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Background:

The question of fluid recovery in a homogenous
porous media can be derived from the Darcy Flow Formula:

Radial Flow System / \
- Fluid not compressed 00T Gnd, flow is a
- Steady flow (stream mass was constant) Log funcﬁon

of distance

..............................
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Building the Model

The process begins by building an array of cells that
will be used to simulate fluid flow within a reservoir.

Note: Because the inter-action nearest the Perfs and Radials is the
most important, the # of cells in these areas is increased.
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Pressure Gradient

With a basic model built... pressure drops
and hence comparative flow volumes can be calculated
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Here we see the extended radial pressure Here is a "zoomed-in” view of the vertical pressure
gradient of a tunnel profile around a radial ( )
(af top-right in )
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Pressure Drop: Profile View

Here is the pressure gradient in a homogeneous
zone around a set of in a vertical well

Key Note:

Here is the dramatically improved pressure gradient
offered by
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Pressure Drop:

Head-to-Head Comparison

Perf’'d Well

is concentrated around Here, the near wellbore
the wellbore. That is, most of the is minimal... yielding far better
reservoir's energy is lost in this area. drainage from the extended areaq.
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The Prior Analyses are indicative, but...

Purely “theoretical” models are too simplistic...

Reservoirs are NOT homogenous, but instead have many different characteristfics
—which can vary widely. \

For example:
e Porosity
e X-Y-Z Permeability
» Relative Fluid Permeability
e Pressure
e Gas/Fluid Compressibility
» Rock Strength, etc.
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The Conundrum

Most operators do NOT have the resources to perform reservoir
simulations that can estimate the impact of radial drilling on their wells.

...and yet, to prioritize their candidate wells, it’s important fo know which
variables most help (or hinder) favorable outcomes.
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About the Study

e William Ampomah, PhD; and, 'iﬂ.[.ﬂw .
e Robert Balch, PhD
e SPE Distinguished Lecturer

e Dir. Pefroleum Recovery Research Council

» Has offered Petroleum Engineering degrees 1930°s
e Known for strong emphasis on research as well as applied
skills; recognized for excellence in research.
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Model Reservoir

e Logs from 4 adjacent wells were used

e Depth / Cross-sections were co-related

o And sensitivity of key variables were understood
with the help of Tornado Plots
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Reservoir Description:

o / Layers were identified
e The grid array was built; and,
e The model begins taking shape

Model Grid cells  131*129*/
Grid dimension 5080
Total # of cells 118293
Total # of wells 12(4)
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Key Parameters

Entered into the Model

Field Modeling — Model Initiation

Fleld Modellng Well Completions
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Field Modeling - Fluid Analysis
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®- Gas formation velume factor (Black oll model 1)
® Gas viscosity (Black oll model 1)
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A History Matching...

Was undertaken:
e That was compared to 30 yrs of dataq;
o Looked at key variables; and,
e Yielded confidence in the model

History Matching Process
Y'Y (Simulated — Observed)?
. : p RMS =
_ ' ) Low uncertainty variables N

* High uncertainty variables - Porosity

- Pore volume - Gross thickness

- permeability - Net thickness

- Kv/Kh ratio - Structure Vector RMS

- Relative permeability curves - Fluid properties Field Oil Prod. 0.002

- Well inflow parameters - Rock compressibility Field Water Prod. :
- Capillary pressure Field Gas Prod. 5

- Datum pressure
- Production rates Overall RMS 7
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Initial Geological Information

Distribution Profile of Certain Key Properties

(] Wb

-

Some areas better than others... so we should
expect well-to-well variability

www.mes-udae.com




A MES ¥ 3 Radial Drilling ‘

Middle East Supplies FZIC

Simulation Model

Case 1- Medium Quality Reservoir (MQR)

* Problem Description:

- The geological surfaces created for the base case modeling (model
field) was used to conduct sensitivity analysis on the performance of
multi-laterals on wide range of lateral lengths, permeability, pore
volume, several rock types and others.

- Multi-laterals were drilled into Well # 3 and Well #4
through layers 4 and 5.

- The rock properties were constructed stochastically
- Permeability (max = 30 mD, min = 10 mD, mean =20 mD, std =2 mD)
- Porosity (max = 0.25, min = 0.1, mean = 0.18, std = 0.100)

www.mes-udae.com
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The Results

o Comparison of baseline (vs)
4 |aterals in the wells

e Shows cum 20 Yr Oil production ;

e Used same reservoir model 7~
(identical porosity, perm, etc.)

 Model was History Matched

e Same starting BHP

« Dramatic increase in modeled _— e
Production (350+% increase)

e But remember, results can and will vary widely
(see following slides)

www.mes-udae.com
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MQR Simulation

A sensitivity analysis was then conducted to understand the impact
of certain variables on the results.

Variables reviewed:

Oil Water Contract OWC 1600 to 4000
Laterals L1-L4 50 to 160

BHP BHP 50 to 500

Pore Volume PV 10% 10 25%
Permeability XY XY 10 to 200md
Permeability Z / .2 to 200md
Rock Compressibility CR 2.5E -0510 5.5E -05

www.mes-udae.com




A MES

Middle East Supplies FZIC

Impact of Lateral Length on Results?

; o
c ' B
Here a total of 20 different scenarios were run, i
with |laterals ranging from 50-150 ft... :
§
i
:
e Yes, longer radials are better, but... S SIS it ~hin Lt

e Difference not as big as one might think
e More important to get past constrictive near g
wellbore area (think Log function)
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Radial Flow System
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What About the Impact of Other Variables? Rock Compressibility

4 g |
| —
g: » o

Key Points: T

e Some variable don’t *"move the needle”

e Meanwhile...

Permeability multiplier

the 3 P's make “all the difference”:

3 Pore Volume
v hGS a blg impGCT %E ; Bottomhole pressure
by
v even more-so; and, | t , Maor Impact
H : . on Production:
, : : =P
v (drive) is key el } 1 / g,
R — | 3
And, each one’s impact far exceeds ==-£ My i
e 3 - 3

that of the lateral length (prior slide) =

\
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Comparative Impact of Each Variable

MQR- Sensitivity Analysis

e The “frinity” are: Pressure, =

Porosity & Permeability (PPP) ’

« Basically, they / )
“make or break” the well

. has an impact... /

ut it is modest
* 50, select wells with good
values, as these ultimately...
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Conclusions

For Medium Quality Reservoirs (MQR)

e Radial Driling can have a dramatfic impact on cumulative oil production
over the life of a well

e Longer radials are helpful, but not nearly as important as certain other
factors

e Reservoir factors can swing results widely, with...

» Permeability, Porosity & Pressure being the key drivers.
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