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AGENDA

Monday, May 14" , 2011

CLASSIC CONTINENT AL BREAKF A ST i e et e e e i eees 7:45 a.m.
The DoubleTree Hotel at Warren Place
Tulsa Learning Theater

INTRODUCTION
SEETAN MISKA ... et e e e e e e e e e e 8:15 a.m. — 8:40 a.m.

PROGRESS REPORTS

Yahya Hashemian .........ooiiiiiiii e e e e e e e 8:40 a.m. - 9:15 a.m.
Experimental Study and Modelling of Barite Sag in Annular Flow

DUC NQUYEN .o e e e e 9:15 a.m.- 9:40 a.m.
Smear Effect in Casing Drilling-The Effect of Casing Dynamics

(€T ] S H o T 5= 1 =Y/ o 9:40 a.m.- 10:15 a.m.
Study of YPL Fluids Transition Flow Regime in Pipes
COffEl Break .....eoi et 10:15 a.m.- 10:35 a.m.
Feifel ZNang ......ooe i 10:35 a.m.- 11:05 a.m.
Investigation of Cuttings Transport in 30~60 Degree Inclined Wells

Al Karimivajargah...........ouviii i e e e e e 11:05 a.m.- 11:35 a.m.
Pressure Signature of Gas Influx

0] T 11:35 a.m.- 12:00 a.m.
Determination of Visco-Elastic Properties of Drilling Fluids

LUN CH . . e e e e e e e e e e e e e s 12:00 p.m. - 1:15 p.m.

Parkview Ballroom



INDUSTRY PRESENTATIONS

TESC O e e e e s 1:15 p.m. - 2:00 p.m.
Dietmar J. Neidhardt - Latest Developments in Casing Drilling

PROGRESS REPORTS

Babak AKDAr ... 2:00 p.m.- 2:25 p.m.
PDC Dirillbit Modeling and Experiments

L0 LT T PP 2:25 p.m.- 2:45 p.m.
Effect of Free Drillstring Rotation on Pressure Losses

A = T0) V7= 1T YAV = U T 2:45 p.m.-3:05 p.m.
Automatic Control of Drawworks

COffee Break ... 3:05 p.m.- 3:20 p.m.

Mojtaba Pordel Shahri ... 3:20 p.m. - 3:45 p.m.

Stress Path Analysis in Depleted Sands

Bahri KULIU ... e 3:45 p.m - 4:10 p.m.
Light Weight Drilling Fluids

HAO ZENG .. 4:05 p.m -4:20 p.m.
Study of Effectiveness of LCM Materials

PROGRESS REPORTS

LU HUBNG e e e e e 4:25 p.m. — 4:40 p.m.
Shale Stability at Simulated Wellbore Conditions
Yuanhang Chen/ Mengjiao YU ......c.uiuiiiiiiii i e e 4:40 p.m.- 4:50 p.m.
Update on Current Research Projects
Budget and Closing COMMENTS .......oviiiiiiiiiie e 4:50 p.m. — 5:00 p.m.
RECEPTION................. ciriennnn 200 p.m — 9:00 p.m.

The DoubleTree Hotel at Warren Place — Parkview Ballroom
6110 S. Yale Avenue
Tulsa, OK 74136
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AGENDA

Tuesday, May 15", 2012 NORTH CAMPUS

All Visitors Assemble in Drill Building Conference Room................c.covciiiiiiienennne. 9:00 a.m.

Nicholas Takach/ Evren Ozbayoglu... e e 9:05 @M. - 9:20 a.m.
Tour Schedule & Facility Improvements

FACILITY TOUR of NORTH CAMPUS.........coi i 9:20 a.m. —-11:00 a.m.

ROUND TABLE DISCUSSION.....ooiii i i e e e 11:00 a.m. —11:30 a.m.

LUN CH . e e e e e e 11:45 p.m.-1:00 p.m.

The University of Tulsa South Campus- Gallery

INDIVIDUAL MEETINGS (upon request)..........ccoeevveveeieiennnnneennn. ... 1:30 p.m. = 5:00 p.m.

ek Next Advisory Board Meeting- November 51 and 6, 201 2xxkrkrerci
Doubletree Warren Place Hotel- Tulsa
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Yahya Hashemian



Experimental Study and Modeling of Barite Sag in Annular Flow

INVESTIGATOR: Y ahya Hashemian, TUDRP

PROBLEM STATEMENT:

Barite Sag is the settling of barite particles (or other weighting materials) in the wellbore,
which results in undesirable fluctuations in drilling fluid density. A variety of major drilling
problems including lost circulation, well control difficulties, poor cement jobs and stuck pipe
can result from uncontrolled barite sag. Study of this phenomenon and how to mitigate its
effects is the purpose of thiswork.

OBJECTIVE:
e Mathematicd modeling and experimental study of barite sag in annular flow
considering effects of annular velocity, eccentricity, pipe rotation and inclination
angle on barite sag.

SCOPE OF WORK:

e Modeling: Velocity profile of laminar flow for a non-Newtonian fluid in eccentric
annulus with stationary inner pipe was obtained numerically. The calculated velocity
was assigned to solid particlesin axial. Falling velocity was assigned to each particle
from the experimental correlations available in the literature. Having two components
of velocity, the time needed for particles to settle at the bottom of the casing was
obtained and a corresponding new density was calcul ated after that time period.

e Experimental study: A large indoor flow loop was modified to conduct flow tests on
an oil base mud in annulus. Flow rate, inner pipe rotation, eccentricity and inclination
angle is varied to investigate their effects on change of the flowing fluid density.

RECENT PROGRESS:
e Mathematical modeling: barite sag prediction for areal wellbore situation
e New experimental data set regarding effects of pipe rotation and inclination angle.

DELIVERABLES
e Semi-annual advisory board meeting Progress Reports

e Experimental data set

e Modeling

e Fina Report
TIME TABLE:
Task 2009 2010 2011 2012

Fall Spring Summer Fall Spring Summer Fall Spring Summer

Literature Review X X X X X X
Modeling X X X X X X
Experiments X X X X X
Final Report
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Drilling- The Effect of Casing
Dynamics

Duc Nguyen



EXECUTIVE SUMMARY

Smear Effect in Casing Drilling — The Effect of Casing Dynamics

Investigator: Duc Nguyen, TUDRP

Introduction:

Casing Drilling is an emerging technology that helps with reducing drilling cost as well as issues
associated with conventional drilling such as lost circulation, well control and borehole stability problems.
Among various advantages, lost circulation reduction is one of the most beneficial phenomena of casing
drilling. However, this effect has not been fully explained nor thoroughly studied. The purpose of this project
isto investigate the effect of casing dynamics on the plastering mechanism of drilled solids into the borehole

wall, and the relationship of this phenomenon with the reduction of lost circulation problems.

Objectives:
¢ Provide more thorough understanding of the smear effect and its connection to lost circulation mitigation.
e Create adynamic model for casing drilling / narrow annulus drilling application.

e Develop amodel for particle mechanics of drilled solids in the wellbore, taking into account the effect of
casing dynamics.

e Verify modelswith field data.

Project Status:

Literature review 95 %

Casing Dynamics 95 %

Particle Mechanics 90 %
Computer Model 90 %

Modd Verification 40 %
Final report 70 %

Recent Progress:

e Transient response of casing dynamics using Wilson-Theta method (unstable results).

e Grinding experiment to investigate the effects of different parameters on PSD.

Future Work:

e Continue with transient solution of casing dynamics.

e Experimental investigation using the horizontal buckling facility.
e Verification of models with field data and experiments.
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Study of Yield Power Law Fluids Transitional Flow Regime in Pipes

Investigator: Goktug Kalayct TUDRP

Statement of Problem

Either for optimizing hydraulic design or minimizing potential problems, one of the most important engineering goals
in drilling is accurate estimation of bottom hole pressure by calculating hydraulic pressure and frictional pressure loss. Due to
less complexity, estimating bottom hole pressure in pipesis a more reasonable task with which to start. The transition between
laminar and turbulent flow regimes results in discontinuities in the friction factor that can lead to exceeding the fracture
gradient. Although it is mostly accepted that the critical Reynolds Number is above 2100 for onset of turbulent flow, this may
lead to major errors in estimating friction pressure drop, especially for non-Newtonian fluids with significant yield stresses.
Inaccurate pressure loss estimation might result in lost circulation problems or influx of formation fluidsinto the wellbore.
Objectives:

. Better understanding of behavior of YPL fluids in the transition regime between laminar and turbulent flow in pipes,
considering rotation and temperature effects.

. Based on experimental data develop friction factor equations for transitional flow of YPL fluid in pipes

. Developing a mathematical model for pressure drop prediction under transition flow conditions used in drilling
applications.

Scope of Work:

The project includes both theoretical and experimental work to understand the transition between laminar and
turbulent flow regimes for Yield Power Law fluids. This work can be done in two stages: the first will include flow in pipes
and the second will consider pipe rotation. In both stages, temperature effects will be considered.

Recent Progress:

. Experiments were conducted with Xanvis and Xanplex-D with/without rotation

e  Transition criteriaare compared theoretically

e  TheFina Report has been prepared

Deliverables:

. Rheological parameters for Yield Power Law fluids used in this study.

. Experimental results of pressure distributions and friction pressure losses for different Yield Power Law fluids at
different flow velocities and temperatures.

e A mathematical model to predict friction pressure losses during transition from laminar to turbulent flow.

. Friction factor correlations as a function of Reynolds Number for transitional flow.

. Onset point of transitional and turbulent flow of Yield Power Law fluids.

. Semi-annual Advisory Board Meeting (ABM) Progress Reports and the Final Report.
Project status (completed)

Literature Review 100 %
Facility Modification 100 %
Fluid Characterization 100 %
Experimentation 100 %
Modeling 100 %
Final Report 100 %
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Investigation of Cuttings Transport in 30~60 Degrees Inclined Wells

Investigator: Feifei Zhang, TUDRP

Problem Statement:

The cuttings motion in 30~60 degree inclined wells is complex and cuttings behavior changes dramatically in this
inclination angle range.

Unstable cuttings dunes or beds begin to appear in this range. The cuttings dunes or beds may slide downward upon
decreasing flow rate, which can lead to a series of drilling problems.

The cuttings flow pattern in this inclination angle range varies significantly. Prediction of cuttings behavior by using

mechanistic modelsis difficult.

Objectives:

Conduct a series of cuttings transport experiments to study cuttings behavior at a set of given parameters.

Develop models to predict flow patterns, changes of cuttings concentration and pressure drop with changes in given

drilling parameters.

Compare the experimental results and the simulation results to examine the reliability of the model.

Flow Pattern Prediction:

From the experimental data and the resulting flow pattern maps, correlations were developed to predict the liquid-solid
two-phase flow patterns at different operational parameters. The flow pattern prediction is based on three operational
parameters: well inclination angle, flow rate and ROP. A new parameter, "dispersed number," is defined in the model

to calculate the transitional angle between different flow patterns.

Modeling:

Different models are developed for each observed flow pattern: three-layer model for the constant-bed flow, segment
model for waved-bed flow, and packed-dune flow and dispersed model for dispersed-dune flow.

Three-layer model and segment model are developed from the conservation of mass and momentum. Dispersed model
is based on cuttings slip velocity in the fluid.

The models perform well in predicting cuttings concentrations at low fluid velocity and intermediate fluid velocity. In
highly inclined position, the three-layer model tends to under-predict the cuttings bed height at high flow rate.

The models perform well in predicting pressure gradients in the well.

These models are combined with the flow pattern prediction model to calculate the cuttings concentration and pressure

gradient in any position of the well.

Project Status:

Tasks "7l 2 aTe] s [ 2 4]
Literature Review X | x| x| x| x| x| x| x|x| x|x 100%
Facility Rebuilding x| x| x| x| x| x|x| x|x 100%
Modeling X | x| x| x| x|x|[x|x|x 100%
Experiment X | x| x| x| x| x|x 100%
DataAnalysis X | x| x x| x| x|x 95%
Final Report x | x 80%
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Pressure Signature of Gas Influx

Investigator: Ali Karimi Sponsor: TUDRP
Problem statement:

Managed Pressure Drilling (MPD) techniques rely on precisely controlling annular pressure profiles in the wellbore and
hence enabling us to drill in narrow mud window (between pore and fracture pressure). The need for more information from
the well is provided by wired drill pipe telemetry. Applying Wired Drill String Technology in MPD operations can offer new
ways toward modern well control and successful drilling of wells that would otherwise be un-drillable. Therefore, before
applying this new technology, simulation work is demanded in order to develop a method for early detection of gas kicks and
their location by using pressure data from wired drill pipe technology. Outcomes of this simulation work can result in
enhanced well control operations, safer drilling, lower drilling costs by reducing non-productive time and improved MPD
operations. Furthermore, the simulations provide a great design and decision-making tool.

Objectives

Developing a gas kick simulator for:

e Early detection of gas influx and its location in the wellbore by using Wired Drill String Technology during MPD and
conventional operations.

e Predicting the annular pressure profile when gas enters the wellbore, both during drilling operation and when drilling is
stopped (pumps are off ).

e Predicting parameters after shut-in, such as: BHP, SIDPP,SICP, etc.

e Predicting gas and liquid fractions along the wellbore and pit gain vs. time.

e Obtaining gas and liquid velocity distribution in the annular space, and gas migration velocity.

Current Work

e Applying a Drift-Flux model in the two-phase region to handle area change before and after shut-in.

e Modifying existing methods for early gas detection and determining gas influx location for area change.

Predicting annular pressure profile, pressure profile and its derivatives at desired locations, pit gain, velocity distributions
flow patterns, SIDPP and SICP.

Developing a matrix to follow the simulation work systematically.

Modeling the Net Zero Liquid Rate (NZLR) scenario during drilling operations.

Performing sensitivity analysis to investigate effects of important parameters.

Adding anew dlip model and several models for reservoir/wellbore interaction.

Deliverables

e Advanced gas influx simulator to observe pressure profiles, detect gas influx, and determine gas location, volume,
and movement in the wellbore (before and after shut in) using Wired Drill String Technology
e Matching models with field data (if available) obtained from Wired Drill String Technology

e  Semi-annual Advisory Board Meeting (ABM) reports and the Final Report

Project Status and Proposed Time Table

Work Time 2010 2011 2012 I Project

2013 Status

1-4 5-8 9-12 1-4 5-8 1 912 | 14 I5-8 9-12 | 15

Deliverables

Literature Review
Mathematical Modeling
Computer Simulations
Field Data Analysis
Final Report
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DETERMINATION OF VISCOELASTIC PROPERTIES OF DRILLING FLUIDS

INVESTIGATOR: BINH BUI
SPONSOR: Vietnamese Ministry of Education and Training

INTRODUCTION:

Viscoelasticity is the property of materials that exhibit both viscous and elastic characteristics
when undergoing deformation. The response of drilling fluid to deformation can be classified as viscous,
elastic or viscoelastic depending on the ratio of relaxation time to experimental time. The viscoelastic
behavior of drilling fluids is significant especially when a gel structure is formed. Under infinitessmal
deformation, the gel structure shows viscoelastic response to the deformation. Viscoelastic properties of
drilling fluids are very important in constitutive modeling and predicting many phenomena, including
transient pressure, fluid invasion into the formation and static barite sag. Viscoelastic tests are
indispensable to investigate low shear viscosity, gel strength, dynamic yield point, time and temperature
stability and gelling time of drilling fluids. This report presents the result of theoretical and experimental
work conducted to determine the viscoelastic properties of twenty different drilling fluids using dynamic
tests. These dynamic tests include creep-recovery, relaxation and oscillatory tests.

OBJECTIVES:
1. To enhance our understanding of the viscoelastic properties of drilling fluids and the applications of
viscoelastic datain drilling fluid operations.
2. Todesign standard rheological tests and experimental procedures to obtain the viscoelastic properties
of drilling fluids.
3. To evaluate experimentally the linear viscoelastic range and obtain the properties of different drilling
fluids using dynamic tests at different test conditionsin the linear viscoel astic range.
4. To obtain and validate some rheological correlations for drilling fluids.
5.To predict the viscoelastic properties of drilling fluids in a wide range of frequencies and
temperatures.
DELIVERABLES:

1. Semi-annual Advisory Board Meeting progress reports.

2. Experimental data.

3. Correlations between sel ected rheological parameters of drilling fluids.
4. Final Report.

PROJECT STATUS:

2010 2011 2012

Status

Tasks

Literature review

Experimental works

Data analysis and
analytical works

Final report
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PDC Drill Bit Modeling and Experiments

Investigator: Babak Akbari
Sposnosr: TUDRP

Objectives:
e Modifying the current single cutter experimental facility to conduct pore pressure controlled experiments.
e Conducting cutting tests, controlling the differential pressure.
e Performing cutting tests, changing the PDC cutter size.
e Developing mechanistic PDC cutter models.
e PDC cutter rock cutting simulations using Distinct Element Method (DEM).
Current Work
e Modified the facility to be able to control the pore pressure during the experiments.
e Conducted several trial tests to identify potential issues and to rectify them.

e Modified acurrently available rock cutting friction model and tested it with available TUDRP previous experimental
database.

Future Work
e  Continue modifying the set up and start the tests controlling the differential pressure.
e  Continue working on the currently modified friction model and also test it with more experimental data.
e Develop DEM model and start running simulations in 3D and compare the results with the mechanistic models and
also the experiments.
Deliverables
e New rock cutting experimental data for differential pressure and cutter size and also correlations.
e Mechanistic rock cutting model with more accurate and effective cutting response prediction.
e 3D DEM single PDC cutter rock cutting simulator.

Project Status

Time | 2011 2012 2012 2013 2013 2014

Task 7-12 1-6 7-12 1-6 7-12 1-6

Literature
Review

Pore  pressure | Set-up Prepardiion/ Experimental Numerical
experimental set- | preparation trial tests matrix investigation
up

DEM model

Cutter size
experiments

Experiments Anaysis

Analysis/
Conclusions

Final Report




Effect of Free Drillstring
Rotation on Pressure Losses

Oney Erge



Effect of Free Drillstring Rotation on Frictional Pressure Losses

INVESTIGATOR: Oney Erge

STATEMENT OF THE PROBLEM:

Accurate estimation of frictional pressure loss in the wellbore is necessary to control the well, optimize bit
hydraulics, prepare a proper drilling fluid program and select the appropriate pump. Both field and experimental
measurements show that pressure loss in the annulus is strongly affected by pipe rotation. Models based on concentric
annuli or stable flow conditions are no longer satisfactorily accurate for actual drilling operations. In the wellbore, the
drillstring rotates freely and, as this happens, eccentricity changes. There is a substantial need for a reliable model that
accurately estimates the effect of free drillstring rotation on frictional pressure losses.

OBJECTIVES:

To develop a comprehensive mathematical model for the annular flow of Yield Power Law fluids, including the effect of
free drillstring rotation.

To develop a better understanding of the transition from laminar to turbulent flow in annular geometries.

To conduct experiments using Yield Power Law fluids in an annular geometry, including a freely-rotating drillstring.

SCOPE OF WORK:

The effects of a freely rotating drillstring will be investigated both theoretically and experimentally. The focus of this
project is on a horizontal well configuration with the drillstring in compression. The test setup will provide free drillstring
rotation with no preset configuration on eccentricity.

A model for a cross section with a unit length of drillstring will be developed and extended throughout the drillstring to
account for the total annular frictional pressure loss in a wellbore. The developed model for the cross section of the
drillstring will include the effect of rotation and eccentricity. Then, the model will be extended throughout the wellbore
while considering drillstring motion patterns.

The Dynamic Experimental Facility (DEF) has been extensively modified for this research and the modified facility has
been renamed the Dynamic Outdoor Testing Facility (DOTF). Experiments will be conducted with the new facility on
water and Yield Power Law fluids at varying compression rates, rotation speeds and flow rates. Pressure, torque,
temperature, load, fluid density and drillstring displacement will be measured and analyzed.

DELIVERABLES:

A mathematical model that accounts for free drillstring rotation effects on annular frictional pressure losses
Experimental database for annular flow of Yield Power Law fluids, including the effect of pipe rotation
Semi-annual Advisory Board Meeting Progress Reports

Final Report

TIMELINE:

2011 2012 2013
g9 (1011|121 (23 |4]|5|6|7|8|5|10)11|12]1]|2]|3]|4]5

Literature review
Test cond. & Facility mod.
Exp. data acquisition
Test data analysis
Analytical work
Final Report
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EXECUTIVE SUMMARY

Automatic Control of Drawworks

Investigator: Zhaoyang Wang, TUDRP

Problem Statement:

Automation in the drilling industry has been at a relatively low level compared to other industries, however, research
and development on automation solutions within the drilling community has increased significantly during the last decade.
Tripping procedure is one of the main parts of a drilling process. With increasingly complex wellbore geometries and narrow
geo-pressure windows, it is not easy for the driver to estimate accurately the real maneuvering limits of the drawworks during
tripping, especially under poor downhole conditions. Thus, an optimization tripping model is needed to obtain the minimum
tripping time while maintaining the wellbore pressure, strength of drillpipe and drawworksin good condition.

Theoretical Work:

Dynamic pressure surge model (Lubinski and R. Mitchell) and dynamic loading of drillpipe model (Lubinski) have
been reviewed. Lubinski’s dynamic loading on drillpipe model has been rebuilt and this phenomenon has been simulated.
Dynamic forces under different velocity profiles and drillstring components have been studied. Meaningful results have been
obtained.

Recent Progress:

A mathematical optimization model is built. Through this model, a minimum tripping time can be obtained while
maintaining the wellbore pressure within the pressure window and the drillpipe in good condition. This model can guide the
driller to choose tripping velocity in real time. Different cases based on the rebuilt model of Lubinski have been tested. The
optimized tripping profile can be obtained by considering only the dynamic load on drillpipe.

Future Work:

More cases of dynamic pressure calculations need to be simulated so that dynamic pressures under different tripping
velocity profiles can be analyzed. Also, the dynamic loading on drillpipe model can be further improved by considering fluid
interactions. Friction effects can be calculated using a hydraulic model. In addition, Lubinski’s dynamic pressure calculation
model can be improved by combining it with drillpipe dynamics. In this way, the drillpipe will no longer be rigid and elastic
drillpipe will be added to the model. After obtain dynamic loading on drillpipe and dynamic pressure downhole, an

optimization program will be written to help the driller control tripping velocity through drawworks.

Project Status:

. . Fall Spring Summer Fall Spring
Activity/Time 2011 | 2012 2012 2012 | 2013 Status
Literature Review X X 50%
Modeling X 30%
Analysis of the 0
results X 20%
Final Report 0%
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EXECUTIVE SUMMARY

Stress Path Analysis in Depleted Sands

Investigator: Mojtaba Pordel Shahri, TUDRP

Problem Statement:

Without detailed knowledge of reservoir stress path, i.e., change in fracture gradient with pore pressure variation,

geomechanical modeling of depleted reservoirsis less quantitative and problems such as wellbore stability and sand production

become more severe in existing and new wells. The ability to design wells with the lowest non-productive time (NPT) relies on

greater accuracy in predicting stress changes likely to occur in reservoirs that have undergone partial depletion.

Objectives:

To develop an understanding of theory of poroelasticity and reservoir stress path in partially depleted sands

To develop a new model for predicting reservoir stress path during production/injection in partially depleted reservoirs
To develop a computer simulator to predict the reservoir stress path

To verify the model with field data (Iaboratory data will be used to determine the geomechanical deformation model’s
parameters)

Current Work:

The currently used compaction model for predicting reservoir stress path is investigated using literature data for 73
leak-off tests. A more general approach is developed with a better physical explanation compared to the existing
compaction model.

A geomechanical deformation model, the Beltrami-Michell Equation, is formulated from the of Theory of
Poroelasticity and force equilibrium equations.

An analytical solution is described to predict the reservoir stress path for different rock types and the results are
compared with available field data.

The effects of different rock types are investigated and emphasize the importance of different parameters on the
reservoir stress path.

Deliverables:

A new mathematical model for predicting reservoir stress path

Computer simulator for predicting reservoir stress path

Matching the new model with field data

Semi-annual Advisory Board Meeting (ABM) reports and the Final Report
PhD dissertation

Current Project Status:

Work

Time 2011 | 2012 2013 2014

Fall | Spring 1| Summer | Fall | Spring | Summer | Fall | Spring | Summer

Literature Review

Mathematical Modeling

Computer Simulation

Experimental & Field Data Analysis

Final Report
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EXECUTIVE SUMMARY

Incompressible Lightweight Drilling Fluids

Investigator: Bahri Kutlu, TUDRP

Introduction:
Continuous development of new technologies and application of these technologies to the oil industry make it possible to discover and
exploit new oil and gas deposits unknown before. At the same time, high oil and gas prices are making it economically feasible to
redevelop old fields which have entered a partialy depleted stage resulting from extended periods of production. More and more
horizontal wells are being drilled and completed with open holes in low pressure deposits. From this need for redevelopment of old
fields and penetrating low pressure zones, the necessity of lightweight drilling fluids emerges. The goal of this project is to develop
drilling fluids having densities less than that of the base fluids without using air or other compressible gases. The primary objective is
to develop drilling fluids to reduce wellbore pressure by means of lightweight solid additives.
Objectives:
e Evaluating incompressible drilling fluids having densities less than that of the base fluids by including lightweight hollow
spheres.
e Conducting a study on rheological properties and flow characteristics of lightweight drilling fluids generated by using
lightweight hollow spheres.
Scope of Work
Experiments are categorized in two groups. Rheology tests and fluid characterization tests. Rheology tests are being conducted with
the Fann75 HPHT viscometer. Tests will be run at a range of different temperatures and pressures up to 18000 psi to determine the
rheological behavior of drilling fluids containing lightweight solid additives. Fluid characterization tests will be conducted on the flow

loop system called the Dynamic Testing Facility.

Preliminary Conclusions:
e Drilling fluids mixed with glass spheres at volumetric concentrations higher than 15% exhibit non-Newtonian behavior.
e A glass sphere concentration of 30% by volume is a threshold for drilling fluids. Above that value, excessive shear stress
values are measured in experiments.
e When subjected to high pressure, about 90% of the hollow glass spheres are able to survive.
Deliverables:
e Experimental data on drilling fluids mixed with glass spheres. from the HTHP viscometer for rheological characterization;
from the DTF to determine frictional pressure losses.

e  Semi-annual Advisory Board Meeting (ABM) progress reports and the Final Report.

Time Table:
2011 2012 2013
89| 10-11 (12|12 |34 (56| 78] 910 [ 11-12 | 1-2 | 34| 56| 78
Literature Review L L [
Facility design u u u u u u
Exp. data acquisition u u u u u u u u
Test Dataanalysis u u u u u u u u
Analytical work u u u u u u u u
Final report u u u
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I nvestigator: Hao Zeng, TUDRP

Introduction: Lost circulation is one of the most common well control problems encountered in
drilling, cementing and completion operations. It will not only waste time and drilling fluid. It can aso
damage formations, lead to hole collapse, stuck drill pipes and can even cause blowouts and well
abandonment. Large amounts of time and money are spent to control lost circulation. The use of lost
circulation materials (LCM) is the most common method to treat lost circulation. However, the use of
LCM is poorly understood and has achieved no significant breakthroughs in the past 40 years. As a
result, maximizing the effectiveness of LCM is crucia to minimizing the expense associated with lost
circulation.
Objectives:
¢ Provide more thorough understanding of existing PSD selection theories and rheological issues
that occur in fractured wellbores.
e Observe LCM behavior in both uniform and nonuniform sized fractures under different flow
rates.

e Determine the effectiveness of different LCM materials.
e Develop an optimized LCM selection model.
Current Work:
e Reviewing existing fracture size and pressure models, hydraulic ECD models and LCM
selection models
e Modifying Parallel Plates Flow Facility of TUDRP

e Designing and running preliminary tests with Parallel Plates Flow Facility
e Analyzing the experimental data; examining existing methods and theories based on the data.

Deliverables;

e Advanced LCM effectiveness testing facility.

e Experimental observation and analytical analysis of LCM bridging behavior.
e Optimized LCM selection model.

e Semi-Annual Advisory Board Meeting (ABM) reports and the final report.

Project Status

2011 2012 2013
Fall Spring Summer Fall Spring
Literature Review X X
Experimental Technique X X
Development
Experiments X
Data Analysis X
Modeling
Final Report
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