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2439489

A SYSTEM FOR EVALUATING OVER AND UNDERBALANCED DRILLING
OPERATIONS

Embodiments of the present invention generally relate to completion of a well.
More specifically, embodiments of the present invention pertain to analysis of

different drilling methods used for completing a well.

Historically, wells have been drilled with a column of fluid in the wellbore
designed to overcome any formation pressure encountered as the wellbore is
formed. This “overbalanced condition” restricts the influx of formation fluids such
as oil, gas or water into the wellbore. Typically, well control is maintained by
using a drilling fluid with a predetermined density to keep the hydrostatic pressure
of the drilling fluid higher than the formation pressure. As the wellbore is formed,
drill cuttings and small particles or “fines” are created by the drilling operation.
Formation damage may occur when the hydrostatic pressure forces the drilling
fluid, drill cuttings and fines into the reservoir. Further, drilling fluid may flow into
the formation at a rate where little or no fluid returns to the surface. This flow of
fluid into the formation can cause the “fines” to line the walls of the wellbore.
Eventually, the cuttings or other solids form a wellbore “skin” along the interface
between the wellbore and the formation. The wellbore skin restricts the flow of

the formation fluid and thereby damages the well.

In conventional (overbalanced) drilling conditions, the drilling fluid penetrates the
reservoir, damaging the near-bore formation and obstructing the flow of oil and
gas into the wellbore. This formation damage limits the productivity of the well.
The less oil and gas an operator recovers from a well, the less money returned
on their investment. Several years ago, one major operator estimated the net
potential cost of formation damage over the remaining life of all of their fields at
$1.5 billion before taxes.
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Underbalanced drilling operations lighten the hydrostatic pressure of the drilling
fluid column so that the pressure in the wellbore is less than the formation
pressure at all times. The lower pressure in the wellbore encourages the oil/gas
to flow from the formation and virtually eliminates the flow of drilling fluids into the
formation. This increases the reservoir's rate of production and maximizes the

recovery of available reserves.

The industry uses a dimensioniess number called the skin factor to measure the
amount of formation damage. The skin factor represents the degree which a
wellbore is lined with particulate matter. The skin factor is proportional to the
steady state pressure difference around the wellbore. The skin factor is
calculated to determine the production efficiency of a wellbore by comparing
actual conditions with theoretical or ideal conditions. Over three years, the
production value of a well with a skin factor of ten might be $60 million. If the
same well were drilled underbalanced—leaving it with a skin factor of two—the
production value would typically be 75 percent higher or $105 million over the

same three-year period.

The costs for underbalanced drilling (UBD) are higher than the costs for
overbalanced drilling. Taken alone however, when benefits directly attributable to
underbalanced drilling are considered, such as increased rates of penetration
(ROP) and more trouble-free rig time, underbalanced drilling proves to be the
more cost-effective drilling method. Lighter drilling fluids mean faster drilling time.
Faster drilling time means lower drilling costs. Underbalanced drilling has been
proven to increase the ROP by 100-500 percent. For example, an operator in
Venezuela estimated drilling time for a conventionally drilled well at 43 days. The

well was later drilled underbalanced in 17 days.

A lost circulation zone can drive up the cost of any well. It results in lost fluid, the
addition of lost circulation materials, slower drilling time, and the reconditioning of
the drilling mud when the zone is passed through—all additional costs. If the lost

circulation zone causes the pipe to stick, then the costs of the equipment lost in
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the hole, fishing operations, sidetracking, and rig downtime will also be incurred.
Underbalanced drilling provides insurance against such drilling problems
because the pressure in the annulus is never greater than the formation
pressure, and therefore, the pressure differential neither pushes the drilling fluid

into the reservoir nor draws the pipe to the formation.

For example, a conventionally drilled well in Wyoming suffered fluid losses of
40,000 barrels as well as differential sticking (the well was sidetracked three
times). The budget overrun was $6 million. By comparison, an underbalanced
well was drilled in the pay section, experiencing total fluid losses of only 200

barrels and no differential sticking. The well was drilled under budget.

Underbalanced drilling can also curtail expensive stimulation costs. Stimulations
are usually conducted to get beyond formation damage or to create artificial
permeability in low-permeability zones. Since underbalanced techniques
decrease the amount of formation damage and encourage the oil and gas to flow
from the reservoir, underbalanced drilling can reduce or eliminate the need of

stimulation.

Formulas for calculating skin factor based on geological data, experience, core
samples, etc., are well known in the art. Companies have also modified these
formulas or formulated new ones based on experience which they most certainly
regard as proprietary. Once the skin factor is calculated, a production curve can
then be caiculated. Combining the production curve with cost data will yield the
net present value (NPV) of the well. Compounding this, though, is the fact that a
lot of the factors that go into calculating the skin factor and the costs are fraught
with substantial uncertainty. Thus, the uncertainty associated with the skin factor
and costs calculations must be statistically analyzed or “risked”, calculating skin
factor and cost while varying the “riskable” parameters.  Further, all of these
calculations must be performed with all of the available completion methods, i.e.,
underbalanced and overbalanced completion, to enable selection of the best

method.
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Computer programs for performing at least some of these functions are also
known in the art. However, performing all of these functions together involves
splicing together numerous different computer programs and/or manual
calculations, wasting valuable manpower. Thus, there is a need for a
comprehensive computer program that allows a user to input all of the necessary
data to perform rigorous skin factor calculations, cost analysis, flow projections,
NPV analysis, and risking of all values associated with substantial uncertainty.
Further, due to the uncertainty associated with many of the calculations,

calibration of the software using data from existing wells would be very beneficial.

The present invention provides a method and software for evaluating different
completion methods for a reservoir. More specifically, the invention is useful in

selecting the most viable method to complete a wellbore.

Embodiments of the present invention may be implemented as a set of one or
more (e.g., a suite of) application programs for use with a computer system. The
application program(s) generally include sets of instructions defining operations
of methods described herein and can be contained on any suitable type
computer-readable medium. Examples of suitable type computer-readable
media include, but are not limited to: read-only storage media (e.g., a CD-ROM or
DVD), writable storage media (e.g., floppy disks, hard drives, CD-R/RWs), as well
as information conveyed to a computer by a communications medium, such as
through a computer network, including wireless networks and the Internet.

In an exemplary arrangement, an interface is provided allowing a user to enter
reservoir data. The method further comprises providing an interface allowing a
user to enter parameters related to a first drilling technique. A first skin factor is
then generated based on the reservoir data and the driling parameters.
Preferably, a first set of production data is then calculated from the first skin
factor. Optionally, an interface is provided allowing the user to enter cost data
related to the first drilling technique and a first total cost is generated. The

production and the total cost related to the first technique can be combined and a



10

15

20

25

report indicating the economic impact of drilling the reservoir using the first

completion technique can then be generated.

Preferably, the user can enter ranges of the reservoir and/or cost data, referred to
as “riskable” parameters, that are subject to considerable uncertainty and multiple
total costs and/or skin factors can be calculated through multiple iterations.
Risked production data can be calculated from the multiple skin factors and
combined with the multiple total costs to yield risked net revenue data and a
risked net present value. The entire process may be completed with alternate
completion methods. The economic data resulting from each completion method
can then be combined for comparison by the user. The user can then select the

most feasible option and complete the wellbore.

So that the manner in which the above recited features of the present invention
can be understood in detail, a more particular description of the invention, briefly
summarized above, may be had by reference to embodiments, some of which
are illustrated in the appended drawings. It is to be noted, however, that the
appended drawings illustrate only typical embodiments of this invention and are
therefore not to be considered limiting of its scope, for the invention may admit to

other equally effective embodiments.

Figures 1A and 1B are cross sections of a well completed with overbalanced and

underbalanced techniques, respectively.

Figure 2 is a flow diagram of exemplary operations of methods employed in the

current invention.

Figure 3 is a detailed flow diagram of exemplary operations of methods employed

in the current invention.
Figure 4 illustrates an exemplary GUI screen of a historical database.

Figure 5 displays an exemplary GUI screen of a formation data input module.
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Figure 6 displays an exemplary GUI screen of a skin factor calculation and a

production curve.

Figure 7 displays an exemplary GUI screen of a skin factor calculation and a

production curve.
Figure 8 is a flow diagram of exemplary operations for skin factor risk analysis.

Figure 9 is an exemplary skin distribution curve generated using the operations of

Figure 8.
Figure 10 is an exemplary skin sensitivity curve.

Figure 11 is an exemplary risked net revenue curve for completion using both

overbalanced and underbalanced completion technigues.

Figure 12 is an exemplary risked NPV curve for completion using both
overbalanced and underbalanced completion techniques

The present invention provides an improved method and software for evaluating
completion of a wellbore. The invention employs extensive input and calculation
modules as a means for efficiently comparing alternative methods of completion.

Figures 1A and 1B depict a wellbore completed using overbalanced and
underbalanced techniques, respectively. As discussed above, overbalanced
completion results in more skin damage to the producing formation than does a
well completed using underbalanced techniques. Thus, the flow rate, Q, for a
given well, will be lower for the well completed by overbalanced drilling compared
to the same well completed with underbalanced techniques.

For sake of convenience, the software of the preferred embodiment discussed
below shall be referenced in modules. These modules are the input, calculation,

and risk modules.
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Figure 2 is a flow diagram of exemplary operations 200 for selecting a
completion method (i.e., underbalanced or overbalanced) according to aspects of
the present invention. A reservoir is shown ready for completion. At step 202,
the reservoir data, such as formation depth, formation type, and fracture or vug
data, is entered into the input module of the present embodiment. At step 204,
necessary cost and completion data for one type of drilling method for completion
(e.g., overbalanced). The software then calculates the skin factor, at step 206,
and total completion cost, at step 209, that would result from using the selected
completion method. From the skin factor, the software then generates production
data at step 208, such as initial flow rate, flow decline, and cumulative production.
The software combines the total completion cost data and the production data at
step 210 to generate a net present value (NPV) for the well completed with the

selected completion method.

At step 212, the process is then repeated for any/all altemate completion
methods (i.e., underbalanced). The NPVs of the two compietion methods can be
compared at step 214 to select the better method of completion. At step 216, the
well is then completed with the better method.

Figure 3 is a flow diagram of exemplary operations 300 for completion analysis
according to the present invention. Once a wellbore is ready to be completed,
the software is first run on past-completed wells at step 302, similar to the
wellbore at hand, to see if the total completion cost and skin factor calculations
are accurate. For example, the data for past-completed wells may be stored in a
historical database module of the software. If the predictions are not accurate,
the cost estimation and/or skin factor calculation modules can be configured until

they conform to actual results.

Figure 4 is an exemplary screen of a historical database illustrating some of the
information that may be stored. In the screen shot, reservoir and production data
is shown for a past-completed well. First seen in the screen shot is a list of wells
for which data is contained providing the well name and record number. There is
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also a section of the screen for individual data for a particular well. This section
comprises four subsections: general well data, production zone data, pressure
data, and production data. The general well data subsection comprises data for
country, province/state, county/parish, and well name. The production zone
subsection comprises data for latitude, longitude, TV depth, KB elevation, sub
sea depth, R/R date, license date, and on production date of a selected
production zone for the particular well. This subsection also comprises a scroll
bar for selecting through the various production zones. This subsection also
comprises data (not shown) for the drilling approach used (i.e., underbalanced or
overbalanced), the orientation (i.e., vertical or horizontal), and the name of the
selected production zone. This data is also reproduced (shown) above the
pressure data and production data subsections. The pressure data subsection
comprises data for test identification, date, type, shut in time, well head pressure,
and run depth for the selected production zone. This subsection also comprises
a scroll bar for selecting through multiple sets of pressure data for a selected
production zone. The production data subsection comprises data for year,
month, production time, oil production, gas production, and water production of
the selected production zone. The historical database may alsq store other data
collected from the past-completed well, such as completion cost and/or skin

factor(s).

At step 304 the reservoir, completion, and cost parameters are entered into
graphical user interface (GUI) screens of the input module for the set completion
method (i.e., overbalanced) of the well being analyzed.

CALCULATION MODULE

The calculation module is comprised of skin factor and cost estimation sub-
modules. The skin factor calculation and cost estimation sub-modules at step
306 then calculate the skin factor and total cost, respectively, for the set
completion method (i.e., overbalanced) of the well being analyzed. From the skin
factor and other parameters, the program at step 308 then calculates an initial
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flow rate, flow decline data, and cumulative production data for completion of the
well using the set completion method. The program can calculate and generate a

gross revenue curve from the cumulative production results.

Figure 6 is an exemplary skin factor output screen. Preferably, the software
calculates skin factor by combining several different forms of skin damage.
These different forms may include, but are not limited to solids invasion, glazing,
mashing, phase trap (invasion), phase trap (imbibition), fines migration, clay
sensitivity, wettability alteration, asphaltene precipitation, scale precipitation, and
emulsion creation. Also calculated and displayed is the radius of damage into the

wellbore wall for each form of damage and for the overall skin factor.

The weight each form of damage contributes to the overall skin factor can be
changed by altering the weighing factor, displayed in the Figure. A form of
damage can be entirely excluded by setting the weighing factor to zero. ;I'he
program also calculates and displays both permeability and radius of damage for
average near wellbore, average deep damage, average total damage, and
undamaged zone. This screen also contains a production curve calculated from
the skin factor. As discussed above, the different forms of skin damage can be
calculated from formulas known in the art or proprietary ones. Aiso, more or less
forms of damage can be used to calculate the skin factor without deriving from

the scope of the invention.
RISK MODULE

At step 310, the estimated ranges for well data and cost variables associated with
substantial uncertainty (“risked variables”) are then entered into a GUI screen.
Preferably, the ranges are actually entered when the well and cost parameters
are entered in the input module. For some embodiments, these ranges may be
entered via a tabbed Risked Reservoir Variables sub-module GUI screen of the

input module, such as that illustrated in Figure 7, and the Time Estimates, Cost
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Estimates, and Correlations sub-portions of the Cost sub-module of the input

module (not shown).

The Risked Reservoir Variables, contained in Figure 7, sub-module provides
three sub-portions for skin, NPV, and correlations. The skin sub-portion
comprises min., mode, and max. inputs for reservoir pressure, largest aperture of
fracture, type of vugs (i.e., pinpoint, medium, or large), in-situ horizontal
permeability, vertical to horizontal permeability ratio, dynamic driling period in
pay section, number of tripping operations, number of OB pulse incidents during
drilling, amount of OB pressure incidents, duration of OB pressure pulse
incidents, circulating OB pressure, mud API fluid loss ~ base solution only, water
saturation fraction, and formation porosity fraction. For each variable, the
program calculates and displays an estimation from the inputs. The program also
calculates and displays a min., mode, max., and estimated skin from the inputs.
The NPV sub-portion (not shown) comprises inputs for unit price and discount
rate. The correlations sub-portion (not shown) comprises inputs for correlating
factors that correlate each of the variables inputted in the skin sub-portion to one

another.

The Time Estimates sub-portion of the Cost sub-module (not shown) comprises
min., mode, and max. time inputs; probability, maximum incidents, and additional
cost inputs; and estimated time and estimated cost outputs for drilling casing
exit/curve (time only), time to drill reservoir section (time only), rig crew efficiency
fraction (time only), slide, stuck in hole, lost circulation, surface equipment failure,
drillstring problems, BHA failure (outputs time, no inputs), completion, and
equipment logistics time. The sub-portion also outputs times and costs for
dynamic drilling period, total estimated drilling, and total estimated drilling and
completion calculated from the data inputted into the sub-portion. The Cost
Estimates sub-portion (not shown) comprises min., mode, and max. drilling cost
inputs; min., mode, and max. completion cost inputs; and estimated drilling cost

and estimated completion cost outputs for daily drilling cost, location, bits, casing
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and liners, cement, mob/de mob, formation evaluation, other costs, additional
personnel, top hole cost, casing, wellhead equipment, and other equipment. The
program also calculates and displays total estimated drilling cost and total
estimated completion cost from data entered into the sub-portion. The
correlations sub-portion comprises inputs for correlating factors that correlate
each of the variables inputted in the time estimates sub-portion to one another

(time and probability, if applicable).

At step 312, the program then runs through multiple iterations, varying one or
more variable(s) by a set increment and calculating a skin factor, total cost, and
production curves for each iteration of each variable until all possible
combinations have been exhausted. Figure 8 is a flow diagram of exemplary
operations 800 for a skin factor risk analysis. Once the user has entered the
ranges for selected inputs at step 802 affecting the skin factor, the software
begins iterating through the ranges of the input variables at step 804, calculating
a skin factor during each iteration at step 806. Production data may also be
calculated during this step. The results of each iteration are stored at step 808
for later analysis. Then one or more of the variable(s) are modified at step 810
according to known statistical techniques, such as a Monte Carlo technique.
When the loop is completed at step 812, the software can then calculate and
generate skin distribution, skin sensitivity, and risked production curves. The
software can also perform a similar process to calculate a risked total cost.

At steps 314, 316, and 318, the program then assembles the risked skin and total
completion cost data and generates a skin distribution and sensitivity chart, a
total cost distribution and sensitivity chart, and a risked production curve (and/or
gross revenue curve). Figure 9 is an exemplary skin distribution graph
generated by the software from the results of the skin factor risk analysis. From
the graph, the user can gauge the variance in the skin factor resulting from the
ranges of the riskable input factors. A similar curve can be calculated and

generated with total cost. Figure 10 is an exemplary skin correlation graph
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generated by the software from the results of the skin factor risk analysis. From
the graph, the user can see the relative effect of each of the riskable input
variables on the skin factor. Thus, investment in one area may be warranted to
control a parameter that has a great impact on the skin factor. A similar graph

can be calculated and generated with total cost.

At step 320, the program then combines the risked production and total
completion cost results and calculates a risked NPV and/or calculates and
generates a net revenue curve. Figure 11 contains two sets of exemplary risked
net revenue curves, one for overbalanced completion and one for underbalanced
completion. From these curves, the user can compare the two different
techniques for completing the well. Figure 12 contains two exemplary NPV
distribution curves, one for overbalanced completion and one for underbalanced
completion. From these curves, the user can compare the two different
techniques for completing the well, gauge the variance in the NPV resulting from
risking the input variables, and select the most advantageous completion method.

At step 322, the entire process is then repeated for any/all alternate completion
methods (i.e., underbalanced). At step 324, the software then combines the

results for comparison by the user.
INPUT MODULE

Preferably, the input module comprises several sub-modules. These include, but
are not limited to, formation, well data, drilling fluid, reservoir, formation damage,
flow module, risked reservoir variables, and cost modules. Preferably, each sub-
module can be accessed on the GUI screen by clicking on a tab. Each sub-
module may further comprise multiple sub-portions and sub-parts also accessible
by tabs or check-boxes. The input blanks may be configured to allow data to be
typed in, comprise a pull-down box, or comprise a fill-dot selection.

Figure 5 is an exemplary GUI screen of the Formation sub-module of the input

module. The screen displays a typical Formation sub-module further comprising
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a basic core data, X-ray data, fracture data, and vug data sub-part. The Basic
Core Data sub-part is selected in the screen shot. Seen Figure 5 are inputs for
formation name, top depth, base depth, net to gross pay, net pay, current
reservoir pressure, current reservoir temperature, formation O-W contact angle,
and formation type (sandstone, limestone, dolomite, granite, or evaporate). The
“Formation is” check-box activates the fracture data and/or vugs data sub-parts
depending on the selection. The Fracture Data sub-part contains inputs for
smallest aperture of fracture, largest aperture of fracture, most frequently
occurring fracture size, fracture density, and fracture orientation. The Vugs Data
sub-part provides inputs for type of vugs and frequency vugs. The tabbed Basic
Core Data sub-part provides inputs for sample number, interval, K, K, and Phi.
The tabbed X-ray Data (not shown) sub-part allows inputs for a bulk x-ray data
analysis comprising percentages of quartz, calcite, dolomite, anhydrite,
pyrobitumen, and total clay; a clay fraction analysis comprising percentages of
kalonite, illite, chiorite, smectite, and mixed layer clay; cement type; and degree

of cementation.

The tabbed Well Data sub-module (not shown) provides inputs for well name,
well location, type of well (horizontal, vertical, etc.), well orientation, well size,
completion type, perforation charge size, shot density, completion method
(overbalanced, underbalanced, etc.) planned stimulation type, depth of
stimulation, completion fluid, completion overbalanced pressure, fracture
gradient, surface casing size, surface casing top depth, surface casing base
depth, intermediate casing size, intermediate casing top depth, intermediate
casing base depth, open hole size, open hole top depth, open hole base depth,
primary producing phase, aquifer in contact with pay zone, gas cap in contact
with oil leg, total length of well in contact with gross pay, well overall drainage
area, length to width ratio of drainage area, length of drainage area, width of
drainage area, X-coordinate of horizontal well, Z-coordinate of horizontal well,

Y 1-coordinate of horizontal well, and Y2-coordinate of horizontal well.
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The tabbed Drilling Parameter sub-module (not shown) provides inputs for desire
drilling approach (conventional overbalanced, low head overbalanced, flow
drilling, or induced underbalanced), solids control type (double centrifuge,
centrifuge, shaker, or none), expected average ROP while drilling, bit type
proposed for use, duration of dynamic drilling period in pay section, duration of
shut in period after drilling, hole cleaning effectiveness, number of tripping
operations, estimated friction pressure component, calculated static BH pressure,
calculated static OB pressure, calculated circulating BH pressure, calculated
circulating OB pressure, number of OB pulse incidents during drilling, duration of
OB pressure pulse incidents, average value of OB pressure incidents, BH
pressure during drilling operation, surface back pressure to be maintained, and

desired amount of UB pressure.

The tabbed Drilling Fluid sub-module (not shown) provides inputs for drilling fluid
(water based clear fluid, water based polymer, water based polymer and starch,
water based gel chemical, aphron, water based foam, pure oil based, invert
emulsion oil based, oil based foam, oil-gas energized system, water-gas
energized system, water based mutual solvent, mist drilling water, mist drilling oil,
pure air, pure nitrogen, pure natural gas, or pure flue gas. The sub-module
contains three tabbed sub-portions for Basic Drilling Fluid Data, Additives and
Solids, and Filtrate Analysis. The Basic Drilling Fluid Data sub-portion contains
inputs for nominal density of the circulating mud at average TVD, including
entrained gas, if present; mud API fluid loss of base solution only; gas phase
type; base fluid injection rate; base gas injection rate; mud name; mud supplier;
mud PV for base solution only; mud YP for foaming base solution only; mud
HPHT fluid loss for base solution only; and mud filtrate oil-water contact angle.
The Additives and Solids sub-portion contains inputs for additive name, additive
concentration, concentration units, artificial bridging agent type, artificial bridging
agent concentration, artificial bridging agent concentration units, amount of
hydrophobic additives, particle size of median size mud solids, particle size of
median size bridging agent, particle size of D10 size mud solids, particle size of
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D10 size bridging agent, particle size D50 size mud solids, particle size of D50
size bridging agent, particle size of D90 size mud solids, particle size of D90 size
bridging agent, and mass percentage of total mud solids content. The Additives
and Solids sub-portion comprises inputs for N, CO2, H2S, C4, Ca, Cs, C4, IC4,
NC4, ICs, NCs, and Cg+ components of pure gas mud filtrate and oil base mud
filtrate. For water base mud filtrate, the inputs provided are for cations Na, K, Ca,
Mg, Ba, Sr, Fe, and Mn; anions Cl, I, HCO3;, SC4, OH, CO3;, and H,S; PH; total

dissolved solids; viscosity; and density.

The tabbed Reservoir sub-module (not shown) provides five tabbed sub-portions
for Reservoir Fluids, In-Situ Pemmeability, Capillary Pressure, Relative
Permeability, and Reservoir Problems. The Reservoir Fluids sub-portion
comprises inputs for Na, CO,, HzS, Cq, Cz, Cj3, C4, IC4, NC4, ICs, NCs, and Ce+
components of gas, dead oil, and recombined phases of the reservoir fluid. The
sub-portion further provides three tabbed sub-parts for Oil, Gas, and Formation
Water. The Oil sub-part comprises inputs for oil API gravity, specific gravity of
solution gas, separator GOR, separator pressure, separator temperature, dead
oil viscosity at reservoir temperature, date of PVT study, PVT study conducted
by, PVT study report number, formation sampled, well location sampled, bubble
point pressure, sample analyzed (i.e., recombined), and parafinic oil (cloud point
greater than water freezing temperature). Also, the sub-part comprises inputs
for P, Do, Vo, Bo, GOR, Z, Sg, and Bg components of differential liberation data.
The Gas sub-part comprises inputs for condensate gas ratio, dew point pressure,
and max. liquid dropout. The Formation Water sub-part comprises inputs for
cations Na, K, Ca, Mg, Ba, Sr, Fe, and Mn; anions Cl, |, HCO;, SC4, OH, CO;,
H,S, and F; PH; total dissolved solids; viscosity; and density. Also, the sub-part
comprises inputs for P, Do, Vo, Bo, GOR, Z, Sg, and Bg components of
differential liberation data. The In-Situ Permeability sub-portion comprises inputs
for in-situ permeability options (i.e., user input), average in-situ horizontal
permeability of producing zone, estimated vertical to horizontal permeability ratio,
average formation porosity, and desired net overburden pressure. From these
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inputs, the program can calculate and display calculated reservoir net overburden
pressure in this sub-portion. The capillary pressure sub-portion comprises an
option to import raw air-mercury pressure data (Pc and Sair) for the target
formation or the user can use library data from a database contained in the
software. The sub-portion also provides inputs for is reservoir in capillary
equilibrium with a free water contact, distance of the mapped water oil or gas oil
contact to the midpoint of the oil or gas production interval, estimated swi from
capillary pressure data, estimated swi from log data or traced core analysis,
correlation of measured log sw with porosity, oil-water interfacial tension, gas-
water interfacial tension, and formation wettability. From these inputs, the
program can calculate and display estimated formation wettability, calculated <1
micron percent micorpores, calculated 1-3 micron percent micorpores, and
calculated >3 micron percent micorpores. The Reservoir Permeability sub-
portion comprises an option to enter relative permeability data (Sw, Knw, and
Kro), have the program calculate relative permeability from provided inputs for
shape exponents, or use library data from a database contained in the software.
The provided inputs for shape exponents are water shape factor (1-10), oil shape
factor (1-10), desired initial water saturation at Kro=1, critical water saturation,
maximum water saturation, and endpoint water relative permeability. The sub-
portion also contains an option to have the software normalize the relative
permeability data to average initial water saturation. The Reservoir Problems
sub-portion comprises location (i.e., at surface, in tubing, or downhole), severity
(i.e., moderate, mild, or severe), and type (i.e., oil in water, water in oil, or gas in
oil) inputs for wax and parifin problems, emulsion problems, asphaltene
deposition issues, scale problems, and bacterial induced damage.

The tabbed Formation Damage sub-module (not shown) provides five tabbed
sub-portions for Drilling Fluid Leakoff Data, Phase Trap Test Data, Fines
Migration, Water Sensitivity, and Fluid Compatibility. The Drilling Fluid Leakoff
Data sub-portion provides an option to enter drilling mud leakoff testing on
formation core data or to use analog data contained in the software. If testing
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data is used, the sub-module provides inputs for a leakoff test validity check
further providing inputs for wettability restored or preserved state core, corrected
initial saturations, reservoir temperature used, correct overbalanced pressure
used, drilling mud used same as evaluated here, mud fluid loss and solids
content compatible, and mud contained drilling solids. Also, the sub-module
comprises inputs for core sample number, core length, core diameter, base mud
name and type, underbalanced pressure used, and overbalanced pressure used.
Further, the sub-module provides pressure and permeability inputs for initial
undamaged permeability at max. drawdown pressure, threshold permeability post
UB mud flow initiation, permeability at max. drawdown regain pressure post UB,
threshold permeability post OB mud pulse, and permeability post max OB pulse
drawdown regain pressure. Even further, the sub-module provides cumulative
fluid loss inputs for measurements taken at 30, 120, 180, 210, and 240 minutes.
The Phase Trap Test Data sub-portion provides a phase trap test validity check
further comprising inputs for phase trapping fluid is water, wettability restored or
preserved state core, corrected initial saturations, reservoir temperature used,
and core permeability representative of formation of interest. Further, the sub-
portion comprises pressure, permeability, gas saturation fraction, oil saturation
fraction, and water saturation fraction inputs for initial undamaged core and test
conditions, at phase trap fluid mobilization threshold (pressure and permeability
only), post phase trap maximum pressure, and core sample length (pressure
only). The Fines Migration Data sub-portion provides inputs for displacing fluid
for fines migration test, was a fines migration probiem present, critical interstitial
velocity when fines migration occurred, and percent maximum reduction in base
permeability. The Water Sensitivity sub-portion provides salinity, divalent ions,
total cat ions, PH, and percent reduction in permeability inputs for formation water
and mud filtrate. The Fluid Compatibility sub-portion comprises available fluid
compatibility data for the drilling filtrate and formation fiuids inputs for type(s) of
data available (i.e., filtrate water-formation), incompatibility (i.e., mild), and

emulsion problem (i.e., severe).



10

15

20

25

-18 -

The tabbed Flow Module sub-module (not shbwn) provides four sub-portions for
Boundary Conditions, Simulation Time, Relative Permeability Data of Reservoir
Fluid, and Optional Data. The Boundary Conditions sub-portion comprises inputs
for maximum flow rate, initial reservoir pressure, and flowing bottom-hole
pressure. The Simulation Time sub-portion comprises inputs for start year, stop
year, and time step. The relative permeability data of reservoir fluids sub-portion
comprises inputs for critical gas saturation, residual oil saturation, oil end point
relative permeability, and gas end point relative permeability. The Optional Data
sub-portion comprises inputs for comparable skin factor.

The tabbed Risked Reservoir sub-module is discussed above with the Risk

module.

The tabbed Cost sub-module (not shown) provides four tabbed sub-portions for
Drilling Reservoir Section, Time Estimates, Cost Estimates, and Correlations.
The Driling Reservoir Section sub-portion comprises 5 sub-parts for lateral
section, tripping data, lateral time, tripping time distribution, and trip counter. The
lateral section sub-part provides inputs for expected average ROP and lateral
length. The Tripping Data provides inputs for initial trip length (no snubbing),
length of trip #1, length of trip #2, length of trip #3, average tripping speed,
average tripping speed using snubbing, and start depth for snubbing. The
program calculates and displays final trip length from the inputs. The Lateral
Time sub-part provides inputs for time spent on build-up test and time spent on
flow test. From the inputs, the program calculates and displays expected drilling
time and time spent tripping. The Tripping Time Distribution sub-part provides
outputs for min., mean, and max. calculated from data inputted into the sub-
portion. The Trip Counter sub-portion provides inputs for completion trips and
formation evaluation trips and outputs for planned trips, unscheduled trips, and
total trips calculated by the program from data inputted into the sub-portion. The
Time Estimates, Cost Estimates, and Correlations sub-portions are discussed

above with the Risk module.
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The input module, described above, is only for a preferred embodiment of the
present invention. Depending on formulations used to calculate skin factor,
individual well conditions, and individual user preference, some sub-modules,
sub-portions, sub-parts, and/or individual inputs may be increased, reduced, or

entirely eliminated.
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CLAIMS:

1. A method of comparing completing of a reservoir using overbalanced and
underbalanced techniques, comprising:

analyzing reservoir data and parameters for overbalanced completion to
generate a first skin factor,

analyzing reservoir data and parameters for underbalanced completion to
generate a second skin factor;

operating an economic model using the first and second skin factors; and

generating a report indicating the economic impact of completing the
reservoir using each technique, based on the first and second skin factors.

2. The method of claim 1, wherein the method is a computer implemented
method and the method further comprises:

providing an interface allowing a user to enter reservoir data;

providing an interface allowing a user to enter parameters for
overbalanced completion;

generating a first skin factor based on the reservoir data and the
parameters for overbalanced completion;

providing an interface allowing a user to enter parameters for
underbalanced completion; and

generating a second skin factor based on the reservoir data and the

parameters for underbalanced completion.

3. The method of claim 2, wherein the method further comprises:

providing an interface allowing a user to enter a range of one or more
riskable variables related to reservoir data and parameters for overbalanced
completion;
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wherein generating the first skin factor comprises iteratively generating a
range of skin factors, varying one or more of the riskable variables in each
iteration;

providing an interface allowing a user to enter a range of one or more
riskable variables related to reservoir data and parameters for underbalanced
completion; and

wherein generating the second skin factor comprises iteratively generating
a range of skin factors, varying one or more of the riskable variables in each

iteration.

4, A computer implemented method of analyzing the impact of drilling of a
reservoir, comprising:

providing an interface allowing a user to enter reservoir data;

providing an interface allowing a user to enter parameters of a first of one
or more drilling techniques; and

generating a first skin factor based on the reservoir data and the
parameters of the first drilling technique.

5. The method of claim 4, wherein the method further comprises: generating

a first set of production data from the first skin factor.

6. The method of claim 5, wherein the method further comprises: providing
an interface allowing a user to enter cost data of the first drilling technique and

generating a first total cost based on the cost data.

7. The method of claim 6, wherein the method further comprises: combining
the production data and the total cost data and generating a report indicating the
economic impact of drilling the reservoir using the first drilling technique.
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8. The method of claim 4, wherein the method further comprises:

providing an interface allowing a user to enter a range of one or more
riskable variables related to reservoir data and parameters of the first drilling
technique; and

wherein generating the first skin factor comprises iteratively generating a
range of skin factors, varying one or more of the riskable variables in each
iteration.

9. The method of claim 8, wherein the method further comprises: generating
a first set of production data from the range of skin factors.

10. The method of claim 9, wherein the method further comprises:

providing an interface allowing a user to enter a range of one or more
riskable variables related to cost data of the first drilling technique; and

wherein generating the first total cost comprises iteratively generating a
range of total costs, varying one or more of the riskable variables each iteration.

11.  The method of claim 10, wherein the method further comprises: combining
the first set of production data and the first set of total cost data and generating a
report indicating the economic impact of drilling the reservoir using the first

technique.

12. The method of claim 4, wherein the method further comprises: providing
an interface allowing a user to enter parameters of a second drilling techniques
and generating a second skin factor based on the reservoir data and the
parameters of the second drilling technique.

13. The method of claim 12, wherein the first and second drilling techniques
comprise underbalanced and overbalanced drilling techniques.
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14.  The method of claim 12, wherein the method further comprises: generating
a second set of production data from the second skin factor;

providing an interface allowing a user to enter cost data of the second
drilling technique and generating a second total cost based on the cost data;

combining the production data and the total cost data and generating a
report indicating the economic impact of drilling the reservoir using the second
technique; and

combining the report of the first technique with the report of the second

technique.

15. A computer-readable medium containing a program for analyzing the
impact of drilling of a reservoir which, when executed by a processor, performs
operations comprising:

providing an interface allowing a user to enter reservoir data;

providing an interface allowing a user to enter parameters of a first of one
or more drilling techniques; and

generating a first skin factor based on the reservoir data and the

parameters of the first drilling technique;

16. The computer-readable medium of claim 15, wherein the operations
further comprise: generating a first set of production data from the first skin factor.

17.  The computer-readable medium of claim 16, wherein the operations
further comprise: providing an interface allowing a user to enter cost data of the
first drilling technique and generating a first total cost based on the cost data.

18. The computer-readable medium of claim 17, wherein the operations
further comprise: combining the production data and the total cost data and
generating a report indicating the economic impact of drilling the reservoir using
the first technique.
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19. The computer-readable medium of claim 15, wherein the operations
further comprise:

providing an interface allowing a user to enter a range of one or more
riskable variables related to reservoir data and parameters of the first drilling
technique; and

wherein generating the first skin factor comprises iteratively generating a

range of skin factors, varying one or more of the riskable variables each iteration.

20. The computer-readable medium of claim 19, wherein the operations
further comprise: generating a first set of production data from the range of skin

factors.

21. The computer-readable medium of claim 20, wherein the operations
further comprise:

providing an interface allowing a user to enter a range of one or more
riskable variables related to cost data of the first drilling technique; and

wherein generating the first total cost comprises iteratively generating a
range of total costs, varying one or more of the riskable variables each iteration.

22. The computer-readable medium of claim 21, wherein the operations
further comprise: combining the first set of production data and the first set of
total cost data and generating a report indicating the economic impact of drilling
the reservoir using the first technique.

23. The computer-readable medium of claim 15, wherein the operations
further comprise: providing an interface allowing a user to enter parameters of a
second drilling technique and generating a second skin factor based on the
reservoir data and the parameters of the second drilling technique.

24. The computer-readable medium of claim 23, wherein the first and second

drilling techniques comprise underbalanced and overbalanced drilling techniques.
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25. The computer-readable medium of claim 23, wherein the operations
further comprise: generating a second set of production data from the second
skin factor;

providing an interface allowing a user to enter cost data of the second
drilling technique and generating a second total cost based on the cost data;

combining the production data and the total cost data and generating a
report indicating the economic impact of drilling the reservoir using the second
technique; and

combining the report of the first technique with the report of the second

technique.

26. The computer-readable medium of claim 15, wherein the operations
further comprises: providing a library of previously completed well data allowing a
user to calibrate the medium.

27.  The method of claim 8, wherein the method further comprises: generating

the relative sensitivity of the skin factor to each of the riskable variables.

28. A computer implemented method of analyzing the impact of drilling of a
reservoir, comprising:

providing an interface allowing a user to enter reservoir data;

providing an interface allowing a user to enter parameters of a drilling
technique;

providing an interface allowing a user to specify a weight factor for a
plurality of sub-factors on the skin factor; and

generating the plurality of skin sub-factors based on the reservoir data and
the parameters of the first drilling technique; and

generating a skin factor based on the skin sub-factors and specified weight
factors.
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29.  The method of claim 28, wherein one of the skin sub-factors comprises a

solids invasion sub-factor.

30. The method of claim 28, wherein one of the skin sub-factors comprises a

glazing sub-factor.

31. The method of claim 28, wherein one of the skin sub-factors comprises a

mashing sub-factor.

32. The method of claim 28, wherein one of the skin sub-factors comprises an

invasion phase trap sub-factor.

33.  The method of claim 28, wherein one of the skin sub-factors comprises an

imbibition phase trap sub-factor.

34. The method of claim 28, wherein one of the skin sub-factors comprises a

fines migration sub-factor.

35. The method of claim 28, wherein one of the skin sub-factors comprises a
clay sensitivity sub-factor.

36. The method of claim 28, wherein one of the skin sub-factors comprises a
wettability alteration sub-factor.

37. The method of claim 28, wherein one of the skin sub-factors comprises an

asphaltene precipitation sub-factor.

38. The method of claim 28, wherein one of the skin sub-factors comprises a
scale precipitation sub-factor.
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39. The method of claim 28, wherein one of the skin sub-factors comprises an

emulsion creation sub-factor.

40. The method of claim 28, wherein one of the skin sub-factors comprises a

clay sensitivity sub-factor.

41. The method of claim 28, wherein the method further comprises: providing
an interface allowing a user to enter a formulation for a proprietary skin sub-

factor.

42. A computer implemented method of analyzing the impact of drilling ofa
reservoir, comprising:

providing an interface allowing a user to enter reservoir data;

providing an interface allowing a user to enter parameters of a drilling
technique;

providing an interface allowing a user to select one or more riskable
variables related to the reservoir data and parameters of the drilling technique;

providing an interface allowing a user to enter a range for the one or more
selected riskable variables; and

generating a first skin factor by iteratively generating a range of skin
factors, varying one or more of the riskable variables in each iteration.

43. The method of claim 42, wherein the range of skin factors are generated

using a Monte Carlo method.

44. The method of claim 42, wherein the method further comprises:
determining the relative sensitivity of the skin factor to each of the riskable

variables.
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45. The method of claim 44, wherein the method further comprises: generating
a report showing the relative sensitivity of the skin factor to each of the riskable

variables.

46. A method of estimating viability of a reservoir based on a drilling
technique, comprising:
providing reservoir data of the reservoir;
providing like skin factor data from previously completed like [eservoirs;
providing parameters of the drilling technique; and
generating an economic analysis of completing the reservoir using the

selected drilling technique.

47. The method of claim 46, wherein the reservoir data comprises geological
data.

48. The method of claim 46, wherein the reservoir data comprises seismic

data.

49. The method of claim 46, wherein the drilling technique is an

underbalanced drilling technique.

50. The method of claim 46, wherein the drilling technique is a near balanced

drilling technique.

51. The method of claim 46, wherein the drilling technique is an overbalanced

drilling technique.

304726, HSS, LOW



¥ Intellectual
=) Property
Ofice 1 1 LD

Far Creativity and Innevation

22
Application No: GB0718484.9 Examiner: Mr Jim Calvert
Claims scarched: 1-3 Date of search: 19 October 2007

Patents Act 1977: Search Report under Section 17

Documents considered to be relevant:

Category [Relevant | Identity of document and passage or figure of particular rclevance
to claims
X 1-3 US2002/188431 Al
(DING ET AL) See paras 0052 and 0060
X -3 W01998/46857 Al
(SCHLUMBERGER) See p.10,1.17 - p.12,1.22
A 1-3 Material Balance Modelling of Hydrocarbon Reservoirs
<<htip:/www .eproductionsolutions.com/Solutions/EPS/MatBal.htm>>
- eProduction solutions June 2007
Categories:
X Document mdicating lack of novelty or inventive A Document indicating technological background and/or state
step of the art.
Y  Document indicating lack of mventive step if P Document pubhshed on or after the declared prionity date but
combined with onc or more other documents of before the filing date of this invention
same category
& Member of the same patent family E  Patent document published on or after, but with priority date
earher than, the filing date of this application.
Field of Search:

Search of GB. BP, WO & US patent documents classified in the following areas of the UKC™ :

.

Worldwide scarch of patent documents classified in the following arcas of the 1IPC

[E21B |

The following online and other databases have been used in the preparation of this scarch report

| INSPEC, XPESP. TDB, NPL. WPI, EPODOC

L

International Classification:

Subclass Subgroup Valid From
E21B 0041/00 01/01/2006
G06Q 0050/00 01/01/2006

UK Intellectual Property Office 1s an operating name of the Patent Office



	BIBLIOGRAPHY
	DRAWINGS
	DESCRIPTION
	CLAIMS
	SEARCH_REPORT

