.33875 8098134
5752 2.67 15.6 5.77122 23 300.238 | 0.076606 | 7.6606 | 0.3613 |7645970
5754 2.65 15 5.5572 21 323.809 | 0.064853 | 6.48531 | 0.39268 | 7000749
5756 2.68 14.8 5.47232 22 333.931| 0.065882 | 6.58819 | 0.3896 |6928773
5758 2.65 14 5.18819 23 371.508 | 0.06191 [6.19099 | 0.4019 (6436608
5760 2.61 14 5.20295 20 369.403 | 0.054141 | 5.41414 | 0.42977 |6154165
5762 2.64 14.8 5.48708 16 332.137 | 0.048173 | 4.8173 | 0.45562 6196067
5764 2.65 15.8 5.8524 14 291.966 | 0.047951 | 4.79508 | 0.45667 |6595785
5766 2.65 15 5.5572 15 323.809 | 0.046324 | 4.63236 | 0.46462 (6171429
5768 2.68 15 5.54613 16 325.103 | 0.049215 | 4.92152 | 0.45077 6318535
5770 2.68 14.8 5.47232 15 333.931| 0.04492 | 4.49195| 0.47183 |5995382
5772 2.6 15.6 5.79705 15 297.568 | 0.050409 [ 5.04086 | 0.4454 |6668951
5774 2.68 15 5.54613 17 325.103| 0.052291 | 5.22912 | 0.43731 (6473367
5776 2.69 15.8 5.83764 19 293.444 1 0.064748 | 6.47482 | 0.39299 (7350192
5778 2.65 14 5.18819 19.5 |[371.508 | 0.052489 | 5.24888 | 0.43648 | 6064460
5780 2.68 13 4.80812 20 432.563| 0.046236 | 4.6236 | 0.46506 5335167
5782 2.68 14 517712 20 373.098 | 0.053605 | 5.36052 | 0.43191 6100586
5784 2.65 15 5.5572 19 323.809 | 0.058677 | 5.86766 | 0.41283 (6768474
5786 2.6 14 5.20664 20 368.88 | 0.054218 | 5.42182 | 0.42946 (6161819
5788 2.55 13.9 5.18819 25 371.508 | 0.067293 | 6.72933 | 0.38549 [6613221
5790 2.6 14 5.20664 25 368.88 | 0.067773 | 6.77728 | 0.38412 (6651492
5792 2.64 14.8 5.48708 19 332.137 ] 0.057205 | 5.72054 | 0.4181 |6623044
5794 2.64 16 5.92989 19 284.385| 0.066811 | 6.68108 | 0.38688 |7541547
5796 2.67 15 5.54982 24 324.671)0.073921 | 7.39211 | 0.3678 |7277785
5798 2.65 15 5.5572 24 323.809 | 0.074118 | 7.41178 | 0.36732 | 7293093
5800 2.63 15.8 5.85978 25 291.231| 0.085843 | 8.58425 | 0.34131 8006284
5802 2.62 15.4 5.71587 25 306.081 | 0.081678 | 8.16778 | 0.3499 (7707770
5804 2.6 16 5.94465 22 282.975| 0.077745 | 7.77455 | 0.35864 | 7908509
5806 2.65 14 5.18819 23 371.508 | 0.06191 [6.19099 | 0.4019 (6436608
5808 2.68 15 5.54613 24 325.103| 0.073823 | 7.38228 | 0.36805 |7270131
5810 2.69 15 5.54244 21 325.536 | 0.064509 | 6.4509 | 0.39372 (6970132
5812 2.67 15.4 5.69742 20 308.066 | 0.064921 | 6.49211 | 0.39247 |7179827
5814 2.65 16 5.9262 18 284.739 | 0.063216 | 6.32157 | 0.39773 | 7403492
5816 2.7 14.4 5.31734 17 353.68 | 0.048066 | 4.8066 | 0.45612 |5998807
5818 2.7 15.2 5.61255 17 317.454 ] 0.053551 | 5.35511 | 0.43213 (6611142
5820 2.72 15.8 5.82657 20 294.56 | 0.067898 | 6.78978 | 0.38377 | 7447723
5822 2.735 14 5.15683 20 376.041 | 0.053186 | 5.31857 | 0.43361 |6058488
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5824 2.7 15 5.53875 18 325.97 | 0.05522 |[5.52199 | 0.42555 |6599802
5826 2.65 14.4 5.33579 17 351.238| 0.0484 |[4.84002 | 0.45454 (6037078
5828 2.7 15.9 5.87085 18 290.134 | 0.06204 | 6.20404 | 0.40148 |7288679
5830 2.74 14 5.15498 18 376.31 | 0.047833 | 4.78329 | 0.45723 |5803766
5832 2.75 15 5.5203 16 328.152 | 0.048758 | 4.87579 | 0.45287 |6264955
5834 2.67 16 5.91882 16 285.45 | 0.056052 | 5.60519 | 0.42238 | 7091608
5836 2.89 15.8 5.76384 16 301.007 | 0.053155 | 5.31549 | 0.43374 (6770132
5838 2.65 15.7 5.8155 16 295.683 | 0.054112 | 5.4112 | 0.42989 |6877290
5840 2.67 15.7 5.80812 14 296.435| 0.047228 | 4.72279 | 0.46015 |6503935
5842 2.65 16 5.9262 13 284.739 | 0.045656 | 4.56558 | 0.46801 6539597
5844 2.7 16 5.90775 13 286.521 | 0.045372 | 4.53719 | 0.46947 6501326
5846 2.7 16 5.90775 13 286.521 | 0.045372 | 4.53719 | 0.46947 6501326
5848 2.67 15 5.54982 14 324.671| 0.043121 | 4.31206 | 0.48157 |5968141
5850 2.68 15.2 5.61993 13 316.62 | 0.041059 | 4.10586 | 0.49351 [5904299
5852 2.65 15.6 5.7786 13 299.471| 0.04341 | 4.34099 | 0.47996 (6233429
5854 2.57 16 5.95572 14 281.924 | 0.049659 | 4.96588 | 0.44875 (6810102
5856 2.7 15.9 5.87085 15 290.134| 0.0517 |[5.17003 | 0.4398 |6822035
5858 2.7 15.6 5.76015 17 301.393 | 0.056405 | 5.64048 | 0.42106 (6917310
5860 2.73 15 5.52768 18 327.277 ) 0.054999 [ 5.49993 | 0.4264 |6576840
5862 271 15.9 5.86716 17 290.499 | 0.05852 | 5.852 | 0.41338 |7139282
5864 2.7 16 5.90775 17 286.521 | 0.059333 [ 5.93325 | 0.41054 |7223478
5866 2.68 16 5.91513 18 285.806 | 0.06298 | 6.29798 | 0.39847 | 7380530
5868 2.7 15 5.53875 16 325.97 | 0.049084 | 4.90843 | 0.45137 6303226
5870 2.65 15 5.5572 14 323.809 | 0.043235 | 4.32354 | 0.48093 |5983450
5872 2.68 16 5.91513 13 285.806 | 0.045485 | 4.54854 | 0.46888 6516634
5874 2.65 16.5 6.1107 12 267.805| 0.044809 | 4.48088 | 0.47241 |6687393
5876 2.65 14 5.18819 13 371.508 | 0.034993 | 3.49925 | 0.53458 |5008759
5878 2.6 14.4 5.35424 16 348.822 | 0.045869 | 4.58687 | 0.46692 (5920517
5880 2.65 14.6 5.40959 20 341.72 | 0.058527 | 5.85274 | 0.41335 6582800
5882 2.7 14 5.16974 18 374.164 | 0.048107 | 4.81072 | 0.45593 |5834383
5884 271 14.6 5.38745 16 344.535| 0.046439 | 4.64395 | 0.46404 |5989404
5886 2.72 14.8 5.45756 16 335.739 | 0.047656 | 4.7656 | 0.45808 6134834
5888 2.72 15 5.53137 14 326.84 | 0.042834 | 4.28344 | 0.48317 5929870
5890 271 15 5.53506 14 326.404 1 0.042892 | 4.28916 | 0.48285 5937524
5892 2.72 14.8 5.45756 145 |[335.739(0.043188 | 4.31883 | 0.48119 | 5873207
5894 271 14 5.16605 16 374.699 | 0.042701 | 4.27009 | 0.48393 |5530153
5896 271 14.8 5.46125 16 335.286 | 0.04772 [ 4.77205 | 0.45777 (6142488
5898 2.7 15.4 5.68635 16 309.267 | 0.051735 | 5.17353 | 0.43965 |6609394
5900 2.7 15 5.53875 16 325.97 | 0.049084 | 4.90843 | 0.45137 6303226
5902 2.7 14.6 5.39114 15 344.063 | 0.043597 | 4.35966 | 0.47893 |5826990
5904 2.7 14.6 5.39114 15 344.063 | 0.043597 | 4.35966 | 0.47893 |5826990
5906 271 14.6 5.38745 15 344.535| 0.043537 | 4.3537 | 0.47926 5819336
5908 2.7 16 5.90775 14 286.521 | 0.048862 | 4.88621 | 0.45239 6710598
5910 2.73 16 5.89668 14 287.597 1 0.048679 | 4.86792 | 0.45324 |6687635
5912 2.73 16 5.89668 14 287.597 1 0.048679 | 4.86792 | 0.45324 |6687635
5914 2.7 15.2 5.61255 14 317.454 1 0.044101 | 4.41009 | 0.47619 6098262
5916 2.65 15 5.5572 14 323.809 | 0.043235 | 4.32354 | 0.48093 |5983450
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5918 2.67 154 5.69742 17 308.066 | 0.055183 | 5.5183 | 0.42569 |6787189
5920 2.5 15 5.61255 18 317.454 | 0.056701 | 5.67012 | 0.41996 |6752886
5922 2.6 15 5.57565 15 321.669 | 0.046632 | 4.66317 | 0.46308 |6209700
5924 2.68 15.2 5.61993 14 316.62 [ 0.044217 | 4.4217 | 0.47556 |6113571
5926 2.7 15.8 5.83395 13 293.816 | 0.044245 | 4.42454 | 0.47541 |6348242
5928 2.7 16 5.90775 12 286.521 | 0.041882 | 4.18818 | 0.48864 |6266412
5930 2.71 16 5.90406 11 286.879 | 0.038344 | 3.83437 | 0.51068 |5992499
5932 2.68 16 5.91513 10 285.806 | 0.034989 | 3.49888 | 0.53461 |5710201
5934 2.72 16 5.90037 10 287.238 | 0.034814 | 3.48144 | 0.53595 |5679584
5936 2.68 15.9 5.87823 10 289.406 | 0.034554 | 3.45536 | 0.53796 |5633659
5938 2.69 15.9 5.87454 11 289.769 | 0.037961 | 3.79612 | 0.51325 |5931265
5940 2.69 14.4 5.32103 10 353.19 [ 0.028313  2.83134 | 0.5943 |4477876
5942 2.67 14.5 5.36531 10 347.384 | 0.028787 | 2.87866 | 0.58939 |4569726
5944 2.6 16 5.94465 13 282.975| 0.045941 | 4.59405 | 0.46655 |6577868
5946 2.6 17.8 6.60886 16 228.954 | 0.069883 | 6.98832 | 0.37828 |8522941

Table2.4

Well # 2:

bulk |porosity |Porosity| Rt F Rwa I Sw Sw Gi

Depth Dens. N

(feet) (g/cc) (%) (%) |(ohm-m (omh- (fractio (%) | (scflac-

m) n) ft)

4420 2.7 12 4.43173 23 509.16 | 0.0452 | 4.517 | 0.4705 47.05| 5060271
4422 2.659 11 4.07786 25 601.36 | 0.0416 | 4.157 | 0.4905 | 49.045| 4480771
4424 2.659 11.9 4.40996 25 514.2 | 0.0486 | 4.862 | 0.4535 | 45.352| 5196930
4426 2.659 13 4.81587 24 431.17| 0.0557 | 5.566 | 0.4239 | 42.386| 5983302
4428 2.7 13 4.80074 21 433.89( 0.0484 | 4.84 | 0.4546 | 45.455| 5646754
4430 2.658 10 3.70923 24 726.83| 0.033 | 3.302 | 0.5503 | 55.031| 3596899
4432 2.7 11.8 4.35793 26 526.55| 0.0494 | 4,938 | 0.45 45.002| 5168485
4434 2.659 12.1 4.48376 25 497.41 | 0.0503 | 5.026 | 0.4461 | 44.605| 5356077
4436 2.658 11.2 4.15203 30 580.07 | 0.0517 | 5.172 | 0.4397 | 43.972| 5016490
4438 2.657 12.3 4.5583 31 481.28 | 0.0644 | 6.441 | 0.394 | 39.402| 5956613
4440 2.7 12.2 4.50554 29 492.61| 0.0589 | 5.887 | 0.4121 | 41.215|5711496
4442 2.71 12.2 4.50185 24 493.42 | 0.0486 | 4.864 | 0.4534 | 45.342| 5306133
4444 2.73 11.8 4.34686 24 529.23 | 0.0453 | 4.535 | 0.4696 | 46.959| 4971925
4446 2.7 12 4.43173 27 509.16 | 0.053 | 5.303 | 0.4343 | 43.425| 5406688
4448 2.7 11.5 4.24723 25 554.35| 0.0451 | 4.51 | 0.4709 | 47.089| 4846012
4450 2.7 12 4.43173 25 509.16 | 0.0491 | 4.91 | 0.4513 | 45.129| 5243879
4452 2.7 11.8 4.35793 25 526.55| 0.0475 | 4.748 | 0.4589 | 45.893| 5084732
4454 2.659 12 4.44686 23 505.7 | 0.0455 | 4.548 | 0.4689 46.89| 5092896
4456 2.659 12.2 4.52066 25 489.32( 0.0511 | 5.109 | 0.4424 | 44.241| 5435650
4458 2.695 9.9 3.65867 30 747.06 | 0.0402 | 4.016 | 0.499 | 49.902| 3952595
4460 2.7 11 4.06273 30 605.85 | 0.0495 | 4.952 | 0.4494 | 44.939| 4823922
4462 2.659 10 3.70886 32 726.98 | 0.044 | 4.402 | 0.4766 | 47.663| 4185834
4464 2.7 8.8 3.25092 36 946.21| 0.038 | 3.805 | 0.5127 | 51.267| 3416346
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4466 2.7 11.2 4.13653 30 |584.42| 0.0513 | 5.133 | 0.4414 | 44.137| 4983069
4468 2.659 12.2 4.52066 25 |489.32| 0.0511 | 5.109 | 0.4424 | 44.241| 5435650
4470 2.7 12 4.43173 23 |509.16 | 0.0452 | 4.517 | 0.4705 47.05| 5060271
4472 2.657 12 4.4476 23 | 505.53| 0.0455 | 4.55 | 0.4688 | 46.882| 5094487
4474 2.7 12 4.43173 22 |509.16| 0.0432 | 4.321 | 0.4811 | 48.108| 4959214
4476 271 121 4.46494 22 |501.61| 0.0439 | 4.386 | 0.4775 47.75| 5030830
4478 2.659 12 4.44686 25 505.7 | 0.0494 | 4.944 | 0.4498 | 44.976| 5276504
4480 2.7 10.8 3.98893 26 |628.47| 0.0414 | 4.137 | 0.4917 | 49.165| 4372752
4482 2.72 12 4.42435 25 |510.86| 0.0489 | 4.894 | 0.452 | 45.204| 5227964
4484 2.7 10.2 3.76753 25 |704.51| 0.0355 | 3.549 | 0.5309 | 53.085| 3811560
4486 2.72 12 4.42435 22 |510.86| 0.0431 | 4.306 | 0.4819 | 48.188| 4943299
4488 271 12 4.42804 20 |510.01| 0.0392 | 3.922 | 0.505 | 50.498| 4726856
4490 2.7 13 4.80074 25 |433.89| 0.0576 | 5.762 | 0.4166 41.66| 6039611
4492 2.655 11.8 4.37454 30 |[522.56| 0.0574 | 5.741 | 0.4174 | 41.736| 5496316
4494 2.658 12.4 4.59483 33 |473.65| 0.0697 | 6.967 | 0.3789 | 37.886| 6154591
4496 2.658 12.4 4.59483 28 |473.65| 0.0591 | 5.911 | 0.4113 | 41.129| 5833183
4498 271 12.4 4.57565 25 |477.63| 0.0523 | 5.234 | 0.4371 43.71| 5554214
4500 271 125 4.61255 22 |470.02| 0.0468 | 4.681 | 0.4622 | 46.222| 5349123
4502 2.7 11.3 4.17343 22 |574.13| 0.0383 | 3.832 | 0.5109 | 51.085| 4402201
4504 2.658 12.4 4.59483 23 |473.65| 0.0486 | 4.856 | 0.4538 45.38| 5411985
4506 271 12.2 4.50185 22 |493.42| 0.0446 | 4.459 | 0.4736 | 47.359| 5110403
4508 2.7 12 4.43173 23 |509.16 | 0.0452 | 4.517 | 0.4705 47.05| 5060271
4510 2.657 11.2 4.1524 22 |579.97| 0.0379 | 3.793 | 0.5134 | 51.344| 4356844
4512 2.7 12 4.43173 25 |509.16| 0.0491 | 4.91 | 0.4513 | 45.129| 5243879
4514 2.7 11.8 4.35793 26 |526.55| 0.0494 | 4.938 | 0.45 45.002| 5168485
4516 2.73 12.4 4.56827 25 |479.18| 0.0522 | 5.217 | 0.4378 43.78| 5538300
4518 2.7 12.4 457934 22 |476.86| 0.0461 | 4.613 | 0.4656 | 46.557| 5277507
4520 2.7 12.4 457934 22 |476.86| 0.0461 | 4.613 | 0.4656 | 46.557| 5277507
4522 2.657 12.4 4.5952 22 |473.58| 0.0465 | 4.645 | 0.464 | 46.396| 5311723
4524 2.7 12.3 4.54244 22 |484.64| 0.0454 | 4.539 | 0.4694 | 46.935| 5197933
4526 2.654 125 4.63321 23 |465.84| 0.0494 | 4.937 | 0.45 45.004| 5494741
4528 2.655 14 5.18635 24 | 371.77| 0.0646 | 6.456 | 0.3936 | 39.358| 6782217
4530 2.655 12 4.44834 23 | 505.36 | 0.0455 | 4.551 | 0.4687 | 46.875| 5096079
4532 2.658 12.2 452103 23 |489.24| 0.047 | 4.701| 0.4612 | 46.121| 5252838
4534 2.7 141 5.20664 24 |368.88| 0.0651 | 6.506 | 0.392 | 39.205| 6825983
4536 271 12.6 4.64945 25 |462.59| 0.054 | 5.404 | 0.4302 | 43.016| 5713361
4538 271 12.4 4.57565 25 |477.63| 0.0523 | 5.234 | 0.4371 43.71| 5554214
4540 2.7 12 4.43173 25 |509.16| 0.0491 | 4.91 | 0.4513 | 45.129| 5243879
4542 2.72 13.9 5.12546 26 |380.66| 0.0683 | 6.83 | 0.3826 | 38.263| 6823609
4544 2.654 12.6 4.67011 28 |458.51| 0.0611 | 6.107 | 0.4047 | 40.466| 5995513
4546 2.658 12 4.44723 27 |505.62| 0.0534 | 5.34 | 0.4327 | 43.274| 5440108
4548 271 12 4.42804 24 |510.01| 0.0471 | 4.706 | 0.461 | 46.098| 5146987
4550 2.656 13.2 4.89077 25 |418.07| 0.0598 | 5.98 | 0.4089 | 40.893| 6233770
4552 2.657 13 4.81661 23 |431.04| 0.0534 | 5.336 | 0.4329 | 43.291| 5890220
4554 2.7 12 4.43173 22 |509.16| 0.0432 | 4.321 | 0.4811 | 48.108| 4959214
4556 2.7 13 4.80074 23 |433.89| 0.053 | 5.301 | 0.4343 | 43.434| 5856003
4558 2.659 12 4.44686 25 505.7 | 0.0494 | 4.944 | 0.4498 | 44.976| 5276504
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4560 2.659 12 4.44686 26 505.7 | 0.0514 | 5.141 | 0.441 | 44.102| 5360257
4562 2.65 121 4.48708 30 |[496.67| 0.0604 | 6.04 | 0.4069 | 40.689| 5739015
4564 2.63 13.2 4.90037 31 |416.43| 0.0744 | 7.444 | 0.3665 | 36.651| 6694258
4566 2.65 13 4.81919 30 |[430.58| 0.0697 | 6.967 | 0.3788 | 37.885| 6455174
4568 2.65 13 4.81919 24 | 430.58| 0.0557 | 5.574 | 0.4236 | 42.357| 5990463
4570 2.653 13 4.81808 25 |430.78| 0.058 | 5.803 | 0.4151 41.51| 6077011
4572 2.653 11.8 4.37528 30 |[522.38| 0.0574 | 5.743 | 0.4173 | 41.729| 5497908
4574 2.652 12 4.44945 32 |505.11| 0.0634 | 6.335 | 0.3973 39.73| 5782869
4576 2.655 135 5.00185 27 399.7 | 0.0675 | 6.755 | 0.3848 | 38.476| 6636095
4578 2.7 12 4.43173 30 |[509.16| 0.0589 | 5.892 | 0.412 | 41.197| 5619655
4580 2.658 12 4.44723 30 |[505.62| 0.0593 | 5.933 | 0.4105 | 41.053| 5653076
4582 2.655 12.8 4.74354 25 |444.42| 0.0563 | 5.625 | 0.4216 | 42.163| 5916273
4584 2.7 13 4.80074 22 |433.89| 0.0507 | 5.07 | 0.4441 44.41| 5754946
4586 2.73 12 4.42066 22 |511.71| 0.043 | 4.299 | 0.4823 | 48.228| 4935342
4588 2.7 12.8 4.72694 22 |447.55| 0.0492 | 4.916 | 0.451 | 45.103| 5595800
4590 2.7 125 4.61624 22 |469.27 | 0.0469 | 4.688 | 0.4618 | 46.185| 5357080
4592 2.7 12.4 457934 22 |476.86| 0.0461 | 4.613 | 0.4656 | 46.557| 5277507
4594 2.7 12.7 4.69004 23 | 454.62| 0.0506 | 5.059 | 0.4446 | 44.459| 5617284
4596 2.7 12.2 4.50554 24 |492.61| 0.0487 | 4.872 | 0.4531 | 45.305| 5314091
4598 2.7 12.7 4.69004 24 | 454.62| 0.0528 | 5.279 | 0.4352 | 43.523| 5711957
4600 2.7 13 4.80074 24 | 433.89| 0.0553 | 5.531 | 0.4252 | 42.519| 5950677
4602 271 125 4.61255 23 |470.02| 0.0489 | 4.893 | 0.4521 | 45.206| 5450180
4604 2.72 12 4.42435 25 |510.86| 0.0489 | 4.894 | 0.452 | 45.204| 5227964
4606 2.73 9 3.31365 29 |910.72| 0.0318 | 3.184 | 0.5604 | 56.039| 3141279
4608 2.659 10 3.70886 25 |726.98| 0.0344 | 3.439 | 0.5392 | 53.925| 3685038
4610 2.657 13 4.81661 25 |431.04| 0.058 5.8 [ 0.4152 | 41.523| 6073828
4612 2.654 12 4.44871 29 |505.28| 0.0574 | 5.739 | 0.4174 | 41.741)| 5588953
4614 2.657 14 5.18561 29 |371.88| 0.078 | 7.798 | 0.3581 35.81| 7178031
4616 2.658 12 4.44723 26 |505.62| 0.0514 | 5.142 | 0.441 | 44.098| 5361052
4618 2.7 13 4.80074 30 |[433.89( 0.0691 | 6.914 | 0.3803 38.03| 6415388
4620 2.7 11.8 4.35793 28 |526.55| 0.0532 | 5.318 | 0.4337 | 43.365| 5322323
4622 2.7 11 4.06273 21 |605.85| 0.0347 | 3.466 | 0.5371 | 53.712| 4055289
4624 2.658 13.8 5.11144 21 | 382.75| 0.0549 | 5.487 | 0.4269 | 42.692| 6316761
4626 2.658 12 4.44723 26 |505.62| 0.0514 | 5.142 | 0.441 | 44.098| 5361052
4628 2.657 11.7 4.3369 25 |531.67| 0.047 |4.702 | 0.4612 | 46.116| 5039375
4630 2.659 12 4.44686 22 505.7 | 0.0435 | 4.35 | 0.4794 | 47.944| 4991839
4632 2.657 13.8 5.11181 21 |382.69| 0.0549 | 5.487 | 0.4269 | 42.689| 6317557
4634 2.658 12 4.44723 22 | 505.62| 0.0435 | 4.351 | 0.4794 47.94| 4992634
4636 271 12.4 4.57565 21 |477.63| 0.044 | 4.397 | 0.4769 | 47.691| 5161357
4638 2.7 12.4 457934 20 |476.86| 0.0419 | 4.194 | 0.4883 48.83| 5053106
4640 2.659 13 4.81587 20 |431.17| 0.0464 | 4.639 | 0.4643 | 46.431| 5563171
4642 2.7 13.8 5.09594 23 |385.08| 0.0597 | 5.973 | 0.4092 | 40.918| 6492590
4644 2.658 13 4.81624 20 |431.11| 0.0464 | 4.639 | 0.4643 | 46.428| 5563967
4646 2.7 13 4.80074 20 |433.89| 0.0461 | 4.609 | 0.4658 | 46.578| 5530546
4648 2.74 13 4.78598 21 |436.57| 0.0481 | 4.81 | 0.456 | 45.595| 5614925
4650 2.74 12.4 4.56458 20 |479.95| 0.0417 | 4.167 | 0.4899 | 48.987| 5021277
4652 2.74 12.4 4.56458 20 |479.95| 0.0417 | 4.167 | 0.4899 | 48.987| 5021277
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4654 2.7 13 4.80074 20 |433.89| 0.0461 | 4.609 | 0.4658 | 46.578| 5530546
4656 2.72 13.8 5.08856 21 386.2 | 0.0544 | 5.438 | 0.4288 | 42.884| 6267426
4658 2.7 13 4.80074 23 |433.89| 0.053 | 5.301 | 0.4343 | 43.434| 5856003
4660 2.7 13 4.80074 22 |433.89| 0.0507 | 5.07 | 0.4441 44.41| 5754946
4662 271 12.4 4.57565 20 |477.63| 0.0419 | 4.187 | 0.4887 | 48.869| 5045149
4664 2.658 12.6 4.66863 22 458.8 | 0.048 | 4.795 | 0.4567 | 45.667| 5470074
4666 2.654 13.8 5.11292 26 |382.53| 0.068 | 6.797 | 0.3836 | 38.357| 6796554
4668 2.658 13.8 5.11144 29 |382.75| 0.0758 | 7.577 | 0.3633 | 36.329| 7018089
4670 2.658 13 4.81624 25 |431.11| 0.058 | 5.799 | 0.4153 | 41.526| 6073032
4672 2.658 13 4.81624 25 |431.11| 0.058 | 5.799 | 0.4153 | 41.526| 6073032
4674 2.7 114 4.21033 27 |564.11| 0.0479 | 4.786 | 0.4571 | 45.709| 4929248
4676 2.7 12 4.43173 25 |509.16| 0.0491 | 4.91 | 0.4513 | 45.129| 5243879
4678 271 13 4.79705 23 |434.56| 0.0529 | 5.293 | 0.4347 | 43.467| 5848046
4680 271 12.6 4.64945 21 |462.59| 0.0454 | 4.54 | 0.4693 | 46.934| 5320504
4682 2.7 13 4.80074 24 | 433.89| 0.0553 | 5.531 | 0.4252 | 42.519| 5950677
4684 2.655 13 481734 25 |430.91| 0.058 | 5.802 | 0.4152 | 41.517| 6075419
4686 2.657 12 4.4476 25 | 505.53| 0.0495 | 4.945 | 0.4497 | 44.968| 5278095
4688 2.656 14 5.18598 25 |371.83| 0.0672 | 6.724 | 0.3857 | 38.566| 6870356
4690 2.656 13 4.81697 24 | 430.97 | 0.0557 | 5.569 | 0.4238 | 42.376| 5985689
4692 2.658 14 5.18524 25 |371.93| 0.0672 | 6.722 | 0.3857 | 38.571| 6868765
4694 2.65 14 5.18819 28 |371.51| 0.0754 | 7.537 | 0.3643 | 36.425| 7112722
4696 2.7 13 4.80074 27 |433.89| 0.0622 | 6.223 | 0.4009 | 40.088| 6202420
4698 2.652 13 4.81845 25 |[430.71| 0.058 | 5.804 | 0.4151 | 41.507| 6077806
4700 2.655 12.6 4.66974 25 |458.58| 0.0545 | 5.452 | 0.4283 | 42.829| 5757126
4702 2.657 13.6 5.03801 25 |393.99| 0.0635 | 6.345 | 0.397 | 39.698| 6551267
4704 2.657 11.8 4.3738 26 |522.74| 0.0497 | 4.974 | 0.4484 | 44.839| 5202702
4706 2.7 12.2 4.50554 26 [492.61| 0.0528 | 5.278 | 0.4353 | 43.528| 5486778
4708 2.657 114 4.2262 26 |559.89| 0.0464 | 4.644 | 0.464 | 46.405| 4884408
4710 2.657 12.4 4.5952 25 |473.58| 0.0528 | 5.279 | 0.4352 | 43.524| 5596388
4712 2.657 12.2 45214 26 |489.16| 0.0532 | 5.315 | 0.4338 | 43.375| 5520995
4714 2.65 14 5.18819 31 |371.51| 0.0834 | 8.344 | 0.3462 | 34.618| 7314929
4716 2.63 14 5.19557 35 |[370.45| 0.0945 | 9.448 | 0.3253 | 32.534| 7558875
4718 2.63 13 4.82657 33 |429.26| 0.0769 | 7.688 | 0.3607 | 36.067| 6654311
4720 2.65 13 4.81919 30 |[430.58| 0.0697 | 6.967 | 0.3788 | 37.885| 6455174
4722 2.65 12 4.45018 27 |504.94| 0.0535 | 5.347 | 0.4325 | 43.245| 5446474
4724 2.63 13 4.82657 28 |429.26| 0.0652 | 6.523 | 0.3915 | 39.155| 6332904
4726 2.63 13.8 5.12177 28 |[381.21| 0.0735 | 7.345| 0.369 | 36.898| 6969490
4728 2.652 12.4 4.59705 25 473.2 | 0.0528 | 5.283 | 0.4351 | 43.506| 5600367
4730 2.653 12.6 4.67048 23 |458.43| 0.0502 | 5.017 | 0.4465 | 44.645| 5575110
4732 2.65 13 4.81919 25 |430.58| 0.0581 | 5.806 | 0.415 | 41.501| 6079398
4734 2.65 13.4 4.96679 26 |405.37| 0.0641 | 6.414 | 0.3949 | 39.485| 6481444
4736 2.653 14 5.18708 30 |[371.67| 0.0807 | 8.072 | 0.352 | 35.198| 7248520
4738 2.651 13 4.81882 33 |430.64| 0.0766 | 7.663 | 0.3612 | 36.125| 6637601
4740 2.654 14 5.18672 32 |371.72| 0.0861 | 8.609 | 0.3408 | 34.083| 7372743
4742 2.7 12 4.43173 30 |[509.16| 0.0589 | 5.892 | 0.412 | 41.197| 5619655
4744 2.7 12.8 4.72694 27 |447.55| 0.0603 | 6.033 | 0.4071 | 40.713| 6043274
4746 2.65 13.8 5.11439 28 |[382.31| 0.0732 | 7.324 | 0.3695 | 36.951| 6953575
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4748 2.6 13.8 5.13284 38 |[379.56| 0.1001 | 10.01 | 0.316 | 31.605| 7570441
4750 2.558 14.2 529594 | 40 |356.54| 0.1122 | 11.22 | 0.2986 | 29.856| 8010732
4752 2.657 13.6 5.03801 26 |[393.99| 0.066 | 6.599 | 0.3893 | 38.927| 6635020
4754 2.657 13 4.81661 22 |431.04| 0.051 | 5.104 | 0.4426 | 44.264| 5789163
4756 2.655 13 481734 25 |430.91| 0.058 | 5.802 | 0.4152 | 41.517| 6075419
4758 2.659 13 4.81587 30 |[431.17| 0.0696 | 6.958 | 0.3791 | 37.911| 6448013
4760 2.656 14 5.18598 30 |[371.83| 0.0807 | 8.068 | 0.3521 | 35.205| 7246133
4762 2.655 13.8 5.11255 27 |382.58| 0.0706 | 7.057 | 0.3764 | 37.643| 6874814
4764 2.659 12 4.44686 25 505.7 | 0.0494 | 4.944 | 0.4498 | 44.976| 5276504
4766 2.7 13.9 5.13284 25 |379.56| 0.0659 | 6.587 | 0.3896 | 38.965| 6755771
4768 2.652 13 4.81845 26 |430.71| 0.0604 | 6.037 | 0.407 | 40.701| 6161559
4770 2.65 14 5.18819 28 |371.51| 0.0754 | 7.537 | 0.3643 | 36.425| 7112722
4772 2.651 14 5.18782 24 | 371.56| 0.0646 | 6.459 | 0.3935 | 39.347| 6785400
4774 2.658 13 4.81624 20 |431.11| 0.0464 | 4.639 | 0.4643 | 46.428| 5563967
4776 2.655 13 481734 21 |430.91| 0.0487 | 4.873 | 0.453 | 45.298| 5682562
4778 2.653 13 4.81808 20 |430.78| 0.0464 | 4.643 | 0.4641 46.41| 5567945
4780 2.7 13.4 4.94834 19 408.4 | 0.0465 | 4.652 | 0.4636 | 46.362| 5723573
4782 2.65 14 5.18819 19 |371.51| 0.0511 | 5.114 | 0.4422 | 44.219| 6240799
4784 2.55 13.8 5.15129 20 |376.85| 0.0531 | 5.307 | 0.4341 | 43.408| 6286492
4786 2.655 12.4 4.59594 24 | 473.42| 0.0507 | 5.069 | 0.4441 | 44.414| 5509045
4788 2.657 13.6 5.03801 30 |[393.99| 0.0761 | 7.614 | 0.3624 | 36.239| 6927044
4790 2.7 11.8 4.35793 25 |526.55| 0.0475 | 4.748 | 0.4589 | 45.893| 5084732
4792 2.7 14 5.16974 20 |374.16| 0.0535 | 5.345 | 0.4325 | 43.253| 6326279
4794 2.659 13 4.81587 19 |431.17) 0.0441 | 4.407 | 0.4764 | 47.637| 5437905
4796 271 12 4.42804 20 |510.01| 0.0392 | 3.922 | 0.505 | 50.498| 4726856
4798 2.659 14 5.18487 19 |371.98| 0.0511 | 5.108 | 0.4425 | 44.247| 6233638
4800 2.7 14.2 5.24354 18 |363.71| 0.0495 | 4.949 | 0.4495 | 44.951| 6224594
4802 2.725 13 4.79151 19 |435.57)| 0.0436 | 4.362 | 0.4788 47.88| 5385387
4804 2.7 13 4.80074 20 |433.89| 0.0461 | 4.609 | 0.4658 | 46.578| 5530546
4806 2.658 13 4.81624 20 |431.11| 0.0464 | 4.639 | 0.4643 | 46.428| 5563967
4808 2.7 13 4.80074 19 |433.89| 0.0438 | 4.379 | 0.4779 | 47.788| 5405280
4810 2.7 13.6 5.02214 20 |[396.48| 0.0504 | 5.044 | 0.4452 | 44.524)| 6007985
4812 2.657 13.8 5.11181 26 |382.69| 0.0679 | 6.794 | 0.3837 | 38.365| 6794167
4814 2.652 13 4.81845 26 |430.71| 0.0604 | 6.037 | 0.407 | 40.701| 6161559
4816 2.658 13 4.81624 25 |431.11| 0.058 | 5.799 | 0.4153 | 41.526| 6073032
4818 2.652 14 5.18745 23 |371.61| 0.0619 | 6.189 | 0.402 | 40.196| 6689931
4820 2.655 14.2 5.26015 20 |361.41| 0.0553 | 5.534 | 0.4251 42.51| 6521233
4822 2.656 13.8 5.11218 20 |382.64| 0.0523 | 5.227 | 0.4374 43.74| 6202144
4824 2.7 12 4.43173 20 |509.16| 0.0393 | 3.928 | 0.5046 | 50.456| 4734813
4826 2.65 14 5.18819 22 |371.51| 0.0592 | 5.922 | 0.4109 | 41.093| 6590466
4828 2.62 14.2 5.27306 21 | 359.65| 0.0584 | 5.839 | 0.4138 | 41.384| 6665292
4830 2.654 13 481771 19 |430.84| 0.0441 | 4.41 | 0.4762 | 47.619| 5441884
4832 2.659 13 4.81587 15 |431.17) 0.0348 | 3.479 | 0.5361 | 53.614| 4817215
4834 2.559 14 5.22177 20 |366.75| 0.0545 | 5.453 | 0.4282 | 42.822| 6438477
4836 2.65 13.8 5.11439 21 |382.31| 0.0549 | 5.493 | 0.4267 | 42.667| 6323127
4838 2.655 14 5.18635 18 | 371.77) 0.0484 | 4.842 | 0.4545 | 45.447| 6101256
4840 2.5583 13 4.85303 15 |424.59) 0.0353 | 3.533 | 0.532 | 53.204| 4897345

102




4842 2.558 16 5.96015 19 281.5 | 0.0675 | 6.749 | 0.3849 | 38.492| 7905472
4844 2.65 14 5.18819 30 |[371.51| 0.0808 | 8.075 | 0.3519 35.19( 7250907
4846 2.658 10 3.70923 39 |726.83| 0.0537 | 5.366 | 0.4317 43.17| 4545645
4848 2.657 12 4.4476 30 |505.53| 0.0593 | 5.934 | 0.4105 41.05| 5653872
4850 2.657 13 4.81661 27 |431.04| 0.0626 | 6.264 | 0.3996 | 39.956| 6236637
4852 2.7 12 4.43173 29 |509.16| 0.057 | 5.696 | 0.419 | 41.901|5552349
4854 2.7 11 4.06273 27 |605.85( 0.0446 | 4.457 | 0.4737 47.37| 4610955
4856 2.7 12 4.43173 26 |509.16 | 0.0511 | 5.106 | 0.4425 | 44.253| 5327632
4858 2.7 11.8 4.35793 25 |526.55| 0.0475 | 4.748 | 0.4589 | 45.893| 5084732
4860 2.657 12 4.4476 27 | 505.53| 0.0534 | 5.341 | 0.4327 | 43.271| 5440904
4862 2.658 12.4 4.59483 25 |473.65| 0.0528 | 5.278 | 0.4353 | 43.527| 5595592
4864 2.659 13.6 5.03727 23 394.1 | 0.0584 | 5.836 | 0.4139 | 41.394| 6366068
4866 2.658 12 4.44723 24 | 505.62| 0.0475 | 4.747 | 0.459 | 45.899| 5188365
4868 2.658 12 4.44723 24 | 505.62| 0.0475 | 4.747 | 0.459 | 45.899| 5188365
4870 2.658 12.4 4.59483 22 |473.65| 0.0464 | 4.645 | 0.464 46.4| 5310927
4872 2.659 13.8 5.11107 19 382.8 | 0.0496 | 4.963 | 0.4489 | 44.886| 6074491
4874 2.7 13.7 5.05904 18 |390.72| 0.0461 | 4.607 | 0.4659 46.59| 5826728
4876 2.7 14 5.16974 19 |374.16| 0.0508 | 5.078 | 0.4438 | 44.377| 6201013
4878 2.658 13.6 5.03764 20 |[394.05| 0.0508 | 5.076 | 0.4439 | 44.387| 6041406
4880 2.656 13 4.81697 20 |[430.97| 0.0464 | 4.641 | 0.4642 | 46.421| 5565558
4882 2.7 13 4.80074 20 |433.89| 0.0461 | 4.609 | 0.4658 | 46.578| 5530546
4884 2.658 12 4.44723 20 |505.62 | 0.0396 | 3.956 | 0.5028 50.28| 4768234
4886 2.659 12 4.44686 20 505.7 | 0.0395 | 3.955 | 0.5028 | 50.284| 4767438
4888 2.658 13.2 4.89004 19 |418.19| 0.0454 | 4.543 | 0.4691 | 46.915| 5597847
4890 2.656 14 5.18598 18 |371.83| 0.0484 | 4.841 | 0.4545 45.45| 6100460
4892 2.657 13 4.81661 19 |431.04| 0.0441 | 4.408 | 0.4763 47.63| 5439496
4894 2.658 14 5.18524 18 |371.93| 0.0484 | 4.84 | 0.4546 | 45.456| 6098868
4896 2.658 13 4.81624 18 |431.11)| 0.0418 | 4.175 | 0.4894 | 48.939| 5303136
4898 2.7 13 4.80074 18 |433.89| 0.0415 | 4.148 | 0.491 | 49.097| 5269715
4900 2.657 13.4 4.96421 18 |405.79| 0.0444 | 4.436 | 0.4748 47.48| 5622225
4902 2.659 13 4.81587 18 |431.17) 0.0417 | 4.175 | 0.4894 | 48.943| 5302340
4904 271 14 5.16605 18 374.7 | 0.048 | 4.804 | 0.4563 | 45.625| 6057490
4906 2.7 14 5.16974 17 | 374.16| 0.0454 | 4.543 | 0.4691 | 46.914| 5918091
4908 271 14 5.16605 17 374.7 | 0.0454 | 4.537 | 0.4695 | 46.948| 5910133
4910 271 13.6 5.01845 19 |397.06| 0.0479 | 4.785 | 0.4571 | 45.714| 5874762
4912 2.7 12.4 457934 20 |476.86| 0.0419 | 4.194 | 0.4883 48.83| 5053106
4914 2.7 12.4 457934 19 |476.86| 0.0398 | 3.984 | 0.501 | 50.098| 4927840
4916 2.7 13 4.80074 19 |433.89| 0.0438 | 4.379 | 0.4779 | 47.788| 5405280
4918 2.657 12 4.4476 19 |505.53| 0.0376 | 3.758 | 0.5158 | 51.582| 4643764
4920 2.656 14 5.18598 19 |371.83| 0.0511 | 5.11 | 0.4424 | 44.238| 6236025
4922 2.7 13.8 5.09594 18 |385.08| 0.0467 | 4.674 | 0.4625 | 46.253| 5906301
4924 271 14 5.16605 18 374.7 | 0.048 | 4.804 | 0.4563 | 45.625| 6057490
4926 271 13.8 5.09225 18 |385.64| 0.0467 | 4.668 | 0.4629 | 46.286| 5898344
4928 271 14 5.16605 18 374.7 | 0.048 | 4.804 | 0.4563 | 45.625| 6057490
4930 271 14 5.16605 16 374.7 | 0.0427 | 4.27 | 0.4839 | 48.393| 5749169
4932 2.72 14 5.16236 15 |375.23| 0.04 | 3.997 | 0.5002 | 50.016| 5564408
4934 2.7 14.5 5.35424 16 | 348.82| 0.0459 | 4.587 | 0.4669 | 46.692| 6154993
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4936 271 14 5.16605 17 374.7 | 0.0454 | 4.537 | 0.4695 | 46.948| 5910133
4938 271 14 5.16605 17 374.7 | 0.0454 | 4.537 | 0.4695 | 46.948| 5910133
4940 2.72 13 4.79336 18 |435.23| 0.0414 | 4.136 | 0.4917 | 49.173| 5253800
4942 2.5 13 4.87454 18 |420.86| 0.0428 | 4.277 | 0.4835 | 48.354| 5428862
4944 2.72 13.8 5.08856 16 386.2 | 0.0414 | 4.143 | 0.4913 49.13| 5582065
4946 2.72 14 5.16236 15 |375.23| 0.04 | 3.997 | 0.5002 | 50.016| 5564408
4948 2.72 14 5.16236 16 | 375.23| 0.0426 | 4.264 | 0.4843 | 48.427| 5741212
4950 2.7 13 4.80074 15 |433.89| 0.0346 | 3.457 | 0.5378 | 53.783| 4784590
4952 2.657 13 4.81661 15 |431.04)| 0.0348 | 3.48 | 0.5361 | 53.606| 4818806
4954 2.659 14 5.18487 14 | 371.98| 0.0376 | 3.764 | 0.5155 | 51.546| 5417524
4956 2.7 14.2 5.24354 15 |363.71| 0.0412 | 4.124 | 0.4924 | 49.241| 5739469
4958 2.7 14 5.16974 15 |374.16| 0.0401 | 4.009 | 0.4994 | 49.944| 5580322
4960 2.7 14 5.16974 15 |374.16| 0.0401 | 4.009 | 0.4994 | 49.944| 5580322
4962 2.7 14 5.16974 16 | 374.16| 0.0428 | 4.276 | 0.4836 | 48.358| 5757126
4964 2.7 14 5.16974 17 | 374.16| 0.0454 | 4.543 | 0.4691 | 46.914| 5918091
4966 2.7 14.3 5.28044 17 | 358.64| 0.0474 | 4.74 | 0.4593 | 45.931| 6156810
4968 2.7 12.4 457934 18 |476.86| 0.0377 | 3.775 | 0.5147 | 51.471| 4792275
4970 2.73 13 4.78967 18 435.9 | 0.0413 | 4.129 | 0.4921 | 49.211| 5245843
4972 2.75 12.7 4.67159 20 |458.22| 0.0436 | 4.365 | 0.4787 | 47.865| 5252039
4974 2.72 12 4.42435 19 |510.86| 0.0372 | 3.719 | 0.5185 | 51.853| 4593633
4976 2.7 12.8 4.72694 17 |447.55| 0.038 | 3.798 | 0.5131 | 51.309| 4963211
4978 2.658 13 4.81624 15 |431.11) 0.0348 | 3.479 | 0.5361 53.61{ 4818010
4980 2.658 13.8 5.11144 17 | 382.75| 0.0444 | 4.442 | 0.4745 47.45| 5792365
4982 2.656 13.9 5.14908 18 | 377.17)| 0.0477 | 4.772 | 0.4578 | 45.776| 6020887
4984 2.657 13 4.81661 18 |431.04| 0.0418 | 4.176 | 0.4894 | 48.935| 5303932
4986 2.657 12.4 45952 18 |473.58| 0.038 | 3.801 | 0.5129 | 51.293| 4826492
4988 2.7 14 5.16974 19 |374.16| 0.0508 | 5.078 | 0.4438 | 44.377| 6201013
4990 2.7 13 4.80074 19 |433.89| 0.0438 | 4.379 | 0.4779 | 47.788| 5405280
4992 2.7 12 4.43173 19 |509.16| 0.0373 | 3.732 | 0.5177 | 51.767| 4609547
4994 2.656 14 5.18598 18 |371.83| 0.0484 | 4.841 | 0.4545 45.45| 6100460
4996 2.7 14.2 5.24354 17 | 363.71| 0.0467 | 4.674 | 0.4625 | 46.254| 6077237
4998 2.658 13 4.81624 17 |431.11| 0.0394 | 3.943 | 0.5036 | 50.358| 5155779
5000 2.7 14.2 5.24354 17 | 363.71| 0.0467 | 4.674 | 0.4625 | 46.254| 6077237
5002 2.72 13 4.79336 15 |435.23| 0.0345 | 3.446 | 0.5387 | 53.866| 4768675
5004 2.657 14 5.18561 14 | 371.88| 0.0376 | 3.765 | 0.5154 | 51.539| 5419115
5006 2.658 14 5.18524 14 | 371.93| 0.0376 | 3.764 | 0.5154 | 51.543| 5418319
5008 2.655 14 5.18635 15 | 371.77) 0.0403 | 4.035 | 0.4978 | 49.784| 5616130
5010 2.651 14 5.18782 17 | 371.56| 0.0458 | 4.575 | 0.4675 | 46.751| 5957082
5012 2.62 15 5.56827 21 |322.52| 0.0651 | 6.511 | 0.3919 39.19( 7301878
5014 2.552 15 5.59336 31 |319.64| 0.097 | 9.699 | 0.3211 32.11| 8188644
5016 2.53 14.5 5.41697 50 |[340.79| 0.1467 | 14.67 | 0.2611 | 26.107| 8631696
5018 2.53 14 5.23247 60 |[365.25| 0.1643 | 16.43 | 0.2467 | 24.673| 8499543
5020 2.52 14.2 5.30996 60 |[354.66| 0.1692 | 16.92 | 0.2431 | 24.313| 8666647
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Appendix C

Table3.1
Well #1
tp = 339.749 hrs T=137 F Gas gravity=0.6
Shut-in Pressure Shut-in (dt+tp)/dt z Vis, cp m(p) dm(p)
time(Min.) (Psia) time(hrs) psi*2/cp
0 620 0 0.8764 0.013791 3.15E+07
1 623 0.0166667 20385.94 0.8761 0.013797 3.18E+07| 3.09E+05
2 629 0.0333333 10193.47 0.8754 0.013808 3.25E+07| 9.31E+05
3 639 0.05 6795.98 0.8737 0.013839 3.35E+07| 1.98E+06
4 645 0.0666667 | 5097.235 0.8727 0.013859 3.42E+07| 2.62E+06
5 655 0.0833333 | 4077.988 0.8723 0.013867 3.52E+07| 3.69E+06
6 659 0.1 3398.49 0.8709 0.013894 3.57E+07| 4.13E+06
8 673 0.1333333 | 2549.1175 0.8702 0.01391 3.72E+07| 5.67E+06
10 681 0.1666667 2039.494 0.8693 0.013928 3.81E+07| 6.57E+06
15 690 0.25 1359.996 0.8674 0.013973 3.91E+07| 7.59E+06
20 712 0.3333333 1020.247 0.8666 0.013991 4.17E+07| 1.01E+07
25 721 0.4166667 | 816.3976 0.8661 0.014005 4.27E+07| 1.12E+07
30 728 0.5 680.498 0.865 0.014032 4.36E+07| 1.20E+07
40 741 0.6666667 | 510.6235 0.8645 0.014046 4.51E+07| 1.36E+07
50 748 0.8333333 | 408.6988 0.864 0.014061 4.60E+07| 1.45E+07
60 755 1 340.749 0.8631 0.014088 4.69E+07| 1.53E+07
75 768 1.25 272.7992 0.8625 0.014106 4.85E+07| 1.70E+07
90 777 15 227.49933 0.8615 0.01414 4.96E+07| 1.81E+07
120 793 2 170.8745 0.8607 0.014169 5.17E+07| 2.02E+07
150 807 25 136.8996 0.8602 0.014188 5.35E+07| 2.20E+07
180 816 3 114.24967 0.8555 0.01422 5.47E+07| 2.32E+07
240 827 4 85.93725 0.8555 0.014234 5.62E+07| 2.47E+07
300 834 5 68.9498 0.8555 0.014247 5.72E+07| 2.57E+07
360 840 6 57.624833 0.8555 0.014267 5.80E+07| 2.65E+07
480 850 8 43.468625 0.8555 0.014284 5.94E+07| 2.79E+07
600 858 10 34.9749 0.8555 0.014302 6.05E+07| 2.90E+07
720 867 12 29.312417 0.8557 0.014323 6.18E+07| 3.03E+07
960 877 16 22.234313 0.8557 0.014335 6.32E+07| 3.17E+07
1200 883 20 17.98745 0.8559 0.014348 6.41E+07| 3.25E+07
1440 889 24 15.156208 0.8561 0.014374 6.49E+07| 3.34E+07
1800 902 30 12.324967 0.8566 0.014405 6.68E+07| 3.53E+07
2160 917 36 10.437472 0.8571 0.014436 6.91E+07| 3.75E+07
2520 932 42 9.0892619 0.8577 0.014467 7.13E+07| 3.98E+07
2880 947 48 8.0781042 0.8584 0.014493 7.36E+07| 4.20E+07
3240 960 54 7.2916481 0.8589 0.01452 7.56E+07| 4.40E+07
3600 973 60 6.6624833 0.8595 0.014543 7.76E+07| 4.61E+07
3960 984 66 6.1477121 0.8604 0.014562 7.93E+07| 4.78E+07
4320 994 72 5.7187361 0.861 0.01458 8.09E+07| 4.94E+07
4680 1003 78 5.3557564 0.8617 0.014598 8.23E+07| 5.08E+07
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5040 1012 84 5.044631 0.8623]  0.014614] 8.38E+07| 5.22E+07
5400 1020 90 4.7749889 0.863] 0.014632( 8.51E+07| 5.35E+07
5760 1029 96 45390521 0.8636| 0.014646 8.65E+07| 5.50E+07
6120 1036 102 4.3308725 0.8643]  0.014662] 8.77E+07| 5.61E+07
6480 1044 108 4.1458241 0.8649]  0.014674] 8.90E+07| 5.75E+07
6840 1050 114 3.9802544 0.8656 0.01469|  9.00E+07| 5.84E+07
7200 1058 120 3.8312417 0.8662  0.014701 9.13E+07| 5.98E+07
7560 1064 126 3.6964206 0.8668|  0.014713( 9.23E+07| 6.08E+07
7920 1070 132 3.5738561 0.8675]  0.014727| 9.33E+07| 6.18E+07
8280 1077 138 3.4619493 0.8681] 0.014738] 9.45E+07| 6.30E+07
8640 1083 144 3.3593681 0.8687| 0.014748| 9.55E+07| 6.40E+07
9000 1088 150 3.2649933 0.8692  0.014758( 9.64E+07| 6.48E+07
9360 1093 156 3.1778782 0.8697] 0.014766] 9.72E+07| 6.57E+07
9640 1097 160.66667 | 3.1146203 0.87 0.015| 9.79E+07| 6.63E+07

Table3.2

Well#2 T=114F G=0.6

Shut-in | Pressure | Shut-in | (dt+tp)/dt Z Ug M(P) dM(p)

time(Min.)| (Psia) | time(hrs) cp psif2/cp
0 620 0 0.8638 |0.01377 | 3.20E+07
1 623 0.016667 | 20385.94| 0.8633 |0.01377| 3.23E+07 3.06E+05
2 629 0.033333 (10193.47| 0.8625 |0.01379| 3.29E+07 9.36E+05
3 639 0.05 6795.98 | 0.8612 [0.01381 | 3.40E+07 2.01E+06
4 645 0.066667 [ 5097.235| 0.8604 |0.01383| 3.46E+07 2.62E+06
5 655 0.083333 [ 4077.988| 0.8458 |0.01387 | 3.57E+07 3.72E+06
6 659 0.1 3398.49 | 0.8453 [0.01388 | 3.61E+07 4.12E+06
8 673 0.133333 [ 2549.118 | 0.8436 |0.01391| 3.77E+07 5.72E+06
10 681 0.166667 | 2039.494 | 0.8427 |0.01393| 3.87E+07 6.72E+06
15 690 0.25 1359.996 | 0.8417 (0.01395| 3.97E+07 7.72E+06
20 712 0.333333 (1020.247| 0.8394 | 0.014 | 4.23E+07 1.03E+07
25 721 0.416667 [ 816.3976| 0.8386 |0.01402 | 4.34E+07 1.14E+07
30 728 0.5 680.498 | 0.8379 [0.01404 | 4.43E+07 1.23E+07
40 741 0.666667 [ 510.6235| 0.8368 |0.01407 | 4.59E+07 1.39E+07
50 748 0.833333 [ 408.6988 | 0.8362 |0.01409 | 4.68E+07 1.48E+07
60 755 1 340.749 | 0.8357 | 0.0141 | 4.77E+07 1.57E+07
75 768 1.25 272.7992 | 0.8347 [0.01413| 4.94E+07 1.74E+07
90 777 15 227.4993( 0.8341 [0.01416 | 5.06E+07 1.86E+07
120 793 2 170.8745| 0.8331 |0.01419| 5.27E+07 2.07E+07
150 807 25 136.8996 | 0.8323 |0.01423| 5.46E+07 2.26E+07
180 816 3 114.2497| 0.8319 |0.01425| 5.58E+07 2.38E+07
240 827 4 85.93725( 0.8314 (0.01428 | 5.73E+07 2.53E+07
300 834 5 68.9498 | 0.8311 [0.01429 | 5.83E+07 2.63E+07
360 840 6 57.62483 | 0.8309 [0.01431 | 5.92E+07 2.72E+07
480 850 8 43.46863 | 0.8306 |0.01433| 6.06E+07 2.86E+07
600 858 10 34.9749 | 0.8303 [0.01435| 6.17E+07 2.97E+07

106



720 867 12 29.31242 0.8301 [0.01438 | 6.30E+07 3.10E+07
960 877 16 22.23431| 0.8299 | 0.0144 | 6.45E+07 3.25E+07
1200 883 20 17.98745| 0.8298 |0.01441| 6.54E+07 3.34E+07
1440 889 24 15.15621 | 0.8279 |0.01443| 6.63E+07 3.43E+07
1800 902 30 12.32497| 0.8296 |0.01446| 6.82E+07 3.62E+07
2160 917 36 10.43747| 0.8295 | 0.0145 | 7.05E+07 3.85E+07
2520 932 42 9.089262 | 0.8296 |0.01453| 7.28E+07 4.08E+07
2880 947 48 8.078104 (| 0.8297 |0.01457 | 7.51E+07 4.31E+07
3240 960 54 7.291648 | 0.8299 | 0.0146 | 7.72E+07 4.52E+07
3600 973 60 6.662483 | 0.8301 [0.01464 | 7.93E+07 4.73E+07
3960 984 66 6.147712 | 0.8304 [0.01466 | 8.10E+07 4.90E+07
4320 994 72 5.718736 | 0.8308 [0.01469 | 8.26E+07 5.06E+07
4680 1003 78 5.355756  0.8311 [0.01471 | 8.41E+07 5.21E+07
5040 1012 84 5.044631| 0.8315 [0.01473 | 8.56E+07 5.36E+07
5400 1020 90 4774989 | 0.8318 |0.01475| 8.69E+07 5.49E+07
5760 1029 96 4.539052 | 0.8323 |0.01477 | 8.84E+07 5.64E+07
6120 1036 102 4.330873| 0.8326 |0.01479 | 8.96E+07 5.76E+07
6480 1044 108 4.145824 | 0.8329 |0.01481 | 9.10E+07 5.90E+07
6840 1050 114 3.980254 | 0.8332 [0.01482 | 9.20E+07 6.00E+07
7200 1058 120 3.831242 | 0.8336 |0.01484 | 9.33E+07 6.13E+07
7560 1064 126 3.696421| 0.834 |[0.01486 | 9.44E+07 6.24E+07
7920 1070 132 3.573856 | 0.8344 [0.01487 | 9.54E+07 6.34E+07
8280 1077 138 3.461949 | 0.8348 [0.01489 | 9.66E+07 6.46E+07
8640 1083 144 3.359368 | 0.8352 | 0.0149 | 9.77E+07 6.57E+07
9000 1088 150 3.264993 | 0.8355 [0.01491 | 9.85E+07 6.65E+07
9360 1093 156 3.177878| 0.8358 [0.01492 | 9.94E+07 6.74E+07
9640 1097 160.6667 | 3.11462 | 0.8361 |0.01493| 1.00E+08 6.82E+07
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Appendix C Il

THIS PROGRAM CALCULATES PSEUDO PRESSURE AND Ip=(1/Ug*Ct) VALUE
*  WITH INCREMENTS OF 1 (IN PRESSURE).
rea n
OPEN(UNIT=9,STATUS='NEW',FIL E="sed03.txt")
WRITE(6,30)
30 FORMAT(5X,2(/),ENTER RESERVOIR TEMPERATURE VALUE:'$)
READ(*,*)T
WRITE(6,31)
31 FORMAT(5X,2(/),ENTER GAS GRAVITY VALUE :'$)
READ(*,*)GG
WRITE(6,32)
32 FORMAT(3X,'UNTIL WHAT PRESSURE IS THE INTEGRAL?9%)
READ(*,*)N

A1=0.3265
A2=-1.0700
A3=-0.5339
A4=0.01569
A5=-0.05165
A6=0.5475
A7=-0.7361
A8=0.1844
A9=0.1056
A10=0.6134
A11=0.7210

PPC=709.604-(58.718* GG)
TPC=170.491+(307.344* GG)

SUMA=0
DOP=1N,1

PPR=P/PPC
TPR=(T+460)/TPC
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J—— Z-FACTOR DETERMINATION----nnmsemmmeeammmcenaas

ZFS=1
1 DPR=0.27* ((PPR/ZFS* TPR))

ZFC=1+ (A1+(A2/TPR)+(A3/TPR** 3)+(A4/TPR** 4)+(A5/TPR**5))* DPR
*+(AG+(A7/TPR)+(AS/TPR** 2))* DPR** 2-A9* (A7/TPR)+(A8/TPR* * 2))*
* DPR**5+A 10* (1+A 11* DPR** 2)* ((DPR** 2/ TPR* * 3))* EX P(-A 11* DPR**2)

|F(ZFC.GE.0.86.AND.ZFC.LE.1.11)THEN

GOTO3

ENDIF

IF(ABS(ZFS-ZFC).LT.0.003) THEN

CONTINUE

ELSE

ZFS=ZFC

GOTO 1
3 ENDIF

DZDD=A1+(A2/TPR)+(A3/TPR** 3)+(A4/TPR** 4)+(A5/TPR**5)+2* DPR* (A6+
*(A7/TPR)+(A8/TPR** 2))-5* DPR** 4* A9* (A 7/TPR)+(A8/TPR** 2)+(2* A10

** DPR/TPR** 3)* (1+A11* (DPR** 2)-(A11** 2)* DPR** 4))* EX P(-A11* DPR**2)
CPR=(1/PPR)-(0.27/(ZFC** 2)* TPR)* (DZDD/(1+(DPR/ZFC)* DZDD))
COMPG=CPR/PPC

DG=(2.703* GG* P)/(ZFC* (T+460))

DG1=DG*0.01603

AU=(9.379+0.01607* (GG* 29)* (T+460)* * 1.5/(209.2+19.26* (GG* 29)+(T+4
*60)))

BU=3.448+(986.4/(T+460))+0.01009* (GG* 29)

CU=2.447-0.2224* BU

UGHP=AU*EXP(BU*DG1**CU)* 1E-3

*omeee PROCEDURE TO CALCULATE PSEUDO PRESSURE AND (1/Ug*Ct)
VALUE----
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P1=2*P/(UGHP* ZFC)
T1=1/(UGHP* COMPG)
SUMA=SUMA+P1
SUMA2=SUMA2+T1
*  if(p.ge.870)then
WRITE(6,71)P,ZFC,UGHP,SUMA
WRITE(9,71)P,ZFC,UGHP,SUMA
*  endif
if(p.eq.n)then
write(6,72)ughp,compg
endif
ENDDO
71 FORMAT(2(/),'P="F8.3,2X,'Z="F8.4,2X,'Ug="F8.6,2X,'M(P)="E14.7)
* *2X(UC*U)='E14.7)
72 format(2x,2(/),'Ui="f9.4,2x,'Ci='f9.5)
74 FORMAT(2X,F7.2,5X ,E14.7)
STOP
END
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Table4.1

Viscosity Graph for Well #1
with Temp. =137.67 F

Appendix D

Pressure,Psia |Viscosity, cp | Pressure,Psia | Viscosity, cp | Pressure,Psia | Viscosity, cp
500 0.01093 546 0.01113 592 0.01134
501 0.01093 547 0.01114 593 0.01134
502 0.01094 548 0.01114 594 0.01135
503 0.01094 549 0.01114 595 0.01135
504 0.01095 550 0.01115 596 0.01136
505 0.01095 551 0.01115 597 0.01136
506 0.01095 552 0.01116 598 0.01137
507 0.01096 553 0.01116 599 0.01137
508 0.01096 554 0.01116 600 0.01138
509 0.01097 555 0.01117 601 0.01138
510 0.01097 556 0.01118 602 0.01139
511 0.01098 557 0.01118 603 0.01139
512 0.01098 558 0.01118 604 0.01139
513 0.01099 559 0.01119 605 0.0114
514 0.01099 560 0.01119 606 0.01141
515 0.01099 561 0.0112 607 0.01141
516 0.011 562 0.0112 608 0.01141
517 0.011 563 0.01121 609 0.01142
518 0.01101 564 0.01121 610 0.01142
519 0.01101 565 0.01121 611 0.01143
520 0.01102 566 0.01122 612 0.01143
521 0.01102 567 0.01123 613 0.01144
522 0.01102 568 0.01123 614 0.01144
523 0.01103 569 0.01123 615 0.01145
524 0.01103 570 0.01124 616 0.01145
525 0.01104 571 0.01124 617 0.01146
526 0.01104 572 0.01125 618 0.01146
527 0.01104 573 0.01125 619 0.01147
528 0.01105 574 0.01126 620 0.01147
529 0.01106 575 0.01126 621 0.01148
530 0.01106 576 0.01127 622 0.01148
531 0.01106 577 0.01127 623 0.01148
532 0.01107 578 0.01128 624 0.01149
533 0.01107 579 0.01128 625 0.0115
534 0.01108 580 0.01128 626 0.0115
535 0.01108 581 0.01129 627 0.01151
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536 0.01108 582 0.01129 628 0.01151
537 0.01109 583 0.0113 629 0.01151
538 0.0111 584 0.0113 630 0.01152
539 0.0111 585 0.01131 631 0.01152
540 0.0111 586 0.01131 632 0.01153
541 0.01111 587 0.01132 633 0.01153
542 0.01111 588 0.01132 634 0.01154
543 0.01112 589 0.01133 635 0.01155
544 0.01112 590 0.01133 636 0.01155
545 0.01112 591 0.01133 637 0.01155
Viscosity Graph for Well #1
with Temp. =137.67 F
Pressure,Psia |Viscosity, cp | Pressure,Psia | Viscosity, cp | Pressure,Psia | Viscosity, cp

638 0.01156 682 0.01178 726 0.012

639 0.01156 683 0.01178 727 0.01201
640 0.01157 684 0.01179 728 0.01201
641 0.01157 685 0.01179 729 0.01202
642 0.01158 686 0.0118 730 0.01203
643 0.01158 687 0.0118 731 0.01203
644 0.01159 688 0.01181 732 0.01204
645 0.01159 689 0.01181 733 0.01204
646 0.0116 690 0.01182 734 0.01205
647 0.0116 691 0.01182 735 0.01205
648 0.01161 692 0.01183 736 0.01206
649 0.01161 693 0.01183 737 0.01206
650 0.01162 694 0.01184 738 0.01207
651 0.01162 695 0.01184 739 0.01207
652 0.01163 696 0.01185 740 0.01208
653 0.01163 697 0.01185 741 0.01209
654 0.01164 698 0.01186 742 0.01209
655 0.01164 699 0.01186 743 0.0121
656 0.01165 700 0.01187 744 0.0121
657 0.01165 701 0.01187 745 0.01211
658 0.01166 702 0.01188 746 0.01211
659 0.01166 703 0.01188 747 0.01212
660 0.01167 704 0.01189 748 0.01212
661 0.01167 705 0.01189 749 0.01213
662 0.01168 706 0.0119 750 0.01213
663 0.01168 707 0.0119 751 0.01214
664 0.01169 708 0.01191 752 0.01214
665 0.01169 709 0.01192 753 0.01215
666 0.0117 710 0.01192 754 0.01215
667 0.0117 711 0.01193 755 0.01216
668 0.01171 712 0.01193 756 0.01216
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669 0.01171 713 0.01194 757 0.01217
670 0.01172 714 0.01194 758 0.01217
671 0.01172 715 0.01195 759 0.01218
672 0.01173 716 0.01195 760 0.01218
673 0.01173 717 0.01196 761 0.01219
674 0.01174 718 0.01196 762 0.01219
675 0.01174 719 0.01197 763 0.0122
676 0.01174 720 0.01197 764 0.01221
677 0.01175 721 0.01198 765 0.01221
678 0.01176 722 0.01198 766 0.01222
679 0.01176 723 0.01199 767 0.01222
680 0.01177 724 0.01199 768 0.01223
681 0.01177 725 0.012 737 0.01206

Viscosity Graph for Well #1
with Temp. =137.67 F

Pressure,Psia |Viscosity, cp | Pressure,Psia | Viscosity, cp | Pressure,Psia | Viscosity, cp
737 0.01206 781 0.0123 825 0.01255
738 0.01207 782 0.01231 826 0.01255
739 0.01207 783 0.01231 827 0.01256
740 0.01208 784 0.01232 828 0.01256
741 0.01209 785 0.01232 829 0.01257
742 0.01209 786 0.01233 830 0.01258
743 0.0121 787 0.01234 831 0.01258
744 0.0121 788 0.01234 832 0.01259
745 0.01211 789 0.01235 833 0.0126
746 0.01211 790 0.01235 834 0.0126
747 0.01212 791 0.01236 835 0.01261
748 0.01212 792 0.01236 836 0.01261
749 0.01213 793 0.01237 837 0.01262
750 0.01213 794 0.01237 838 0.01262
751 0.01214 795 0.01238 839 0.01263
752 0.01214 796 0.01238 840 0.01263
753 0.01215 797 0.01239 841 0.01264
754 0.01215 798 0.0124 842 0.01265
755 0.01216 799 0.0124 843 0.01265
756 0.01216 800 0.01241 844 0.01266
757 0.01217 801 0.01241 845 0.01267
758 0.01217 802 0.01242 846 0.01267
759 0.01218 803 0.01242 847 0.01268
760 0.01218 804 0.01243 848 0.01268
761 0.01219 805 0.01243 849 0.01269
762 0.01219 806 0.01244 850 0.01269
763 0.0122 807 0.01244 851 0.0127
764 0.01221 808 0.01245 852 0.0127
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765 0.01221 809 0.01246 853 0.01271
766 0.01222 810 0.01246 854 0.01272
767 0.01222 811 0.01247 855 0.01272
768 0.01223 812 0.01248 856 0.01273
769 0.01223 813 0.01248 857 0.01274
770 0.01224 814 0.01249 858 0.01274
771 0.01224 815 0.01249 859 0.01275
772 0.01225 816 0.0125 860 0.01275
773 0.01225 817 0.0125 861 0.01276
774 0.01226 818 0.01251 862 0.01276
775 0.01227 819 0.01251 863 0.01277
776 0.01227 820 0.01252 864 0.01278
777 0.01228 821 0.01253 865 0.01278
778 0.01228 822 0.01253 866 0.01279
779 0.01229 823 0.01254 867 0.01279
780 0.0123 824 0.01254 868 0.0128
Viscosity Graph for Well #1
with Temp. =137.67 F
Pressure,Psia |Viscosity, cp | Pressure,Psia | Viscosity, cp | Pressure,Psia | Viscosity, cp
869 0.01281 914 0.01308 959 0.01336
870 0.01281 915 0.01308 960 0.01337
871 0.01282 916 0.01309 961 0.01338
872 0.01282 917 0.0131 962 0.01338
873 0.01283 918 0.01311 963 0.01339
874 0.01284 919 0.01311 964 0.01339
875 0.01284 920 0.01312 965 0.0134
876 0.01285 921 0.01312 966 0.01341
877 0.01285 922 0.01313 967 0.01341
878 0.01286 923 0.01314 968 0.01342
879 0.01286 924 0.01314 969 0.01342
880 0.01287 925 0.01315 970 0.01344
881 0.01288 926 0.01315 971 0.01344
882 0.01289 927 0.01316 972 0.01345
883 0.01289 928 0.01316 973 0.01345
884 0.0129 929 0.01317 974 0.01346
885 0.0129 930 0.01318 975 0.01347
886 0.01291 931 0.01319 976 0.01347
887 0.01291 932 0.01319 977 0.01348
888 0.01292 933 0.0132 978 0.01348
889 0.01292 934 0.01321 979 0.01349
890 0.01293 935 0.01321 980 0.0135
891 0.01294 936 0.01322 981 0.0135
892 0.01295 937 0.01322 982 0.01351
893 0.01295 938 0.01323 983 0.01352
894 0.01296 939 0.01323 984 0.01353
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895 0.01296 940 0.01324 985 0.01353
896 0.01297 941 0.01325 986 0.01354
897 0.01298 942 0.01325 987 0.01355
898 0.01298 943 0.01326 988 0.01355
899 0.01299 944 0.01327 989 0.01356
900 0.01299 945 0.01328 990 0.01356
901 0.013 946 0.01328 991 0.01357
902 0.013 947 0.01329 992 0.01358
903 0.01301 948 0.01329 993 0.01358
904 0.01302 949 0.0133 994 0.01359
905 0.01303 950 0.01331 995 0.01359
906 0.01303 951 0.01331 996 0.0136
907 0.01304 952 0.01332 997 0.01361
908 0.01304 953 0.01332 998 0.01362
909 0.01305 954 0.01333 999 0.01363
910 0.01305 955 0.01333 1000 0.01363
911 0.01306 956 0.01335 1001 0.01364
912 0.01307 957 0.01335 1002 0.01364
913 0.01307 958 0.01336 1003 0.01365
Viscosity Graph for Well #1
with Temp. =137.67 F
Pressure,Psia |Viscosity, cp | Pressure,Psia | Viscosity, cp | Pressure,Psia | Viscosity, cp
1004 0.01366 1048 0.01395 1092 0.01426
1005 0.01366 1049 0.01396 1093 0.01427
1006 0.01367 1050 0.01397 1094 0.01427
1007 0.01367 1051 0.01397 1095 0.01428
1008 0.01368 1052 0.01398 1096 0.01429
1009 0.01369 1053 0.01399 1097 0.0143
1010 0.0137 1054 0.014 1098 0.01431
1011 0.01371 1055 0.01401 1099 0.01432
1012 0.01371 1056 0.01401 1100 0.01432
1013 0.01372 1057 0.01402
1014 0.01373 1058 0.01402
1015 0.01373 1059 0.01403
1016 0.01374 1060 0.01404
1017 0.01374 1061 0.01404
1018 0.01375 1062 0.01405
1019 0.01376 1063 0.01406
1020 0.01376 1064 0.01406
1021 0.01377 1065 0.01407
1022 0.01377 1066 0.01408
1023 0.01378 1067 0.01408
1024 0.01379 1068 0.0141
1025 0.0138 1069 0.0141
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1026 0.01381 1070 0.01411
1027 0.01381 1071 0.01412
1028 0.01382 1072 0.01412
1029 0.01383 1073 0.01413
1030 0.01383 1074 0.01414
1031 0.01384 1075 0.01414
1032 0.01384 1076 0.01415
1033 0.01385 1077 0.01416
1034 0.01386 1078 0.01416
1035 0.01386 1079 0.01417
1036 0.01387 1080 0.01417
1037 0.01388 1081 0.01418
1038 0.01388 1082 0.0142
1039 0.0139 1083 0.0142
1040 0.0139 1084 0.01421
1041 0.01391 1085 0.01422
1042 0.01392 1086 0.01422
1043 0.01392 1087 0.01423
1044 0.01393 1088 0.01424
1045 0.01393 1089 0.01424
1046 0.01394 1090 0.01425
1047 0.01395 1091 0.01426
Table4.2

Viscosity Vs Pressure For Well # 2 with Temp. =114.37 F

Pressure,Psia| Viscosity, cp | Pressure,Psia | Viscosity,cp | Pressure,Psia Viscosity, cp
500 0.01094 546 0.01114 592 0.01135
501 0.01094 547 0.01115 593 0.01136
502 0.01095 548 0.01115 594 0.01136
503 0.01095 549 0.01116 595 0.01137
504 0.01096 550 0.01116 596 0.01137
505 0.01096 551 0.01116 597 0.01138
506 0.01097 552 0.01117 598 0.01138
507 0.01097 553 0.01117 599 0.01139
508 0.01097 554 0.01118 600 0.01139
509 0.01098 555 0.01118 601 0.0114
510 0.01098 556 0.01119 602 0.0114
511 0.01099 557 0.01119 603 0.01141
512 0.01099 558 0.0112 604 0.01141
513 0.01099 559 0.0112 605 0.01142
514 0.011 560 0.01121 606 0.01142
515 0.011 561 0.01121 607 0.01143
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516 0.01101 562 0.01121 608 0.01143
517 0.01101 563 0.01122 609 0.01143
518 0.01102 564 0.01122 610 0.01144
519 0.01102 565 0.01123 611 0.01145
520 0.01103 566 0.01123 612 0.01145
521 0.01103 567 0.01124 613 0.01145
522 0.01103 568 0.01124 614 0.01146
523 0.01104 569 0.01125 615 0.01146
524 0.01104 570 0.01125 616 0.01147
525 0.01105 571 0.01126 617 0.01147
526 0.01105 572 0.01126 618 0.01148
527 0.01106 573 0.01126 619 0.01148
528 0.01106 574 0.01127 620 0.01149
529 0.01106 575 0.01128 621 0.01149
530 0.01107 576 0.01128 622 0.0115
531 0.01108 577 0.01128 623 0.0115
532 0.01108 578 0.01129 624 0.01151
533 0.01108 579 0.01129 625 0.01151
534 0.01109 580 0.0113 626 0.01152
535 0.01109 581 0.0113 627 0.01152
536 0.0111 582 0.01131 628 0.01153
537 0.0111 583 0.01131 629 0.01153
538 0.0111 584 0.01132 630 0.01154
539 0.01111 585 0.01132 631 0.01154
540 0.01112 586 0.01133 632 0.01155
541 0.01112 587 0.01133 633 0.01155
542 0.01112 588 0.01134 634 0.01156
543 0.01113 589 0.01134 635 0.01156
544 0.01113 590 0.01134 636 0.01157
545 0.01114 591 0.01135 637 0.01157
Viscosity Vs Pressure For Well # 2 with Temp. =114.37 F
Pressure,Psia| Viscosity, cp | Pressure,Psia | Viscosity,cp | Pressure,Psia Viscosity, cp
638 0.01158 683 0.0118 728 0.01204
639 0.01158 684 0.01181 729 0.01205
640 0.01159 685 0.01182 730 0.01205
641 0.01159 686 0.01182 731 0.01206
642 0.0116 687 0.01183 732 0.01206
643 0.0116 688 0.01183 733 0.01207
644 0.01161 689 0.01183 734 0.01207
645 0.01161 690 0.01184 735 0.01208
646 0.01161 691 0.01184 736 0.01208
647 0.01162 692 0.01185 737 0.01209
648 0.01163 693 0.01185 738 0.01209
649 0.01163 694 0.01186 739 0.0121
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650 0.01164 695 0.01187 740 0.0121
651 0.01164 696 0.01187 741 0.01211
652 0.01165 697 0.01188 742 0.01211
653 0.01165 698 0.01188 743 0.01212
654 0.01166 699 0.01189 744 0.01213
655 0.01166 700 0.01189 745 0.01213
656 0.01166 701 0.0119 746 0.01214
657 0.01167 702 0.0119 747 0.01214
658 0.01168 703 0.01191 748 0.01215
659 0.01168 704 0.01191 749 0.01215
660 0.01169 705 0.01192 750 0.01216
661 0.01169 706 0.01192 751 0.01216
662 0.0117 707 0.01193 752 0.01217
663 0.0117 708 0.01193 753 0.01218
664 0.01171 709 0.01194 754 0.01218
665 0.01171 710 0.01194 755 0.01219
666 0.01172 711 0.01195 756 0.01219
667 0.01172 712 0.01195 757 0.0122
668 0.01173 713 0.01196 758 0.0122
669 0.01173 714 0.01197 759 0.01221
670 0.01174 715 0.01197 760 0.01221
671 0.01174 716 0.01198 761 0.01222
672 0.01175 717 0.01198 762 0.01223
673 0.01175 718 0.01199 763 0.01223
674 0.01176 719 0.01199 764 0.01224
675 0.01176 720 0.012 765 0.01224
676 0.01177 721 0.012 766 0.01225
677 0.01177 722 0.01201 767 0.01225
678 0.01178 723 0.01202 768 0.01226
679 0.01178 724 0.01202 769 0.01226
680 0.01179 725 0.01203 770 0.01227
681 0.01179 726 0.01203 771 0.01228
682 0.0118 727 0.01204 772 0.01228
Viscosity Vs Pressure For Well # 2 with Temp. =114.37 F
Pressure,Psia| Viscosity, cp | Pressure,Psia | Viscosity,cp | Pressure,Psia Viscosity, cp
773 0.01229 818 0.01255 863 0.01281
774 0.0123 819 0.01255 864 0.01282
775 0.0123 820 0.01256 865 0.01283
776 0.01231 821 0.01256 866 0.01283
777 0.01231 822 0.01257 867 0.01284
778 0.01232 823 0.01258 868 0.01285
779 0.01232 824 0.01258 869 0.01285
780 0.01233 825 0.01259 870 0.01286
781 0.01233 826 0.01259 871 0.01286
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782 0.01234 827 0.0126 872 0.01287
783 0.01235 828 0.0126 873 0.01287
784 0.01235 829 0.01261 874 0.01288
785 0.01236 830 0.01262 875 0.01288
786 0.01236 831 0.01262 876 0.0129
787 0.01237 832 0.01263 877 0.0129
788 0.01237 833 0.01263 878 0.01291
789 0.01238 834 0.01264 879 0.01291
790 0.01238 835 0.01265 880 0.01292
791 0.01239 836 0.01265 881 0.01292
792 0.01239 837 0.01266 882 0.01293
793 0.0124 838 0.01266 883 0.01294
794 0.01241 839 0.01267 884 0.01294
795 0.01241 840 0.01267 885 0.01295
796 0.01242 841 0.01268 886 0.01295
797 0.01242 842 0.01269 887 0.01296
798 0.01243 843 0.01269 888 0.01297
799 0.01243 844 0.0127 889 0.01298
800 0.01244 845 0.01271 890 0.01298
801 0.01245 846 0.01271 891 0.01299
802 0.01245 847 0.01272 892 0.01299
803 0.01246 848 0.01272 893 0.013

804 0.01247 849 0.01273 894 0.013

805 0.01247 850 0.01273 895 0.01301
806 0.01248 851 0.01274 896 0.01302
807 0.01248 852 0.01275 897 0.01302
808 0.01249 853 0.01275 898 0.01303
809 0.01249 854 0.01276 899 0.01304
810 0.0125 855 0.01277 900 0.01304
811 0.0125 856 0.01277 901 0.01305
812 0.01251 857 0.01278 902 0.01306
813 0.01252 858 0.01278 903 0.01306
814 0.01252 859 0.01279 904 0.01307
815 0.01253 860 0.0128 905 0.01307
816 0.01253 861 0.0128 906 0.01308
817 0.01254 862 0.01281 907 0.01308

Viscosity Vs Pressure For Well # 2 with Temp. =114.37 F
Pressure,Psia| Viscosity, cp | Pressure,Psia | Viscosity,cp | Pressure,Psia Viscosity, cp

908 0.01309 953 0.01339 998 0.01368
909 0.0131 954 0.01339 999 0.01369
910 0.01311 955 0.0134 1000 0.0137
911 0.01311 956 0.0134 1001 0.01371
912 0.01312 957 0.01341 1002 0.01371
913 0.01313 958 0.01342 1003 0.01372
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914 0.01313 959 0.01342 1004 0.01373
915 0.01314 960 0.01343 1005 0.01373
916 0.01314 961 0.01343 1006 0.01374
917 0.01315 962 0.01344 1007 0.01375
918 0.01315 963 0.01345 1008 0.01375
919 0.01316 964 0.01345 1009 0.01376
920 0.01317 965 0.01347 1010 0.01376
921 0.01318 966 0.01347 1011 0.01378
922 0.01318 967 0.01348 1012 0.01378
923 0.01319 968 0.01348 1013 0.01379
924 0.0132 969 0.01349 1014 0.0138
925 0.0132 970 0.0135 1015 0.0138
926 0.01321 971 0.0135 1016 0.01381
927 0.01321 972 0.01351 1017 0.01382
928 0.01322 973 0.01351 1018 0.01382
929 0.01322 974 0.01352 1019 0.01383
930 0.01323 975 0.01353 1020 0.01383
931 0.01324 976 0.01354 1021 0.01384
932 0.01325 977 0.01355 1022 0.01385
933 0.01325 978 0.01355 1023 0.01386
934 0.01326 979 0.01356 1024 0.01387
935 0.01327 980 0.01356 1025 0.01387
936 0.01327 981 0.01357 1026 0.01388
937 0.01328 982 0.01358 1027 0.01389
938 0.01328 983 0.01358 1028 0.01389
939 0.01329 984 0.01359 1029 0.0139
940 0.0133 985 0.01359 1030 0.01391
941 0.0133 986 0.0136 1031 0.01391
942 0.01331 987 0.01361 1032 0.01392
943 0.01332 988 0.01362 1033 0.01393
944 0.01333 989 0.01363 1034 0.01393
945 0.01333 990 0.01363 1035 0.01395
946 0.01334 991 0.01364 1036 0.01395
947 0.01334 992 0.01364 1037 0.01396
948 0.01335 993 0.01365 1038 0.01396
949 0.01336 994 0.01366 1039 0.01397
950 0.01336 995 0.01366 1040 0.01398
951 0.01337 996 0.01367 1041 0.01398
952 0.01337 997 0.01368 1042 0.01399

Viscosity Vs Pressure For Well # 2 with Temp. =114.37 F

Pressure,Psia| Viscosity, cp | Pressure,Psia | Viscosity, cp
1043 0.014 1088 0.01433
1044 0.014 1089 0.01433
1045 0.01401 1090 0.01434
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1046 0.01402 1091 0.01435
1047 0.01402 1092 0.01435
1048 0.01404 1093 0.01436
1049 0.01404 1094 0.01437
1050 0.01405 1095 0.01437
1051 0.01406 1096 0.01438
1052 0.01406 1097 0.01439
1053 0.01407 1098 0.0144
1054 0.01408 1099 0.01441
1055 0.01408 1100 0.01441
1056 0.01409

1057 0.0141

1058 0.0141

1059 0.01411

1060 0.01412

1061 0.01413

1062 0.01414

1063 0.01414

1064 0.01415

1065 0.01416

1066 0.01416

1067 0.01417

1068 0.01418

1069 0.01418

1070 0.01419

1071 0.0142

1072 0.01421

1073 0.01422

1074 0.01422

1075 0.01423

1076 0.01424

1077 0.01424

1078 0.01425

1079 0.01426

1080 0.01426

1081 0.01427

1082 0.01428

1083 0.01428

1084 0.01429

1085 0.01431

1086 0.01431

1087 0.01432
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Table4.3

PseudoPressure and Pressure Profile For WELL #1
Optimum Flow Rate for this well (MMscfD) =6837

Time,(Month)

Mpwf, (psia”™2/cp)

Pressure,Psia

Time,(Month)

Mpwf, (psia”™2/cp)

Pressure,Psia

0 9.78E+09 1097 45 2.70E+09 575
1 6.70E+09 904 46 2.67E+09 572
2 5.97E+09 853 47 2.65E+09 569
3 5.55E+09 822 48 2.63E+09 567
4 5.24E+09 799 49 2.61E+09 565
5 5.01E+09 781 50 2.59E+09 563
6 4.82E+09 766 51 2.56E+09 560
7 4.65E+09 752 52 2.54E+09 558
8 4.51E+09 741 53 2.52E+09 556
9 4.39E+09 731 54 2.50E+09 553
10 4.28E+09 722 55 2.49E+09 552
11 4.18E+09 714 56 2.47E+09 550
12 4.09E+09 706 57 2.45E+09 548
13 4.00E+09 698 58 2.43E+09 546
14 3.93E+09 692 59 2.41E+09 543
15 3.85E+09 685 60 2.39E+09 541
16 3.78E+09 679 61 2.38E+09 540
17 3.72E+09 673 62 2.36E+09 537
18 3.66E+09 668 63 2.34E+09 536
19 3.60E+09 663 64 2.33E+09 534
20 3.55E+09 658 65 2.31E+09 532
21 3.50E+09 653 66 2.29E+09 530
22 3.45E+09 649 67 2.28E+09 528
23 3.40E+09 644 68 2.26E+09 526
24 3.36E+09 640 69 2.25E+09 525
25 3.31E+09 636 70 2.23E+09 523
26 3.27E+09 632 71 2.22E+09 522
27 3.23E+09 628 72 2.20E+09 520
28 3.20E+09 625 73 2.19E+09 518
29 3.16E+09 621 74 2.17E+09 516
30 3.12E+09 617 75 2.16E+09 515
31 3.09E+09 614 76 2.15E+09 514
32 3.06E+09 611 77 2.13E+09 511
33 3.02E+09 607 78 2.12E+09 510
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34 2.99E+09 604 79 2.10E+09 508
35 2.96E+09 601 80 2.09E+09 507
36 2.93E+09 598 81 2.08E+09 505
37 2.90E+09 595 82 2.07E+09 504
38 2.87E+09 592 83 2.05E+09 501
39 2.85E+09 590 84 2.04E+09 500
40 2.82E+09 587
41 2.79E+09 584
42 2.77E+09 582
43 2.74E+09 579
44 2.72E+09 577
Table4.4

Ppseudo-Pressure and Pressure Profile for Well #2

Optimum Gas Flow Rate for this well: 6608 Mscfd

Time,(Month) Mpwf, (psia®2/cp) | Pressure, Psia [ Time,(Month) | Mpwf, (psia®2/cp) | Pressure, Psia
0 9.78E+09 1097 43 2.801E+09 585
1 7.076E+09 929 44 2.774E+09 582
2 6.288E+09 875 45 2.749E+09 579
3 5.827E+09 842 46 2.724E+09 577
4 5.500E+09 818 47 2.699E+09 574
5 5.246E+09 799 48 2.676E+09 572
6 5.039E+09 783 49 2.652E+09 569
7 4.864E+09 769 50 2.629E+09 566
8 4.712E+09 757 51 2.607E+09 564
9 4.578E+09 746 52 2.585E+09 562
10 4.458E+09 736 53 2.563E+09 560
11 4.350E+09 728 54 2.542E+09 558
12 4.251E+09 719 55 2.521E+09 555
13 4.160E+09 712 56 2.500E+09 553
14 4.076E+09 705 57 2.480E+09 551
15 3.998E+09 697 58 2.460E+09 549
16 3.924E+09 691 59 2.441E+09 547
17 3.855E+09 685 60 2.422E+09 544
18 3.790E+09 679 61 2.403E+09 542
19 3.729E+09 674 62 2.385E+09 540
20 3.671E+09 669 63 2.366E+09 538
21 3.615E+09 664 64 2.349E+09 536
22 3.562E+09 659 65 2.331E+09 534
23 3.512E+09 654 66 2.314E+09 532

123




24 3.463E+09 650 67 2.296E+09 530
25 3.417E+09 645 68 2.280E+09 528
26 3.372E+09 641 69 2.263E+09 526
27 3.330E+09 637 70 2.247E+09 524
28 3.288E+09 633 71 2.231E+09 523
29 3.248E+09 629 72 2.215E+09 521
30 3.210E+09 626 73 2.199E+09 519
31 3.173E+09 622 74 2.184E+09 517
32 3.136E+09 618 75 2.168E+09 515
33 3.101E+09 615 76 2.153E+09 514
34 3.068E+09 611 77 2.138E+09 511
35 3.035E+09 608 78 2.124E+09 510
36 3.003E+09 605 79 2.109E+09 508
37 2.971E+09 602 80 2.095E+09 507
38 2.941E+09 599 81 2.081E+09 505
39 2.912E+09 596 82 2.067E+09 503
40 2.883E+09 593 83 2.053E+09 502
41 2.855E+09 590 84 2.039E+09 500
42 2.827E+09 587
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Appendix D 11

Program Code

Private Sub cmdGe2_Click()

Dim Zfs!

Dim Zfc!

Dim zfcl!

Dim zfc2!

Dim Zfct!

Dim Dg, Dgl, Au, Bu, Cu, Gv As Single

Dim Ppc, Tpc, Ppr, Tpr, Dpr, Gravity, Pressure, Temp
Dimal, a2, a3, &4, a5, a6, a7, a8, a9, al0, all
Label14.Caption =""

Label14.Refresh

Open App.Path + /" + "ViscosityGraph.txt" For Output As 1
Print #1, "Pressure,Psia’, " Viscosity, cp"

al = 0.3265

a2 =-1.07

a3 =-0.5339

a4 = 0.01569

ab =-0.05165

ab = 0.5475

ar =-0.7361

a8=0.1844

a9 = 0.1056

al0=0.6134

all=0.721

Ppc = 709.604 - 58.719 * Va (txtGra. Text)
Tpc = 170.491 + 307.344 * Vad(txtGra. Text)
Tpr = (Va(txtTemp.Text) + 460) / Tpc

'Iterating with Pressure
j=0

For Pressure = 500 To 1100
Grid3.Col =0

j=j+1

Grid3.Row =

Grid3.Text = Pressure

Ppr = Pressure / Ppc
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'Z-factor calculation

Do While DoEvents()

Zfs = Zfct

Dpr =0.27* ((Ppr/ Zfs* Tpr))

Zfc=1+ @+ @2/ Tpr)+ @3/ Tpr*3)+ (a4 / Tpr™4) + (@ / Tpr™5)) * Dpr
Zfcl=(ab6+ @7/ Tpr) + (a8/ Tpr™"2)) * Dpr™2-a9* ((a7/ Tpr) + (a8/ Tpr~ 2)) *
Dpr~5

Zfc2=al0* (1+all* Dpr~2) * (Dpr™ 2/ Tpr~ 3)) * (Exp(-all * Dpr " 2))

Zfct = Zfc + Zfcl + Zfc2

Zfct = Format(Zfct, "0.000")

If (Zfct > 0.7 And Zfct < 1.1) Then
GoTo1

End If

If Abs(Zfs - Zfct) <= 0.0001 Then

GoTo 1
End If
Zfs=Zfct
Loop

Grid3.Col =1

Dg =2.703 * Pressure/ (Zfct * (Temp + 460))

Dgl = Dg * 0.01603

Au=(9.379 + 0.01607 * (Gravity * 29) * (Temp + 460) * 1.5/ (209.2 + 19.26 * (Gravity
* 29) + (Temp + 460)))

Bu = 3.448 + (986.4 / (Temp + 460)) + 0.01009 * (Gravity * 29)
Cu=2447-0.2224* Bu

Gv =Au* Exp(Bu* Dgl” Cu) * 0.001

Gv = Format(Gv, "0.00000")

Grid3.Row =

Grid3.Text = Gv

Print #1, Pressure, Gv

Next Pressure

Close #1

'Graph Generator
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Dimi3, j3 As Integer

Dim Aux(700, 700) As Double
Chart.chartType = VtChChartType2dXY

With Chart.Plot. Axis(VtChAXxisldX)
AxisScale.Type = VtChSca eTypeLinear

. AxisGrid.MinorPen.Style = VtPenStyleDitted
".CategoryScale Auto = False
AXxisGrid.MinorPen.Join = VtPenJoinRound
ValueScale.Minimum = 500
.ValueScale.Maximum = 1100

End With

With Chart.Plot. Axis(VtChAXxisldY)
AxisScale.Type = VtChSca eTypeLinear

. AxisGrid.MinorPen.Style = VtPenStyleDitted
".CategoryScale Auto = False
VaueScale.Minimum = 0.01
.VaueScale.Maximum = 1000

End With
Chart.ColumnCount = 2
Chart.RowCount = Grid3.Rows - 1

Forj3=0To1l
Fori3=1To Grid3.Rows- 1
Chart.Column =j3+1

Chart.Row =i3
Grid3.Col =3
Grid3.Row =i3

Aux(i3, j3) = Grid3.Text

Chart.Data= Aux(i3, j3)

If j]3=1Then

Chart.Data = Chart.Data* 100000

End If

Next i3

Next j3

Close #1

Label14.Caption = "This Number isredly (1)one!!"
End Sub

Private Sub cmdGen3_Click()
Label10.Visible = True

txtOptimum.Text ="

Dim MPwf(1 To 64000), Qgas As Double
Dim Time As Double

Dimi AsDouble

Dim A, B, C AsDouble
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If Optime(1) = False And Optime(2) = False Then

MsgBox "Please choose an ELAPSED time..(Each Month...Each Y ear)", vblnformation

Exit Sub
End If

Open App.Path + "/" + "PpressureProfile.txt” For Output As 1
Label10.Caption = "Processing...Processing...it may take several minutes!”
Label10.Refresh

For Qgas = Va (txtRange(0).Text) To Val(txtRange(1). Text) Step 1

For Time=1To 84

A = (1637 * Qgas* (Vd(txtReData(5)) + 460) / (Va(txtReData(4)) *
Val(txtReData(6))))

B = Log((Va(txtReData(4)) * Time/ (730 * Val(txtReData(0)) * Val(txtReData(1)) *
Val(txtReData(2)) * Val(txtReData(3) * 2))))

C=-3.23+0.87 * Va(txtReData(7))

MPwf(Time) = Val(TxtSe.Text) - A* (B + C)

If MPwf(Time) < Val(txtPe.Text) And Time < 84 Then

Label 10.Caption =" the flow rate Range you chose is too high, PLEASE decrease the
range."

Label10.Refresh

Close #1

Exit Sub

End If

If MPwf(84) <= Val(txtPe.Text) And MPwf(84) <> Empty Then

txtOptimum.Text = Str(Qgas)

Label10.Caption = "READY'!!..Check your output file called PpressureProfile.txt"
GoTo 1

End If

Next Time

Next Qgas

Label10.Caption = "Optimum flow rate not found..(choose another range for
Qg..(Greater))!"

'Printing the OUTPUT file

1

If Optime(1) = True Then

Print #1, "Time,(Month)", " Mpwf, (psia*2/cp)"
Fori=1To &4

Print #1, i, MPwf(i)

Next i

Elself Optime(2) = True Then

Print #1, "Time,(Year)", " Mpwf, (psa*2/cp)"
Fori=1To7

Print #1, i, MPwf(i)

Next i
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End If
Close #1
End Sub

Private Sub cmdGenerate Click()

Dim Zfdl
Dim Zfc!
Dim Zfcl!
Dim Zfc2!
Dim Zfct!

Dim Ppc, Tpc, Ppr, Tpr, Dpr, Gravity, Pressure, Temp, Tprl, Tpr2,
Dimal, a2, a3, &4, a5, a6, a7, a8, a9, al0, all
Open App.Path + /" + "Z-Factor(Ppr,Tpr).txt" For Output As 1

Label13.Caption =""
Label13.Refresh

Print #1, "Tpr", " Z-Factor"
Print #1, "Ppr"
FrmOut.Visible = True

Grid2.Row =0

al = 0.3265
a2 =-1.07
a3 =-0.5339
a4 = 0.01569
ab =-0.05165
a6 = 0.5475
ar =-0.7361
a8=0.1844
a9 = 0.1056
al0 =0.6134
all1=0.721

k=0
Grid2.Row =0
' Starting the loops

For Tpr=11To3 Step 0.1
Print #1, Tpr
j=1
k=k+1
ForPpor=1To8Step 1

'Z-factor calculation
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Do While DoEvents()

Zfs = Zfct

Dpr =0.27 * ((Ppr / Zfs* Tpr))

Zfc=1+(@l+(@2/Tpr)+ @3/ Tpr*3) + (a4 / Tpr™4) + (a5/ Tpr ~ 5)) * Dpr

Zfcl=(a6+ @7/ Tpr)+ (a8/ Tpr"2))* Dpr*2-a9* ((a7/ Tpr) + (a8/ Tpr ~ 2)) *
Dpr~5

Zfc2=al0* (L +all* Dpr™2)* (Dpr™ 2/ Tpr” 3)) * (Exp(-all* Dpr ” 2))

Zfct = Zfc + Zfcl + Zfc2

Zfct = Format(Zfct, "0.000")

If (Zfct >= 0.86 And Zfct <= 1.5) Then

j=j+1
Grid2.Col = k
Grid2.Row =

Grid2.Text = Val(Zfct)
Print #1, Ppr, Zfct

GoTo 1

End If

If (Zfct >= 0.3 And Zfct <= 0.859) Then
j=j+1

Grid2.Col = k

Grid2.Row =

Grid2.Text = Val(Zfct)
Print #1, Ppr, Zfct

GoTo 1

End If

If Abs(Zfs - Zfct) <= 0.0001 Then
j=j+1

Grid2.Col =1

Grid2.Row =

Grid2.Text = Val(Zfct)
Print #1, Ppr, Zfct
GoTo 1
End If
Zfs = Zfct
Loop
1
Next Ppr
Next Tpr
Label13.Caption ="Your OUTPUT file called Z-factor(Ppr, Tpr).txt is ready!!!"
Close #1
End Sub
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Private Sub Form_L oad()
DimT

Dimi As Integer
Label10.Visble = False
Grid2.Col =0
Fori=2To Grid2.Rows- 1
Grid2.Row =i
Grid2.Text=i-1

Next i

Grid2.Row =1
Fori=1To Grid2.Rows- 2
Grid2.Col =i

Grid2.Text = "Z-factor"
Next i

Grid2.Row =0

i=0
ForT=11To3Step 0.1
i=i+1

Grid2.Col =i
Grid2.Text=T

Next T

FrmOut.Visible = False

Grid2.Col =0
Grid2.Row =0
Grid2.Text = "Tpr-->"
Grid2.Col =0
Grid2.Row =1
Grid2.Text = "Ppr"
Grid3.Col =0
Grid3.Row =0
Grid3.Text = "Pressure, psa’
Grid3.Col =1
Grid3.Row =0

Grid3.Text = "Viscosity, cp"
Grid3.ColWidth(0) = 1200
Grid3.ColWidth(1) = 1200

End Sub
Private Sub Gridl _KeyPress(KeyAscii As Integer)
If KeyAscii > 65 Then

Exit Sub
End If
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If KeyAscii > 26 Then

gridl.Text = grid1l.Text + Chr(KeyAscii)
End If

If KeyAscii =13 Then

gridl.Text =""

End If

End Sub

Private Sub mnuExit_Click()
End
End Sub

Private Sub txtVaues Change()

gridl.Rows = Val(txtValues.Text) + 1
End Sub

132



Appendix E

Monte Carlo Simulation Computer Program Code

Option Explicit

Dim por(5000) As Double

Dim sw(5000) As Double

Dim h(5000) As Double

Dim eur(5000) As Double

Dimi As Integer

Dim initial_cost, operating_cost, tax

Dim revenue(20) As Double, taxes(20), gp(20)
Dim p1(25), p2(25), p3(25), p4(25)

Dim gg(5000) As Double

Private Sub Command2_Click()

Dim constl As Double

Dim flag As Integer, j As Integer

Dim rf(5000) As Double, random_no, ncf(25)
Dim counterf, interest, npvl, inter(5000), fq(100)

prgbar.Min=1
prgbar.Max = 1500
Fori=1To 1500 Step 1
por(i) = Va (txtminpor.Text) + Rnd() * (Val(txtmaxpor.Text) - Val (txtminpor.Text))
sw(i) = Val(txtminsat. Text) + Rnd() * (Val(txtmaxsat. Text) - Val (txtminsat. Text))
constl = (Val(txtlikeh.Text) - Va(txtminh.Text)) / (Val(txtmaxh.Text) -
Val(txtminh.Text))
If Rnd() < constl Then
h(i) = Va (txtminh.Text) + ((Va (txtlikeh.Text) - Val(txtminh.Text)) *
(Va(txtmaxh.Text) - Val(txtminh.Text) * Rnd())) ~ 0.5
Else
h(i) = Val(txtmaxh.Text) - ((Val(txtmaxh.Text) - Val(txtlikeh.Text)) *
(Val(txtlikeh.Text) - Val(txtminh.Text) * Rnd())) * 0.5
End If
gg(i) = 43560 * Val(txtarea.Text) * por(i) * h(i) * (1 - sw(i)) / Val(txtbgi.Text)
prgbar.Vaue =i
rf(i) = Rnd()
eur(i) = gg(i) * rf(i)
Next
scenario
Open "d:\295param.txt" For Output As #2
prgbar.Min=1
prgbar.Max = 1500
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For j =1 To 1500
random_no = Rnd()
If random_no <= 0.25 Then
Fori=1To12Step 1
Ifi =1 Then
gp(i) = pl(i) * eur(j)
revenue(i) = gp(i) * 2/ 1000
taxes(i) = tax * revenue(i)
ncf(i) = revenue(i) - operating_cost - taxes(i) - initial_cost
Else
gp(i) = p1(i) * eur(j)
revenue(i) = gp(i) * 2/ 1000
taxes(i) = tax * revenue(i)
ncf(i) = revenue(i) - operating_cost - taxes(i)
End If
Ifi>4Then
gp(i) = (P1(i) - p1(i - 1)) * eur(j)
revenue(i) = gp(i) * 2/ 1000
taxes(i) = tax * revenue(i)
ncf(i) = revenue(i) - operating_cost - taxes(i)
End If
Next
flag=1
Elself (0.25 < random_no) And (random_no <= 0.5) Then
Fori=1To14 Step 1
Ifi =1 Then
gp(i) = p2(i) * eur(j)
revenue(i) = gp(i) * 2/ 1000
taxes(i) = tax * revenue(i)
ncf(i) = revenue(i) - operating_cost - taxes(i) - initial_cost
Else
gp(i) = p2(i) * eur(j)
revenue(i) = gp(i) * 2/ 1000
taxes(i) = tax * revenue(i)
ncf(i) = revenue(i) - operating_cost - taxes(i)
End If
Ifi>4Then
op(i) = (P2(i) - p2(i - 1)) * eur(j)
revenue(i) = gp(i) * 2/ 1000
taxes(i) = tax * revenue(i)
ncf(i) = revenue(i) - operating_cost - taxes(i)
End If
Next
flag=2
Elself (0.5 < random_no) And (random_no <= 0.75) Then
Fori=1To16 Step 1
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Ifi=1Then
gp(i) = p3(i) * eur(j)
revenue(i) = gp(i) * 2/ 1000
taxes(i) = tax * revenue(i)

ncf(i) = revenue(i) - operating_cost - taxes(i) - initial_cost

Else
gp(i) = p3(i) * eur(j)
revenue(i) = gp(i) * 2/ 1000
taxes(i) = tax * revenue(i)

ncf(i) = revenue(i) - operating_cost - taxes(i)

End If

Ifi >4 Then
gp(i) = (p3(i) - p3(i - 1)) * eur(j)
revenue(i) = gp(i) * 2/ 1000
taxes(i) = tax * revenue(i)

ncf(i) = revenue(i) - operating_cost - taxes(i)

End If
Next
flag=3
Else
Fori=1To18 Step 1
Ifi =1 Then
gp(i) = p4(i) * eur(j)
revenue(i) = gp(i) * 2/ 1000
taxes(i) = tax * revenue(i)

ncf(i) = revenue(i) - operating_cost - taxes(i) - initial_cost

Else
gp(i) = p4(i) * eur(j)
revenue(i) = gp(i) * 2/ 1000
taxes(i) = tax * revenue(i)

ncf(i) = revenue(i) - operating_cost - taxes(i)

End If
Ifi >4 Then
gp(i) = (p4(i) - p4(i - 1)) * eur(j)
revenue(i) = gp(i) * 2/ 1000
taxes(i) = tax * revenue(i)

ncf(i) = revenue(i) - operating_cost - taxes(i)

End If
Next
flag=4

End If

If flag = 1 Then counterf = 12
If flag = 2 Then counterf = 14
If flag = 3 Then counterf = 16
If flag = 4 Then counterf = 18
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interest = 0.0001
Do
npvli=0
For i =1 To counterf Step 1
npvl =npvl + ncf(i) / (1 + interest) ~ (i - 1)
Next
interest = interest + 0.0001

Loop Until npvl1 <0

inter(j) = interest

prgbar.Vaue = |
grdres.Row = j:
grdres.Col = 1. grdres.Text = Format(por(j), " #0.0#H#")
grdres.Col = 2: grdres.Text = Format(h(j), " #0.0# ")
grdres.Col = 3: grdres.Text = Format(sw(j), "#0.08##")
grdres.Col = 4. grdres.Text = Format(gg(j), "#0.#")
grdres.Col = 5: grdres.Text = Format(rf(j), "#0.0##")
grdres.Col = 6: grdres.Text = Format(eur(j), "#0.#")
grdres.Col = 7: grdres.Text = Format(inter(j), "#0.0###H")
Print #2, por(j), h(), sw(j), ga(j), rf(j), eur(j), inter(j)
Next j
Close #2

Fori=1To 1500 Step 1
If (0.05 > inter(i)) Then
fg(1) =fq(1) +1
Elself (0.05 < inter(i)) And (inter(i) <= 0.1) Then
fq(2) =fq(2) +1
Elself (0.1 <inter(i)) And (inter(i) <= 0.15) Then
fq(3) =fq(3) +1
Elself (0.15 < inter(i)) And (inter(i) <= 0.2) Then
fq(4) =fq4) +1
Elself (0.2 <inter(i)) And (inter(i) <= 0.25) Then
fq(5) =fq(5) + 1
Elself (0.25 < inter(i)) And (inter(i) <= 0.3) Then
fq(6) =fq(6) + 1
Elself (0.3 <inter(i)) And (inter(i) <= 0.35) Then
fq(7) =fq(7) +1
Elself (0.35 < inter(i)) And (inter(i) <= 0.4) Then
fq(8) =fq(8) + 1
Elself (0.4 <inter(i)) And (inter(i) <= 0.45) Then
fq(9) =fq(9) + 1
Elself (0.45 < inter(i)) And (inter(i) <= 0.5) Then
fq(10) =fq(10) + 1
Elself (0.5 <inter(i)) And (inter(i) <= 0.55) Then
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fg(1l) =fq(11) +1

Elself (0.55 < inter(i)) And (inter(i) <= 0.6) Then
fg(12) =fq(12) + 1

Elself (0.6 <inter(i)) And (inter(i) <= 0.65) Then
fq(13) =fq(13) + 1

Elself (0.65 < inter(i)) And (inter(i) <= 0.7) Then
fg(14) =fq(14) + 1

Elself (0.7 < inter(i)) And (inter(i) <= 0.75) Then
fq(15) =fq(15) + 1

Elself (0.75 <inter(i)) And (inter(i) <= 0.8) Then
fq(16) =fq(16) + 1

Elself (0.8 <inter(i)) And (inter(i) <= 0.85) Then
fq(17) =fq(17) + 1

Elself (0.85 < inter(i)) And (inter(i) <= 0.9) Then
fq(18) =fq(18) + 1

Elself (0.9 <inter(i)) And (inter(i) <= 0.95) Then
fq(19) =fq(19) + 1

Elself (0.95 <inter(i)) And (inter(i) <= 1) Then
fq(20) =fq(20) + 1
" Elself (0.19 <inter(i)) And (inter(i) <= 0.2) Then
'fg(20) =fq(20) + 1
" Elself (0.2 <inter(i)) And (inter(i) <= 0.21) Then
"fq(21) =fq(21) + 1
" Elself (0.21 < inter(i)) And (inter(i) <= 0.22) Then
'fq(22) =1q(22) + 1
"Elself (0.22 < inter(i)) And (inter(i) <= 0.23) Then
'fq(23) =fq(23) + 1

Elself (1 <inter(i)) Then

fg(21) =fq(21) + 1

Else

End If

Next

Open "a\saeed.txt" For Output As#1
Fori=1To21

Print #1, fq(i)

Next

Close #1

End Sub
Public Sub scenario()
initial_cost = Val(txtic.Text)

operating_cost = Val(txtoc.Text)
tax = Val(txttc.Text)
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p1(1) = 0: p1(2) = 0: p1(3) =0
p1(4) = 0.04: p1(5) = 0.17: p1(6) = 0.35: p1(7) = 0.56: p1(8) = 0.73
p1(9) = 0.85: p1(10) = 0.94: p1(11) = 0.99: p1(12) = 1

p2(1) = 0: p2(2) = 0: p2(3) = 0

p2(4) = 0.04: p2(5) = 0.13: p2(6) = 0.24: p2(7) = 0.42: p2(8) = 0.6

p2(9) = 0.73: p2(10) = 0.84: p2(11) = 0.91: p2(12) = 0.96: p2(13) = 0.99
p2(14) = 1

p3(1) = 0: p3(2) = 0: p3(3) = 0

p3(4) = 0.03: p3(5) = 0.12: p3(6) = 0.22: p3(7) = 0.35: p3(8) = 0.5

p3(9) = 0.62: p3(10) = 0.73: p3(11) = 0.82: p3(12) = 0.89: p3(13) = 0.94
p3(14) = 0.97: p3(15) = 0.99: p3(16) = 1

p4(4) = 0.03: p4(5) = 0.1: p4(6) = 0.19: p4(7) = 0.29: p4(8) = 0.42
p4(9) = 0.53: p4(10) = 0.64: p4(11) = 0.73: p4(12) = 0.82: p4(13) = 0.87
p4(14) = 0.92: p4(15) = 0.95: p4(16) = 0.98: p4(17) = 0.99: p4(18) = 1

End Sub

Private Sub Commandl_Click()
End

End Sub

Private Sub Form_L oad()
grdres.Row =0
grdres.Col = O: grdres.Text = "Number"
grdres.Col = 1: grdres.Text = "Porosity"
grdres.Col = 2: grdres.Text = "Thickness'
grdres.Col = 3: grdres.Text = "Water Saturation”
grdres.Col = 4: grdres.Text = "Initia Gas In Place"
grdres.Col = 5: grdres.Text = "Recovery Factor"
grdres.Col = 6: grdres.Text = "Estimate Recovery"
grdres.Col = 7: grdres.Text =" DCFROR"
grdres.Col =0
Fori=1To 1000 Step 1

grdres.Row =i

grdres.Text =i
Next
End Sub
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