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List of STIM-LAB Services

Drilling, Cementing and Perforating

Drilling Fluid Evaluations
Percent Solids
Rheological Properties
High Pressure Fluid Loss
Roller Oven Shale Stability
Evaluation of Leakoff and Cleanup of Cores
Evaluation of Loss Circulation Materials

Cement Testing
Thickening Time vs Additives
Ultrasonic Compressive Strength
Unconfined Compressive Strength
Rheology
Fluid Loss
Free Water
Microscopic Analysis

Casing Cleanup
The condition of wellbore tubulars is simulated by baking on drilling mud and
additives. Various wellbore cleanout chemicals are evaluated on a large scale
for their ability to clean the wellbore with and without mechanical agitation and
scrubbing.

Perforation Damage Assessment and Cleanup
Selected perforation charges are shot into blocks of rock or the desired lithology.
The flow capacity is measured in special equipment. Acid can be injected to
assess the degree of cleanup vs acid strength and volume. This test s good for
optimizing the perforation type for a particular formation or to optimize cleanup
fluids.

Hydraulic Fracturing

Dynamic Leakoff of Fracturing Fluids
Measures Spurt, Cw and equilibrium leakoff rate on actual or samples of similar
permeability vs fluid composition, pressure drop, temperature and shear rate.
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Regained Permeability
Regained permeability with water, oil and methane gas to assess the cleanup of
leaked off fracturing fluids and the impact of surfactants on relative permeability.
This test can be performed in conjunction with dynamic leakoff and is run on
cores from 1 to 4 in. length or in our multiport long core cell (up to 10 in.).

Leakoff and Regained Permeability of Naturally Fractured Systems
Leakoff and regained permeability are conducted on specially prepared natural
fractures on the reservoir rock. These tests are useful in selecting fluid systems
that minimize damage to the natural fracture production mechanisms that exist in
many reservoirs.

Clay Swelling and Migration Tests
Evaluation of salts, salt substitutes and polymer stabilizers in reservoir rock. The
results from these tests can be used to select the optimum type and
concentration vs formation.

Critical Velocity Evaluations
The permeability is monitored vs water, oil or gas rate to assess the rate at which
fines migration becomes a problem.

Conductivity of Proppants
Tests are conducted between 10 sq. in. core slabs in the patented STIM-LAB
system. Tests show the conductivity vs proppant type, size and concentration at
selected temperatures and closures between slabs of reservoir rock or selected
samples such as Ohio Sandstone. Tests can be conducted up to 400°F and
14,000 psi closure.

Fracturing Treatment Simulations between Reservoir Rock
Measure the leakoff of fracturing fluids between rock slabs and selected
temperatures and pressure drops. The slurry is loaded to the desired
concentration and the conductivity of the pack is measure vs time at selected
rates of water, oil, or gas. The test indicates the best fluid additive combinations
to control leakoff and maximize proppant pack conductivity at the existing
reservoir conditions.

Non-Darcy Flow Analysis
The permeability of the proppant pack is measured vs multiphase gas and liquid
flow rates to calculate non-Darcy flow values in terms of beta. The test can be
conducted during a conductivity test or a fracturing treatment simulation. The
test is important in selecting the optimum proppant type, size and concentration
based on reservoir conditions.

SEM Analysis of Embedment and Damage
The embedment of proppant into various formations and the damage of the rock-
fluid-proppant interface is assessed by post test SEM evaluations. Embedment
can also be performed on smaller core samples by performing a penetration

depth vs load and ball diameter.
Stim-Lab
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Proppant Flowback Evaluations
The flowback fo proppant is analyzed between selected formation rock vs
proppant type, concentration, size and resin-coating. Flowback is evaluated vs
gas and liquid rates at selected closures with and without flowback control aids in
patented STIM-LAB cells. The impact of closure cycling can also be measured.
The tests allow the selection of proppant type and concentration to minimize
flowback potential.

Unconfined Compressive Strength of Resin-Coated Proppants

The resin-coated proppant is set in 1 in. diameter by 2 in. long plugs. The
Unconfined Compressive Strength (UCS) is measured to assess strength at a
particular set of conditions. We recommend shear history conditioning the
proppant in the fluid to be pumped. The slurry is place in a STIM-LAB designed
cell and is set at the closure and temperature of the reservoir. The compressive
strength is then measured before and after cycling a desired number of times to
the final reservoir closure. These tests can be run in conjunction with the
flowback evaluations to determine the minimum UCS required to prevent
flowback with cycling.

Rheology of Fracturing Fluids
The rheology of fracturing fluids is measured in conventional rotational
viscometers (Fann 50) with or without shear history conditioning vs time at
temperature and vs fluid composition. Tests are also performed on a large scale
with full size pumps and coiled tubing for shear history simulation and the
rheology is measured in a pipe rheometer.

Proppant Transport

The slurry is mixed in a full scale blender and pumping system and is pumped
through heated coiled tubing to simulate shear history and heatup. The proppant
transport is observed in a series of see-through slots. The proppant is video-
taped as it travels through the slots vs time. Tests are conducted to observe
proppant transport vs gel and crosslinker vs temperature and breaker content.
These tests should be run with recommended breaker amounts for cleanup to
see if the fluid retains proppant transport character.

Break Tests
Conventional break tests in pressurized bottles in an oil bath can be run to look
at the break characteristics vs breaker concentration at a desired reservoir
temperature. Dynamic tests can be run in specially designed bottled in a roller
oven. The rheology is measured periodically on conventional and/or low shear
rheometers. Test is useful for assessing the impact of various waters and
additives such as resin-coated materials on break characteristics.

Rock Mechanical Properties
The Young's Modulus and Poisson’s Ratio are determined in specially designed
rock mechanics equipment on 1 to 1.5 in. diameter core plugs that are 2 to 3 in.
long. The laboratory measurements are used to calibrate dipole sonic logs.
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Completion Engineering

Fracture Design
Hydraulic Fracture Design work is carried out on a contract basis by our
experienced staff using the fully 3D model GOHFER, which is a joint
development of Marathon Oil Company and STIM-LAB. The program uniquely
uses leakoff, fluid rheology and mechanical properties data to accurately
describe the generated fracture and proppant placement. The designs can be
carried out in advance of the treatment and/or on location with prefrac analysis.

Post Frac Analyses
Post Frac fracture design to match the reservoir parameters can be conducted
on previously fracture treated wells. Pressure draw down and production
analysis can be conducted on a well or on a group of wells. Underperforming
fracture treatments can be spotted using analysis software from RPI.

Field and Regional Studies
Production Analysis
Data base completion parameters
Log Correlations
Fracture treating pressure analysis
Well potential analysis
Refinement of exploration and development strategies

Fracture Design Classes

In lab training courses
Core flow and acidizing
Rheology
Proppant testing
Quality control

Consortiums
The influence of Fracturing Fluids upon the Conductivity of Proppants Rheology
and Proppant Transport of Common Fracturing Fluids Acidizing:  Matrix
sandstone, carbonate, fracture acidizing and diversion
Screen Cleanup
Casing Cleanup

Other Large Scale Testing

Friction Reduction Testing
The friction reduction of water, oil, gelled water or oil and foams is measured in
pipe rheometers vs pipe size and rates scaled to field Reynold’s numbers.
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Large Scale Tool Evaluations

The impact of proppant type and concentration and rate vs time on crossover
tools and packers and perforations is assessed in a large-scale test using field
blenders and pumps.

Screen Evaluations

Acidizing

Wellbore screens used in vertical and horizontal wellbores are tested in a 6 ft or
up to a 40 ft model to look at sand retention, drill-in fluid plugging, wellbore
collapse and cleanup. Smaller scale tests are run on screen samplesina 1 to 2
in. diameter core holder. Collapse and burst pressure tests can be performed
on 6 ft screens.

Sandstone Matrix Acidizing

Matrix acidizing tests are conducted in a long core multiport cell to determine
permeability of the core vs length and time vs acid type and concentration with
and without mud damage. This is useful to match the acid strength to the
formation and damage that might exist.

Fracture Acidizing Tests

A Fracture Acidizing treatment simulation is carried out between slabs of core
from the carbonate or dolomite reservoir. The treatment is carried out with the
fluid sequence planned for a treatment. The dissolution rate of the rock is
measured vs time and the conductivity is measured vs closure following the
treatment.

Acid Reaction Rate

1.5 in. diameter wafers of carbonate or dolomite formations are placed in a
rotating disc apparatus to measure the dissolution rate. The test is useful to
determine formation factors required to accurately predict acid penetration,
dissolved rock and conductivity.

Acid Leakoff Rate

Acid and additives is flowed past a long core at selected pressure differentials to
measure the acid leakoff rate or wormholing rate. Core holders are available for
performing tests up to 3 ft long. Penetration is assessed with x-ray. A wellbore
model is available for running up to 3 cores simultaneously to assess acid
penetration rates vs pumping rate, acid strength, viscosity and temperature with
or without mud damage.

Acid Diversion

® Page 5

Diversion is evaluated in a series of long cores (usually 2 or 3 1 in. by 6 in. long
cores). Also the diversion test can be carried out in a radial core holder with 2 or
3, 4 to 6 in. diameter cores with a 0.375 in. wellbore. The test can be run with
foam.
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Static Acid Corrosion Tests

Coupon corrosion tests are run in autoclaves at the desired acid concentration
and temperature vs time.

Dynamic Acid Corrosion Tests
Acid or gelled acid is flowed through a loop past coupons mounted in a specially
designed cell at temperatures up to 350°F. The weight 5 measured vs time to
calculate the dynamic corrosion rate.

Acidizing Flowback Samples

Matrix acidizing flowback samples are analyzed for Si, Al, F, Ca, Na, Fe and
other elements as required. Plots of elements vs time can be created with rate
and time information.

Quality Control

Water Analysis
A water analysis is recommended on fluids before using in drilling, cementing or
fracturing fluids. The analysis may indicate potential compatibility problems

Quality Control of Proppant Samples
Sieve Analysis
Crush Resistance
Acid Solubility
Roundness and Spericity
Turbidity
Percent Resin by LOI

On-Site Quality Control
Proppants
Fracturing Fluids
Acids
Drilling Fluids

Fracturing Fluid Flowback Sample Analysis

The water and gel flowing back from a well is analyzed for salts, gel content,
breaker, pH and other desired additives. The results are plotted vs time and
flowrate to arrive at the percent gelling agent returned to the surface.

Analysis of Proppant Flowback Samples
Proppant and/or formation samples returning to the surface are analyzed for
distribution, mineralogy by x-ray, and percent resin by Loss on Ignition (LOI).
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Reservoir Analysis

Geological Services

These studies are conducted to better understand and determine formation
damage potential during completion and stimulation procedures as the potential
problems relate to mineralogy and textural characteristics. This is done by thin
section petrography, binocular microscopy, scanning electron microscopy (SEM)
and X-ray diffraction analysis (XRD). Facies analysis is also performed on clastic
and carbonate depositional systems to determine environments of deposition and
diagenetic signatures to further characterize the reservoir. The scope of these
studies include in-depth analysis on projects ranging from single wells to
extensive field and area studies on conventional cores, sidewall cores or drill
cuttings.

Wellsite Services
A trained and experienced technician recovers, reconstructs, stripes and depth

labels the core. The core is preserved in a CO, atmosphere and transported to
the laboratory for analysis. On-site core preservation is also available.
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Proppant Consortium

000

The STIM-LAB Proppant Consortium is developing new methods to
scientifically predict the cleanup of proppant packs within hydraulic
fractures. This data allows you to confidently select fluids,
proppants and production methods to optimize the production in
your next well. STIM-LAB invites you to become directly involved by
participating in the STIM-LAB Proppant Consortium.




Int

roduction

The Stim-Lab Proppant Consortium has been in existence since 1989, and is an ongoing industry
project to characterize all commercially available proppants used in oil and gas well fracture
stimulation. The consortium, composed of 40 members, has set the industry long-term proppant
testing standards and continues to study the following:

Long-term conductivity of 47 proppant types with up to &=

five sizes each vs. temperature and closure. )
Stim-Lab

proppant

Baseline conductivity of proppants vs. type, size, al
conductivity

concentration, embedment, closure and temperature

Sand test showing a
Resin-coated Sand four cell stack.
Ceramics Testing s

conducted at the
appropriate
temperature and
closure stress.

Resin coated Ceramics
Leakoff and conductivity of proppants with frac fluids

Proppant flowback vs. proppant type and fluid

Software for predicting conductivity, cleanup and productivity following hydraulic fracturing
PredictK — Baseline data for all tested proppants. The program is an Excel spreadsheet
that predicts the conductivity and

Fa

CONDUCTIVITY VS. CLOSURE STRESS pel’meabl“ty Of pI’OppantS VS. type, S|Ze,
100000 concentration, embedment, closure,
SlimeLab e, temperature and frac fluid damage. The
~ Predrier program is updated with new proppant
S 10000 and fluids data every year.
= 1 o —— - Cleanup — Program acts together
= w\K |\u\ with PredictK to show the cleanup of
§ tooo > fracturing fluids from the tip of the
= ”\{_ fracture to the wellbore based upon
Lo \ available flow rates of oil, water and gas.
o 2000 4000 5000 5000 o000 12000 | TOQEther with lab data indicating spec_lflc
leakoff data and percent cleanup with
—80—2.0lb/sqft 20/40Jordan150°F —+—2.0lb/sqft 20/40Brady250°F the SeIeCted frac ﬂUId and proppant
2.0lb/sqft 20/40Econoprop250°F —pA—2.0lb/sqft 20/40NAPLITE250°F Comblnatlon, the program a”OWS the
prediction of the effective frac length vs. frac fluid with breaker and proppant
combinations.
SLFrac — Program is a “five minute production simulator.” It shows the impact of
proppant type, fluid cleanup and multi-phase flow upon well productivity.
cts:

Full, up-to-date characterization of available proppant products provide accurate and easy to use
information for incorporating proppants needed in a fracture stimulation design

Meetings are held twice a year to discuss the previous six month’s studies, allowing members to
remain up to date and direct the ongoing research effort, as well as interact with a broad-based
industry membership

The last twelve month’s research data is available 24 hours a day, 7 days a week, to members
around the world through the STIM-LAB website, getting the data into the hands of the people
who need it the most

New members can purchase reports from previous years for an additional fee, allowing them to
quickly get up to speed with the current research efforts



Stim-Lab Proppant Consortium

The consortium for the investigation of the impact of fracturing fluids upon the conductivity of
proppants was begun in 1986. Since then the consortium has grown from 18 to 40 members. The
consortium has 4 areas of study including 1) the determination of the long-term conductivity of
proppants (baseline data), 2) the evaluation of impact of fracturing fluid leakoff and damage on
proppant conductivity, 3) determination of the impact of multiphase non-Darcy flow on effective
conductivity and 4) evaluation of proppant flowback. Previous work: In the baseline data, the
consortium has produced a database of 50 proppants vs. type, size, concentration, closure,
temperature and rock hardness. The baseline proppant data has been placed in a program called
PREDK. The program also has a series of equations to predict the conductivity with various frac
fluids. Frac Fluid Cleanup: Over 250 combinations of fluids, gel types, crosslinkers, and breakers at
various temperatures and permeabilities have been evaluated. The data has been placed in a
database called ‘fluids’ that shows the retained conductivity vs. fluid type, temperature, breaker and
core permeability. Another program called CLEANUP predicts the conductivity vs. frac length and
the effective frac length based on fluid and proppant selection and reservoir conditions. In the
multiphase non-Darcy flow work, the impact of gas and oil flow rates on the pressure drop down the
fracture and the effective conductivity has been evaluated on several proppants. The conductivity
with frac fluids and the non-Darcy flow data is used in a third program called SLFRAC to show the
impact of proppant and fluid selection upon well productivity. Finally, in the area of proppant
flowback, a program has been under development called FLOWBACK that predicts the flowback of
proppant vs. proppant type, size, concentration and closure. The program is useful for selecting a
size and type of proppant to avoid flowback at the prevailing well conditions.

Work continues in the baseline data to add new ceramics and resin-coated proppants to the PREDK
database. Correlations are being developed and installed in PREDK to calculate conductivity based
on variations in sieve size distribution of all proppant types. This will allow the user to determine the
impact of size variations on conductivity. The database is being extended to higher temperatures
and pressures on ceramics and resin-coated proppants (350 to 400 °F and up to 14,000 psi). In the
frac fluid cleanup area, a new parameter called the pressure required to initiate cleanup (PIC) is
being investigated vs. fluid type and breaker concentration. From the non-Darcy flow database, and
data on new products, a correlation is being developed to predict the nonDarcy flow factor beta
based on proppant permeability, porosity, gas, water and oil rates. The new data is being placed in
CLEANUP, which will provide an effective frac length to SLFRAC to show the impact of fluid and
proppant selection on well productivity. This allows the engineer to select the most profitable
proppant and fluid for existing well conditions. The proppant flowback evaluations have been
extended to include gas and water at high closures vs. proppant size. The mechanical properties of
proppant packs with and without resin coating are under investigation. The goal is to accurately
predict the point of failure of resin-coated proppant with cycling of closure based on initial
mechanical properties in the presence of frac fluids. The new information is integrated into the
programs PREDK, SLFRAC and CLEANUP and FLOWBACK twice each year. The new programs
can be downloaded from the Stim-Lab website using a members only company code.
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Acid Cnsortium

The Stim-Lab Acid Consortium investigates parameters associated with fracture acidizing,
matrix acidizing and foam diversion in vertical and horizontal wells. The data from the
Acid Consortium allows you to confidently select additives and treatment conditions to

optimize results. STIM-LAB invites you to become directly involved by participating in the

STIM-LAB Acid Consortium.

Introduction
The Stim-Lab Acid Consortium was established in 1993 to investigate matrix and fracture

acidizing in vertical and inclined wells. In addition, the Consortium investigates the use of foamed
acid, foamed slugs and particles to divert acids to stimulate low permeability zones in the
presence of high permeability zones. The results of these studies address the measurement of
parameters that affect the data used in the successful design of acidizing treatments, allowing our
members to confidently select additives and treatment conditions to optimize results.



Fracture Acidizing

lefuswlty
The surface concentration of hydrogen ion b = (‘_Q
is influenced by the diffusion of calcumand o .
CcoO, from the surface. 4l | N4 @
Diffusion has been measured vs. spent acid

ions, acid concentration and temperature in
specially designed diffusion cells.

Equations have been developed to predict o sis
the diffusion of all components in three fluid

100 (sqin.) Cell

types ’ ®
The findings will be incorporated into a e L
model to predict flux in linear lab tests as
well as actual fractures.

Determination of Reaction Rate
Development of procedures to obtain a
reasonable estimate of the reaction rate when 100 Square Inch Acid Fracture Study Setup
the extreme conditions of reaction rate or diffusion
rate control cannot be achieved.
Application of computer simulation to analyze parallel plate reaction data to then be used in real design
work.
A series of tests with dolomite core samples at varying temperature and acid flow rates to study the
mechanisms of cases where the acid reaction ranges from being limited by reaction rate to being limited by
diffusion rate.
Development of a systematic method of obtaining realistic reaction rate data for reservoir material by
developing a precise understanding of the penetration distance of live acid and the conditions where
wormholing predominates.

Leakoff
Tests will be conducted to predict the number of wormholes formed in a specific carbonate. A comparison
will be made between actual leakoff and prediction methods.

Conductivity
Development of a new correlation that will accurately predict conductivity based upon the etched area ratio
and the stress vs. strain properties of the formation vs. closure.
The actual conductivity in a 100 square inch linear cell will be compared to existing prediction methods.

Carbonate Matrix Acidizing
Examine optimum injection rates for wormhole evolution vs. lithology in linear and

radial core flow tests.

Determine the impact of oil saturation upon wormhole efficiency.

Evaluate methods of acid stimulation and cleaning up of drilling fluid damage in open
hole completions

Matrix Acidizing of Sandstone with Weak Acids
Current work is directed toward examining the impact of common acid combinations on field sample cores.

Foam Diversion
Measure the critical capillary pressure of higher surfactant concentrations and at higher temperatures to complete a

matrix of tests.

Evaluate dual core radial diversion using foam slugs in a dual core radial flow test apparatus.

Vary foam slug size with and without acid and with and without surfactant pretreatment in a radial core flow test
apparatus.

FaCtS
Meetings are held annually, allowing members to remain up to date and direct the ongoing research effort, as well as

interact with a broad-based industry membership.
The last twelve month’s research data is available 24 hours a day, 7 days a week, to members around the world

through the STIM -LAB website, getting the data into the hands of the people who need it the most.
New members can purchase reports from previous years for an additional fee, allowing them to quickly get up to

speed with the current research efforts.



STIM-LAB Acidizing Consortium

The acid consortium was established in 1992 and has 18 members. The group investigates
carbonate and fracture acidizing in vertical and inclined wellbores, as well as sandstone matrix
acidizing. Previous work: In fracture acidizing a method has been developed to measure diffusivity
of acids vs. lithology, acid strength and temperature. Mass transfer rates of carbonates and
dolomites have been measured vs. flow rate, acid viscosity and cell size. This has been put into a
series of correlations to predict mass transfer in carbonates with and without leakoff. Leakoff and
conductivity have been evaluated in a 100 sq in. cell to show methods to develop conductive
channels. The effectiveness of carbonate matrix acidizing has been measured in linear and radial
cells with and without drilling mud vs. acid strength, temperature and rate, with oil present and with
biologically generated acids. Sandstone acidizing effectiveness has been measured in large radial
cores vs. typical linear core flow tests to show the differences that can be expected. The
consortium has evaluated the effectiveness of various organic acids and HF strengths on problem
cores submitted by members to arrive at acid type and strength recommendations vs. formation
lithology. HF acid diversion has been investigated using particulates of various types and sizes in
dual hollow cores of various permeabilities and in multiple linear and radial core flow systems
using foam vs. core permeability, foam quality, slug size and surfactant concentration with and
without oil present.

During the current program, fracture acidizing studies are measuring leakoff using various
alternating gel and acid systems vs. permeability gel type and acid strength in multiple long cores.
Conductivity tests are underway in a specially designed biaxial rock mechanics system to look at
conductivity vs. closure for various etched volume ratios vs. rock mechanical properties (soft chalk
to hard dolomite). The observed results are being programmed into a finite element simulator to
predict conductivity downhole based on etched area volume and mechanical properties at
downhole conditions. The results will be placed into a program called SLFracAcid to predict the
resulting conductivity and well productivity. Carbonate matrix acidizing studies are being extended
to a specially designed large scale wellbore model. Work will look at acid wash treatments in
horizontal wells to evaluate the effectiveness of various rates, acid concentrations, and viscosity
with and without damage and with permeability variations. Diversion studies are concentrating on
the evaluation of diversion techniques in carbonates such as viscosified acids, foams, emulsions
and combinations thereof in multiple linear and radial cores. Tests will evaluate each technique
vs. permeability contrast, with and without damage present. Evaluation techniques include
pressure drop, CAT scan imaging of wormholes and SEM analysis of fines at the wormhole tip.
Matrix sandstone acidizing studies are being conducted in a newly devised radial flow simulator
that allows the determination of HF acidizing effectiveness at realistic velocities up to 2 ft from the
wellbore. The acid is pumped into a series of cores and flowed back as in an actual treatment.
Elemental analysis of the flowback samples and permeability vs. depth are measured vs. lithology,
acid strength, pumping schedule and shut-in time. The data from these tests will be compared to
field flowback sample results provided by members and can be used to calibrate newly developed
HF acidizing models.
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Rheology and Proppant Transport

STIM-LAB has designed and built specialized testing equipment that bridges the gap between laboratory
size and field size equipment. Field size mixing equipment consisting of 3000 feet of one inch coiled
tubing and a stainless steel heat exchanger unit utilizing 820 feet of one inch stainless steel pipe are
used to match a desired shear history prior to measuring rheology and proppant transport.
Measurement options include an API pipe rheology loop through four sizes of pipe and through various
high pressure and high temperature fracture slots are available to accurately measure rheological
properties of the hydraulic fracturing fluids and to evaluate proppant transport under dynamic static
conditions and with temperatures up to 300 degrees F.

STIM-LAB utilizes a number of rheometers in testing fluid rheology to measure the rheological properties
of hydraulic fracturing fluids under a wide range of shear rates. They are as follows:

Stim-Lab Low Shear rheometer
Fann Model 50 viscometer Ersaaime s
Brookfield Model PVS SRR SRR
Reciporcating Capillary viscometer

V-E Vilastic

Intensifier Pump

Batch Mixing Tank Crosslinker

Addition

Heated Coiled Tubing

Research is conducted by the STIM-LAB
consortium for “The Investigation of the Py somms
Rheology and Proppant Transport of Common " "
Fracturing Fluids”. A 3-D mathematical model,

which can predict proppant placing in fractures

is one of the ongoing studies being conducted
along with heat transfer characteristics of “™“™****"" mmm

hydraulic fracturing fluids.

4 Healed Pipe Rhecmetar

To Analysis

o e olion &
173" and 1/4" Slot Rheometer

i Video Acquisition

Screen Cleanup

Screen evaluations are performed using wellbore screens
used in vertical and horizontal wellbores. Tests are conducted
to evaluate various cleanup methods upon damaged screens
utilizing a 6 feet or up to a 40 feet model to look at sand
retention, drill in fluid plugging, wellbore collapse and cleanup.
A large-scale radial flow-cell is used to characterize screens
based on their removal efficiencies.

Screen Cleanup research at STIM-LAB is ongoing through a
& consortium for “Cleanup of Screens in Horizontal Wells”.
: : Consortium members participate in studies that examine
cleanup methods such as backflowmg acidizing, use of breaker, and enzyme are evaluated on plugged
screen under openhole conditions or in the presence of gravelpack.
Membership in each consortium is available on a yearly basis.

Mailing Address: Shipping Address:
‘\ P.O. Box 1644 7406 North Highway 81
StimdLab Production Enhancement Services Duncan, Oklahoma 73534 Duncan, Oklahoma 73533

A CORE LABGRATORIES CAMPANY

Phone: 580-252-4309 Fax: 580-252-6979 Email: stimlab@stimlab.com  Web: www.stimlab.com



Fracture Conductivity

Fracture conductivity testing is a specialty at
STIM-LAB. The long-term conductivity of a
proppant is determined between submitted core
samples in patented multi-cell stacks. Tests are
run with and without fluids present at a specified
temperature (up to 300 degrees F.), closure
pressure (up to 19,000 psi), and time.

Test series include:

Standard API conductivity between metal shims
Long-term conductivity between core

Gas flow turbulence factors

Fracture treatment simulations are run between
core with a specified fracturing fluid and proppant,
followed by cleanup with brine, oil or gas.

Individual proppant quality tests for APl RP56 and
60 include:

Sieve analysis

Krumbien shape factor

Acid solubility

Silt and fines particulate

Crush resistance

Specific Gravity and bulk density

Conductivity research at STIM-LAB is ongoing through a consortium for “The Investigation of the Effects
of Fracturing Fluids on the Conductivity of Proppants”. Consortium members participate in studies that
examine proppant conductivity in downhole conditions, proppant flowback and fracturing fluid leakoff.

Membership in the consortium is available on a yearly
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To learn more about STIM-LAB’s Fracture Conductivity Testing and other available testing services,
please contact us.

Stim-Lab Production Enhancement Services

A CORE LABGRATORIES CAMPANY

P.O.
Duncan, O

Phone: 580-252-4309  Fax: 580-252-6979

Mailing Address:

Shipping Address:
7406 North Highway 81
Duncan, Oklahoma 73533

Box 1644
klahoma 73534

Email: stimlab@stimlab.com  Web: www.stimlab.com
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STIM-LAB acidizing studies examine the performance of various acid systems under simulated field
conditions. Matrix or fracture acidizing tests are completed at reservoir pressure and temperature on
in-situ core samples. During a fracture acidizing simulation, analysis of samples is conducted with a
spectrometer to determine reaction rate. Post-frac flow through the etched fracture is conducted to

determine the conductivity produced under reservoir conditions. Additional studies are available to
determine the rheological properties of an acid at specific temperatures and pressures.

The STIM-LAB Acid Consortium is a research project
intended to develop test methods and data pertaining to
matrix and fracture acidizing. Matrix acidizing studies
include radial flow measurements tied to field skin factor
measurements and a wellbore model to study the diversion
of acid in inclined wellbores. Fracture acidizing studies
address the measurement of mass transfer, diffusion, heat
of reaction and rate of reaction with and without fluid
leakoff in limestone and dolomite cores. The rheology of
viscosified acids and conductivity following a acidizing
simulation are also being studied. Data modules will be
created for use in matrix and fracture acidizing software.
Membership in the Acid Consortium is available on a yearly
basis.

3" Thick Cores

Fracture acidizing model
Fluid Reservoirs

Pressure Probes
‘ ‘

_ Sandstone Cores — |

Radial matrix acidizing

, Mailing Address: Shipping Address:
“ P.O. Box 1644 7406 North Highway 81
B, Duncan, Oklahoma 73534 Duncan, Oklahoma 73533

Stim-Lab Production Enhancement Services

A CORE LABGRATORIES CAMPANY

Phone: 580-252-4309 Fax: 580-252-6979 Email: stimlab@stimlab.com  Web: www.stimlab.com



Core Flow Testing

STIM-Lab’s Core Flow Testing Group offers a broad range of services related to formation damage,
completions and stimulation. Whether it is testing to compare the damage created by different fracturing
fluids or effectiveness of different acidizing packages, the core testing group’s goal is to get you more
value out of your well service dollar. Unbiased comparisons of different service company products
allows the operator to better choose which product is right for his application and to avoid pitfalls that
could cost thousands in lost revenue by testing products before field application.

Examples of the services offered are:

Fluid compatibility and critical velocity flood testing

Fracturing and gravel packing fluid formation damage testing

Mud damage and removal evaluations

Matrix acidizing of sandstones and carbonate formations

Capability to flow brine, oils and methane gas

Capability to evaluate very low permeability down to 1 microdarcy

Custom designed equipment and test procedures to meet customer exact needs

In addition to our major services, the STIM-LAB Core Flow Department offers other services, such as,
capillary suction time tests for fluid compatibility, routine APl and dynamic fluid loss studies, water
analysis, oil analysis, paraffin and asphaltene content of oils, gel residue, and API proppant and gravel
pack sand quality control. Other departments provide support with x-ray diffraction analysis, SEM, fluid
rheology, CT scanning, and routine core analysis for air permeability and porosity.

STIM-LAB, Inc. prides itself in custom designing
tests and equipment to more closely simulate the
down-hole application to give more realistic
results. To this end a number of pieces of
specialized equipment have been build, such as,
the dyanmic leakoff core holder pictured that
provides full face exposure of the core to simulate
formation damage from gel during a fracturing
treatment or mud during drilling operations. Other
equipment includes a perforation tunnel model,
true radial flow cell, and multiple pressure tapped
core holders. An on-site machinist allows us to
rapidly develop equipment for special testing
needs.

For more information please call or email to the address below or visit our web site.
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Completion Engineering

STIM-LAB offers an extensive range of completion engineering services.

Single Well

e Fracture treatment design

Post-treatment analysis

Pre-frac testing, design and analysis

On-site assistance in design, quality control and real time treatment analysis
Production analysis

Field and Regional Studies
Optimization of well performance requires a careful analysis and understanding of previous completions.
STIM-LAB can perform the key components of such a study including:

 Production analysis Initial 6 Month Production
« Data base of completion parameters ) moroved

« Log correlations - b

o Fracture treating pressure analysis

@
3
B3

Results from these studies may be used to:

o Develop correlations to identify well potential by
log analysis :

« ldentify preferred completion procedures

« ldentify recompletion opportunities

« Refine exploration and development strategies for
a field

@
3
*

—®= Natural or Acid Breakdown (33)
—®-CO2 or Binary Foam (92)
~ Unknown Completion (95)
—°= Frac Type Unknown (123)
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GOHFER fully 3-D frac design software

(Grid Oriented Hydraulic Fracture Extension Replicator)

GOHFER is an easy to use, realistic 3-D fracturing design simulator, that is the ultimate tool for

designing treatments in complex reservoirs and horizontal wells.

e The only system able to properly predict proppant transport

e Not limited to horizontal 'layer cake' formations, but enables the engineer to model any reservoir
geometry and is able to handle horizontal and asymmetric well models including complex reservoir
geometry

« Models multiple perforated intervals with diversion between perforations for
limited entry design

« Allows for vertical and lateral variation of leakoff and rheology across the fracture

e Accurately models FRACPAC designs by using pressure distribution screen-out
criteria

« Accounts for hindered settling and convection

e Models fracturing acidizing
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Reservoir Analysis

STIM-LAB's Reservoir Analysis Group provides geological, petrophysical and engineering services for
the oil and gas industry. With expertise in clastic and carbonate depositional environments, diagenesis
and exploitation procedures, STIM-LAB can provide in-depth analysis on projects ranging from single
wells to extensive field and area studies.

Services offered include:

+ Sedimentology and Depositional Environment Studies
+ Thin Section Petrography

+ Scanning Electron Microscopy (SEM) with Energy
Dispersive Spectroscopy (EDS)

X-Ray Diffraction (XRD)

Binocular Microscopy

Stimulation and Completion Recommendations
Routine Core Analysis including Fluid Saturations
Wellsite Services (Core Catching)

* & & o o

Reservoir characterization provides important information
including:
+ Environment of deposition of the reservoir

+ Diagenetic history of the reservoir

+ Quality (production potential) of the reservoir rocks

+ Correlation of lithologic and log properties

+ Fluid sensitivity of the reservoir rocks to completion
chemicals

+ Formation damage potential during stimulation and
completion

; “ ¢ STIM-LAB’s professional staff is experienced and eager

to provide the answers to your questions to help

“. maximize production and minimize potential problems.

- And whether your samples include conventional core,
i _ sidewall cores, or drill cuttings, we are prepared to
o e e B4 perform the required analyses.
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