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ABSTRACT

Sustaining and Rapid Response Engineering in tiserReir Sampling and Pressure
Group of the Commercial Products and Support Orgdioin at
Schlumberger Sugar Land Technology Center. (Deceg2i#h)

Bradley Gray Kerr, B.S., University of Arkansas;
M.S. Texas A&M University

Chair of Advisory Committee: Dr. Donald R. Smith

This record of study investigates twelve monthsrajineering industry
experience, a required internship of the DoctdEmdineering degree program at Texas
A&M University. The internship company was Schlwniper Limited. The record of
study begins with a brief introduction to the comypaThree projects undertaken by the
intern during the internship are discussed. Tlogepts show how a wide variety of
knowledge, both technical and practical, is requiesolve engineering problems.
Issues facing newly graduated engineers in indastyiscussed. Issues facing newly
graduated engineers exposed to industry for teetfine are quite different than a
traditional engineering curriculum has preparedrtiie encounter. Industry today is
demanding a well-educated engineer capable ofitactéchnical problems in several
areas as well as engineers with the ability tolpasmmunicate and interact with others
and develop leadership potential. Academia, ingiuand society all have a highly
influential role in developing engineers. The emgr must consider the interaction of

technology and society when searching for a saiuticoptimize the benefit to all. The



study further investigates academic challengeseadisas the declining number of
engineers, international competition, industry oesbility, and observations made
during the internship period. Research has shbanin the next few year as the Baby
Boomer generation of approximately 77 million peopégin to retire, the next
generation of approximately 44 million will havdfaiulty keeping up with technical

and scientific demands. Industry demand for s@eard engineering graduates is
beginning to overwhelm academia’s ability to respand produce. Few U.S.
undergraduates are continuing education in gradichieols. This leaves a large student
population base to be filled by international stutde U.S. citizens accounted for only
35-percent of the total number of doctoral degesgpients in science and engineering
during the 2005 academic year. Observations madegithe internship period will be
used to make recommendations to both industry eadeania to help align industry
demands and academic abilities in order to proénggneering graduates that are ready

to accept the vastly different challenges encoedt@r industry.
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INTRODUCTION

The Doctor of Engineering program at Texas A&M sity prepares men and
women to work at the highest levels of the engimggprofession. The program
emphasizes solving practical engineering probleanm§ the world today and prepares
its graduates to balance the interaction betwegmtdogy, society, and industry. After
completion of an extensive technical and profesdidevelopment degree plan, the
engineering intern enters industry and complet®gedve-month internship whereby
learned knowledge is practiced. This record oflgls one of the requirements of the
program used to document experiences acquiredgltirinternship period. An
overview of the internship parent company, SchiuméeLimited, is discussed.

Three projects completed during the internshipdeéseussed. The projects were
chosen for discussion based upon the driving fogqairing the project, the level of
engineering involved, and the variety of technamadl professional challenges faced in
developing a solution. Technological advancesusiress require direction by persons
with both high technical competence and an undedstg of the social, political, and
institutional interactions. After spending twelvenths in industry, shortcomings in
education and industry support for education becapparent. These shortcomings,
backed by several discussions found throughoubticstl references, are discussed and

supported with research and statistics based wgmmntly graduated engineers.

This record of study follows the style of the ASM&urnal of Engineering for Gas Turbines and Power.



Finally, challenges experienced by the intern dythre internship are discussed.
Few problems or obstacles encountered during teeniship were of a technical nature.
The toughest challenges for the intern stemmed frdenaction with an environment
vastly different from previous experience in aca@denThe value of knowledge and
study outside a technical discipline was made &cuctear. The intern learned to
appreciate the knowledge gained through practiga¢eence. The gained knowledge is
viewed as a compliment to an excellent educatidheaacademic level. In addition,
much is still to be learned to perform in indusitryh the highest level of

professionalism.



INTERNSHIP COMPANY

Schlumberger History

The origins of electrical well logging date backl®ll. Conrad and Marcel
Schlumberger then started what has today grown 8chlumberger Limited.
The first drilled-hole electric log ever recordedswun on September 5, 1927. That
event set Schlumberger on a new course and gayetiieum industry a powerful
new exploration tool. Schlumberger Well Survegydorporation was founded in
Houston, Texas in 1934. Schlumberger Limited hasvg into the leading oilfield
services company supplying technology, project rgangent, and information solutions
that optimize performance for customers workinghia international oil and gas
industry. Schlumberger Oilfield Services suppheside range of products and services
from formation evaluation through directional dnti, well cementing and stimulation,
well completions and productivity to consultingfts@re, information management and
IT infrastructure services that support core indusperational processes.

Schlumberger Oilfield Services, a division of Sehherger Limited, is made up
of three major groups each containing three segmeRéservoir Characterization
contains segments concentrating on Drilling and $deaments, Testing, and Wireline
Formation Evaluation. Production is divided int@MServices, Completions, and
Artificial Lift. The Reservoir Management groupcempasses Integrated Project
Management, Data and Consulting Services, and &ddrger Information Systems.
These services are provided throughout the worldsadive Areas, North America,

Latin America, Europe and Africa, Middle East ansiaA and Russia. The global



management of Schlumberger Limited is unique. TWeedreas are further broken into
28 GeoMarkets made up of the various countriesanoed in the respective
GeoMarkets. Greater detail about Schlumbergeitandany programs and
commitments can be found on the public Schlumbensgdsite www.slb.com [1]. In

the following section, the internship site, Schlwerger Sugar Land Technology Center,

containing Sustaining and Rapid response, is dsgclis



INTERNSHIP SITE
About SPC

The following discussion will focus on the internskite, Schlumberger Sugar
Land Technology Center (SPC), and the sub-orgaaizabntaining the internship, the
Commercial Products and Support department (CPBg. mission of CPS is to provide
thefield organization a dedicated project team fer development of customized
products, solutions, and improve existing commémmaducts by positively impacting
their quality, improving their reliability, reduatheir cost, and managing their
obsolescence. The departments within CPS includ&athing and Rapid Response,
InTouch, and Quality. Sustaining provides engimggsupport to improve product
quality and reliability, reduce manufacturing costsd developing solutions to problems
encountered both by the field organization and rfenturing. Rapid Response is a
provision to the field organization, a dedicatedjgct team for the development of
customized solutions. Rapid Response projectareisk customization and
enhancement of existing products in limited proaturcfor a specific market.

The internship assignment was as a shared praojgoteer between Sustaining
and Rapid Response in the Reservoir Charactenz&ggment. The structure of
reporting is shown in Fig. 1. The interrupted lim@s$he structure of Fig. 1 indicated
secondary reporting functions. A figure showing thanagement structure of SPC may
be found in Appendix B. The internship assignmeciuded overseeing the daily
operation of one mechanical designer and one mesdidachnician.In the next

section, the tools experienced during the intemahe discussed. The tools listed are



those tools that are the responsibility of the Rese Sustaining and Rapid Response

groups. All work during the internship was in sappof the MDT Tools.

Reservoir
Sustaining Project Manager

Rapid Response
Project Manager

''''''''' Project Engineer

Project Designer Project Technician

Fig. 1 Internship Department Organization

MDT Tools Overview

In most businesses, information improves cost @ffeproductivity. In the oil
exploration and recovery business, the more thatasv about reservoir conditions, the
more likely production efforts can be optimized.v&luable tool used in meeting this
goal is the Modular Formation Dynamics Tester (MDThe MDT is a field proven
tool that has been designed, analyzed, improvetiredesigned by Schlumberger
engineers to provide accurate and valuable regenformation. The MDT tool
provides fast and accurate pressure measurementsegbility and permeability
anisotropy, fluid sampling and downhole fluid arsagy and micro-hydraulic fracturing.
The MDT tool features a modular design that alléevscustomization on the job site to
meet specific requirements. The following is nabanprehensive list of all services and

options available. The list is only mean to gike teader a general appreciation for the



complexity and capability of the tools experiendeding the internship. The following
list contains tool descriptions that are largelpied from MDT Modular Formation
Dynamics Tester [2].

1. Power Cartridge Module
The modular reservoir power cartridge (MRPC) moawleverts AC power from
the surface to DC power for all the other modutethe tool.

2. Hydraulic Power Module

The modular reservoir hydraulic power (MRHY) modaot@atains an electric
motor and hydraulic pump to provide hydraulic poversetting and retracting
the single and dual probe modules.

3. Single Probe Module

The modular reservoir single probe (MRPS) modulgaos the probe
assembly, with packer and telescoping backup psiaressure gauges, fluid
resistivity and temperature sensors, and a pref@shber. The MRPS module
also contains a strain gauge and an accurate ragghudtion, quick response
CQG gauge.

4. Dual Probe Module

The modular reservoir dual-probe (MRPD) module aor#t two probes mounted
diametrically opposite each other. When combinél the MRPS module, it
forms a multi-probe system capable of determiniogzontal and vertical
permeability. Running multiple probe modules eralyhonitoring pressure
communication between adjacent formations duringngarface test in vertical
or horizontal wells.

5. Sample Chamber Module

The modular reservoir sample chamber (MRSC) modudailable in three

sizes: 1, 2.75, and 6 gallons. These moduleas®é to capture large samples or
to capture reservoir fluid for later disposal foveonmental purposes.

6. Multisample Module

The modular reservoir multisample (MRMS) module@at the collection of
high-quality PVT samples. Up to six formation @ilsamples can be collected
with a single MRMS module. The MRMS module can wge types of sample
chambers that easily detach from the tool for fiert® a PVT laboratory. A
similar bottle, the single-phase multisample chani8®MC), is positively over-
pressurized by a nitrogen charge to ensure thaaimple remains in single
phase all the way to the surface.



7. Single-Phase Sample Module

The modular reservoir single-phase sampler (MRS&)uie is used to collect
single-phase samples and bring them to surfaa® ahove, reservoir pressure.
The MRSS consists of three separate modules; aoctombdule, a module
containing sample bottles, and a nitrogen chamlzetute, which is the basis of
the MRSS pressure maintenance system.

8. Pumpout Module

The modular reservoir pumpout (MRPO) module is usqalmp unwanted fluid
from the formation to the borehole so represergagamples can be taken. It is
also used to pump fluid from the borehole intofttrenation for minifracturing
or into the flowline for inflating the dual-packerodule.

9. LFA Module

The live fluid analyzer (LFA) module utilizes visghand near-infrared light to
guantify the amount of reservoir and drilling flaich the flowline. Light is
transmitted through the fluid and measured by thA Epectrometer. The
amount of light absorbed by the fluid depends @ndbmposition of the fluid.

10. CFA Module

The composition fluid analyzer (CFA) module utikzeear-infrared optical

absorption spectrometer to determine the concémtrat methane, ethane-
propane-butane-pentane, heavier hydrocarbon mekeowhter, and carbon
dioxide.

11. Dual-Packer Assembly Module

The modular reservoir packer assembly (MRPA) modsks dual inflatable
packers set against the borehole wall to isol&d¢@11 foot interval of the
formation. This module provides access to the &tiom over a wall area that is
much larger than a typical formation tester prolbhis larger area allows fluids
to be withdrawn at a higher rate without dropping pressure below the
saturation pressure.

12. Controlled Flow Module

The modular reservoir controlled-flow (MRCF) modidea chamber where the
flow rate is accurately measured and controlléds lised to create a pressure
disturbance that is large enough to produce a maldleupressure response at
monitor probes. The MRCF can also be used foopaifig large-volume
pretests and sampling operations that require arrarly low flow rate or
drawdown.



An additional module recently developed is the ®siiger Probe Module.

The modular reservoir quicksilver probe (MRPQ) mediontains a single probe
assembly with concentric packer elements that ¢@éneough two independent
flowlines. With this module, two pumpout moduleslawo fluid analysis modules are
utilized to retrieve samples with little or no bbote fluid contamination. This is
achieved by developing concentric conical flow gatithe outer cone is a guard flow
that discards a mixture of reservoir and borehloliel$ while the inner cone provides
pure reservoir fluid.

The tools briefly described above were the subjettgork during the
internship. All projects completed by the intenrSustaining and Rapid Response were
design modifications of the above tools. In thetrsection, three projects completed
during the internship on the MDT tools are discdss€he projects in the next section
were chosen for discussion based upon the vargiwad of complexity and intern

involvement.
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INTERNSHIP PROJECTS

The three projects discussed in this sectionasitivey the technical nature of the
work completed during the internship. The inteontcibuted to many more projects
than are discussed in this record of study. Thgpts below were chosen to show the
varying levels of technical knowledge exercisedrmythe internship. In the following
sections, the solid models and cross-sectionalidgahhave been adapted from
Schlumberger.
Release Washers

The release washer, Fig. 2, is a small sub-assewfitye multisample tool. The
current release washer is a multi-part washer togjether by a metal band, C in Fig. 2,
and connected to a release mechanism, B in Fagtd:hed between a pair of resistors,
Ain Fig. 2. Before a sampling job begins, thevesalare spring loaded and locked in
place by a release washer such that for each sdnottle, one valve is closed and one
valve is open. When a sample is desired, a sigrsant downhole to the release washer
from the surface. The signal passes through #istoes on the release washer creating
heat. The heat from the release washers is useeélta solder joint, B in Fig. 2, which
releases a tripwire and coiled spring, D in Fig.The release washer breaks into three
pieces that are pushed away from the valve steradigl force generated at the angled
interface of the release washer and the valve dfeffing. 3. A compression spring
installed on the valve stem actuates the valveegtheér opens or closes the flow path
from the main flowline to the sample bottle. Ea&ample bottle is connected to a main

flowline via two valves, one normally closed valeed one normally open valve. The
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parts of the valve assembly are labeled in Figel@ase washer A, valve stem B, valve

body C, and compression spring D.

Fig. 2 Release Washer
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Fig. 3 Release Washer Valve Assembly

Figure 4 shows a cross-section of the multisamaleevblock with two valves
installed. One valve is shown it an un-actuatatesthe other is shown in an actuated

state. Figure 5 shows a close view of the sameesahstalled in a multisample block
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with the fluid flow path indicated. The flow patifrough the valve is blocked in the un-
actuated position.

The mechanism of release and capability of theaselevasher to achieve desired
function was not of question in this project. Maasher functioned as designed,
however, the reliability and repeatability of a segsful actuation was far less than
desired. Several outside vendors were given lspgcifications, both functional and
financial, and asked to provide alternatives. Geitderger engineers worked closely
with the engineering groups at the outside ventibtevelop a mutually acceptable
product considering functionality, manufacturalgilideliverability, reliability, and cost.
Only a portion of the total project life cycle isdussed, the portion with which the
intern was directly involved. The intern was rasgble for qualification and field-
testing that would lead to several problems reqgimvestigation and modification
before a final product would be released and ancedias a commercially available
replacement. The following discussions are thasblpms, analysis, and design
changes with which the intern had direct interactio

The intern’s first involvement was during qualifian testing. The release
washer assemblies were assembled in a valve xastefiand then exposed to a
representative downhole environment. The releashers were qualified and sent in
large numbers to the field locations for field-tegtand feedback. A significant point is

that after initial qualification and verificatiorf design, most major failures can be
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attributed to a change in process. Many changpsoicess are driven by efforts to
decrease cost. However, as is the case with kb@sewashers, a process change can
lead to a product that responds to hostile downéolgronments in an unexpected
manner. The following is a brief description oé throblems encountered and the action
taken by the intern in conjunction with manufactute correct the non-conformance.

In order to decrease manufacturing cost, a chamoge ihdividual machine made
pieces to injection-molded pieces was desired. Mthis change was made, the same
material for injection molding was specified as wa#g used in the machining process.
However, the heat and pressure required to moldithieen material changed the post-
process material properties of the release wash#usng subsequent testing the
washers began to stick to the valve body even #fteretention mechanism had been
activated. This blocked the valve from actuating aaused samples to be lost. The
original cause was thought to be an edge inteiitsree where the washer meets the top
of the valve body as shown at location A in Fig. 6.

The washer was thought to deform under temperatulgressure at this
interface and the edge of the valve body would ol radial force that kept the
washer pieces from moving outward and releasingdhee actuator. A relief feature
was added to the bottom of the washer to removentedace contact area. A new
production run of washers was molded, howeverstioking issue continued. Upon
further investigation, deformations to the intedatrface of the release washer where
the valve actuator rests were discovered, shovimat-ig. 6. At high temperatures, the

material would become soft and allow the angledipoiof the valve actuator, B in Fig.
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6, to deform the release washer. The deformatsmneased the radial force on the
release washer and increased the downward foraengaihe washer to become stuck in
position. The washers became stuck in positicer aftly a few hours of exposure to
high temperature. A material with higher yieldesigth was introduced and no
additional sticking issues occurred. This raisgsstjons about the necessity of the
geometry change. Although the change added ati@uklimitigation factor to the
design, the time and cost associated with the agharay not have been necessary.
However, at this point in production, removing tkekef would propagate additional
testing, cost, and questions from the end useis &hy the physical geometry has

changed even though there are no perceived problems

Fig. 6 Release Washer and Valve Cap Interaction



18

An additional problem found was premature reledsbetrip wire solder joint.
During engineering testing the resistors were htddo electrical leads using a high
melting point (HMP) solder, while the release waghpwire joint was connected using
a silver solder. During production, both endsh&f tesistors were tinned using the HMP
solder, D in Fig. 2. When the tripwire was attatkethe resistor assembly using silver
solder, this joint became contaminated, E in FigAR high temperatures, the tripwire
would release and the valve would actuate premigtuiiéhe contamination was
confirmed utilizing a scanning electron microscape X-ray refraction. The remedial
action was to use only silver solder on all joitatsnitigate the possibility of possible
contamination.

All resistors come from one manufacturer. Theymnehased several thousand
at a time and subjected to thorough testing angkictson. Approximately half of the
resistors are deemed unacceptable. In this pkatimstance, the resistors passed all
screening tests, but when functionally tested énttiols, failures began to appear. The
resistors would not last long enough to heat th@esdo the melting point before
becoming an open circuit, no longer passing curréihiere had been no apparent
process change and screening tests were beingdpatssgproximately the expected
rate. Upon further investigation, a process chamge discovered at the manufacturer of
the resistors. Internal to the resistors is a wireding. Without changing the measured
value of resistance provided, this winding can varwire size and spacing. The

manufacturer changed the machine and location whereesistors were made. At the
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new facility, the resistor wire size and windin@simg had changed. A request for the
previous design was implemented and no furtherlpnad of this nature occurred.
Installation errors have also lead to failed sawptrieval. During field use, the
tripwire and retention spring have been shown tdaxt and hang on the feedthru pins
that supply signal to the resistors, see Fig. [is T attributed to improper installation.
Testing showed that significant interference betwtbe release washer and the feedthru
connection is required to cause a catching incidé&he trip wire can lodge between the
retention spring and insulation on the feedthrunemtor and prevent the release washer
from actuating. A process to minimize the overhahmsulator material was
implemented at the manufacturing facility and speanstructions on installation using
a feeler gauge to ensure spacing were directdtetbdld organizations.

After all issues had been satisfactorily resolspdilification testing and field
testing completed, the release washers were madmercial and turned over to the
manufacturing group. During this final stage adguct release, questions arose
regarding quality control of future orders. Themufacturer had been testing two out of
every 98 washers produced at maximum temperataEfdhours. The legitimacy of
this number became a point of contention. Milit&tgndard 105-E was applied given
that the manufacturer would supply 96 units wiBgpercent chance of success using
the reduced testing criterion of the standard.s Tésulted in a final quality control test
of five assemblies out of every 101 tested at marintemperature for a period of 24
hours. This time is representative of actual davialexposure and all previous failures

had occurred very early in the testing process.



20

Tripwire Caught on Feedthru Insulation

Fig. 7 Release Washer Installed

The previous release washer design had a reletsefrapproximately 89% over
the life of the design. Given the financial andu&tion cost to Schlumberger this
reliability is unacceptable. The design discudse@ has provided just over 99%
success. This project required substantial impraré with minimal design change.
This project required the intern to link many di#fat functions such as innovative
design, cost saving manufacturing, experimentabdeand qualification testing in
order to produce a product with exceptional relipbat an acceptable cost to the field

organization. The resulting product is a reliaigliease washer that far exceeds the
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previous design in reliability. Previous genematielease washers had a success rate
around 89%; today the field enjoys a successfindirate of slightly over 99%.
Feedback from the field organizations has beeraesdinarily positive. The increase in
reliability will save millions in lost revenue ydgpiand will reinstate client confidence in
Schlumberger services and products.
MDT Compression Calculator

This project was requested by personnel in fietédlmns. It was chosen to show
how traditional engineering methods and analysiewa@plied during the internship to
develop an approximation method for maximum toabiog based upon well
characteristics. In this project, the intern inigeged past research in tool string failure
by buckling and material failure at the MDT modudterfaces. The intern used a
combination of past research and classical engirgeéailure theory to program an
Excel macro calculator to suggest approximate $iroftoperation for MDT tool strings.

Wireline tools are sometimes required to operatimditions whereby wireline
conveyance is not practical. Such is the case hghly deviated wells or horizontal
wells. In these tough logging conditions (TLC) tiools are conveyed using a variety
of methods such as drillpipe, coiled tubing, octoa systems. This project takes into
account the condition that requires substantialdsads be applied to the tool string
during operations or retrieval. The maximum allbledoad is not an easy limit to
forecast. Many factors influence the load deteatiom such as well temperature, well
pressure, bore size, deviation, tool string lengttd drilling fluid weight. Additionally,

since the tools under consideration are long cotumith varied and complicated cross-
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sections, a suitable failure criterion is diffictdtdefine. The MDT Compression
Calculator includes many of the above factors dbagefield experience, engineering
testing, and theoretical finite element analysiprmvide guidelines for field reference.
Destructive testing of tools at specified condiios not feasible. As field experience is
gained, the calculation method may be modifiecefesent the actual performance of
the tool string under compressive loading more ately.

The original MDT tools were rated to work in welgth up to 20,000-psi
pressure and 350°F. Throughout several yearseftipn and modifications, the limits
have been increased to 25,000psi and 400°F. mtisase was due to market demand
and field experience. With the increased limitsieghe need to revisit the
recommendations for applied compressive load. speeifications available were
previously only calculated at a specific and lirditeumber of operating conditions. The
field organization desired a more functional metfmddetermining the limitations for
multiple combinations of well conditions includitige expanded 25,000-psi and 400°F
operation limits.

Compressive loading of drill strings and otherufal structures in boreholes of
various sizes and inclinations is a highly reseadcirea. Several failure theories and
methods of prediction based upon various formsugkling have been proposed. In the
case of the MDT tools, field experience has shdva buckling is not the first
indication of damage if large axial compressivadkare applied. Rather, internal
components at the interface of the individual medwf the MDT tool string joints are

the first to be deformed permanently.
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These interface areas were used as the basisftailtirre criterion of the
module and implemented in the compression calaul&mure 8 shows the cross-
section of a typical MDT module joint. This vielvavs many of the electrical and fluid
communication passages and interfaces within théuhes. Figure 9 shows a simplified
joint showing only the parts of concern for the goession calculator, the Upper Block
A, Lower Block B, Thrust Ring C, and Threaded Rihg To accommodate pressures
above 25,000psi, the interface was redesigneddistribute the forces. However, the
compression calculator was developed to give fatdtions a general guideline for
tools with the standard connection interface dethiht may experience pressures up
25,000psi.

With field experience, FEA analysis, and enginegtesting reports, tool string
buckling as a failure concern was foregone and ordterial yield at the module
interface of the two blocks and the thrust ring wassidered. The force applied by the
hydrostatic pressure, axial loading due to TLC, anyg force developed by bending of
the tool in the well bore was considered. Previwask by Thomas [3] investigated
Euler buckling and Elastic Support buckling as tarior generic tool strings in deviated
wells. Thomas [3] suggests that the Euler appreachild be viewed as a lower bound
and the elastic approach as an upper bound of atlexcompressive loading. These two
methods were considered along with the materidd yiendition at the module
interfaces. However, buckling failure was latenoxed from the analysis and only the
material yield condition based upon pressure, adae force, and bending was

considered.
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The compression calculator uses temperature, hidiopressure, average
borehole deviation, well bore diameter, tool lengtiodulus of elasticity, and yield
strength as variables. The modules of elasticityyaeld strength are compensated for
temperature changes from 68°F to 450°F. See Bifprla graphical representation of
bending induced on a tool string in a deviated wé&he tool centerline represents the
neutral axis of the tool string, assuming the &iohg is conformed to the center of the
well bore curvature. Since the approximate demmatf the well bore is known from
drilling logs, the radius to the centerline of thel is found assuming the tool is
conformed to the curvature of the well bore. Dgwrais reported as degrees per 100
feet of well bore. Using well deviation and theltetring length, the angle theta
occupied by the tool is found. A deflection distans defined as the distance from the
center of curvature of the well bore to a straigie that connects the endpoints of the
tool string. Assuming a simply supported beam séeond area moment, equivalent
transverse load, maximum moment, and bending steesbe found. The Von Mises
effective stress for a biaxial stress state wad tsealculate the stress and allowable
compression before yield of the MDT module inteef@omponents for a set of given
well bore and tool conditions.

In order to distribute the compression calculatackjy and easily, an Excel
based macro was written to perform the calculatioks feedback from field locations is
received, the compression calculator will be medifio predict allowable compressive
loading more accurately. Future work exists is tiiea with the introduction of a new

generation of downhole tools with expected pressanel temperatures near 35,000psi
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and 500°F. A similar calculation tool will be récpd, however, with a redistribution of
forces due to a design change at the module icerfhe area of failure is now
unknown. Field experience will be heavily religobu to determine the areas of concern

within the new generation of downhole tools.

Center of
Curvature

Fig. 10 Tool Deflection Dueto Well Bore Curvature
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Displacement Unit

This project was driven primarily by market competi, and requested by a
field location. Design, testing, and initial pration were carried out by Rapid
Response. In this project, the intern took on aenaative role in the complete cycle of
product development. The intern was tasked witifyieg design, creating solutions,
designing concepts, obtaining manufacturing qudtesging prototypes, testing new
products, documenting the entire process, and ughtire prototype through testing and
commercialization.

In some particular oilfields, high overbalance@wImobility is present requiring
high-pressure downhole pumping in order to pumprkasr fluid from the formation to
the borehole. The drilling fluid serves multiplerposes such as lubrication, removal of
cuttings, and creates a pressure dam between digraspressure and reservoir
pressure or between reservoir zones of variouspres. When drilling in unexplored
fields or new formations, exploration companiesitembe conservative regarding safety
with well control issues and use a high weightlidgl fluid to create high hydrostatic
pressures and high overbalance. If true pressum@samples are desired in such
conditions, pumping against the differential presdwetween reservoir and borehole is
required. Pumping may also be used when samplipgessures are desired in
reservoirs containing heavy fluids or in formatiavisere reservoir fluid mobility is
limited.

Competition was the driver of this project. Conijoes exchanged successive

product releases, each with slightly higher pummiagability. An original request to
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pumping against 7000psi was fulfilled. A few manthter, competition released a
pump with a 9000-psi rating. Clients in the aregdn to prefer the competitor for this
reason. Another request was made to produce a puoyt-spec the competition. The
request was again fulfilled and a pump with a 10;p8i rating was developed.

The pumpout module contains an electric motor dg\a variable displacement
hydraulic pump. The output from this hydraulic quie feed into a dual-piston
displacement unit shown below in Fig. 11. The $aftthe displacement unit labeled in
Fig. 11 are, A cylinder, B piston, C magnet, andifion shaft. The outer cylinder
volume is filled with hydraulic fluid from the vable displacement pump through a
valve in the end of the cylinder. The inner cyBndolume is filled with formation fluid
through a flowline that connects at the centehefdisplacement unit. The
displacement unit is double acting. As one cylmd#ume is evacuating fluid, the
opposite volume is being filled with fluid. Thedraulic and formation fluid flows are
controlled by a network of solenoids and valves tide pistons near the end of the
stroke, a magnetic sensor detects the proximith@pistons and sends a signal to the
solenoids and valves that causes the hydraulid 8ad formation fluid flow to reverse.
The major issues with increasing the output presstithe displacement unit include the
differential pressure across the seal in the ceritdre displacement unit and the
reduced flow rate of the displacement unit. Thevmus displacement units were used
as starting concepts for the modular reservoirldegment unit (MRDU).

This concludes the technical portion of the reaufrdtudy. Non-technical

challenges made major contributions to the intemsin the next section, non-technical
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experiences of academic studies and the interghigiscussed as well as observations
of the internship made by the intern regardingti@hships between academics,

industry, and society.



Tool Hydraulic Fluid

Formation Fluid

Hydraulic Fluid Inlet/Exit

Center Seal Formation Fluid Inlet/Exit

Fig. 11 Cross-Section Displacement Unit
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SOCIETY, INDUSTRY, ACADEMIA, AND THE ENGINEER

The premise of the doctor of engineer degree gaduce engineers capable of
working at the highest levels of professionalisnmisustry. In recent times, technically
trained engineers and scientists have been cagtled to develop a better understanding
of how their work influences society. Superiorteical knowledge also requires an
understanding of the interaction of industry, spciand academics. This section is
included in the record of study to discuss somimefinteractions and challenges the
intern experienced during academic study and tteeriehip period.

Pletta contends that in the past engineers weoatéat to produce only the
technological innovations the public desired argliested” [4]. Recently, engineers
have become more aware of the impact their teclgiabinnovations have on society.
The engineering profession is under continual chagga reaction to social and
industrial demands. Specifications and requiresétperformance and curricula have
recently shifted toward practice-oriented strucsur&his requires a greater ability to
exercise leadership in all domains influenced hyimgering, society, government, and
industry. There is an increasing demand for ereging professionals that can reduce
large amounts of information efficiently, identigriables, and analyze systems that
have significant interactions with both sociolodjiaad technological aspects. Several
institutions have begun to develop programs to fikline void and promote a more
completely educated engineer; such is the prenfi$exas A&M University’s Doctor

of Engineering program.
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“At a workshop of the National Academy of Enginegrin 1990, the
participants forecasted an engineering environnmewhich engineers must combine
technical competence with a deep understandingaéls political, and financial
systems and constraints” [5]. Currently the omdlugon available to produce engineers
with all these competencies is to proceed witlgaiBtant amount of graduate
education whereby engineers are allowed to dewiis to fill the exacting
requirements set by academics, industry, and soci&hile mixed discipline graduate
programs will increase the marketability and désiity of new engineers, engineering
education beyond the normal four years is optional.

Much has been researched and written over the yegasding the necessity of
change in engineering education to meet the nefadslustry, keep up with foreign
competition, and produce independent, capable;edeltated, cross-functional
engineers. A sort of cyclical system exists wheiiadustry, economic, and society
demands are eventually fulfilled by newly educagadineers. One variation of this
cyclical system from Yoshisato [6] is shown in FI§. The interactions shown, as well
as some of the recently debated topics concermgmeering talent in the U.S., are
discussed in the following sections. An attem been made to provide a view of both
sides of the various debates by including firsteharperiences encountered during the
internship with previous research and articles suppy arguments. The sections to be
discussed include academic challenges, interndtocmmapetition, the decline of

engineers, and industry’s responsibility.
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Academics

The premise of higher education today is vasthyngled from the now historical
philosophical education, derived from social sceenand humanities, upon which
higher educational institutions were founded. Tigtoout history, education can be seen
as a maturation process that shows the abilitpdad on and accomplish a long-term

goal. Education is now becoming a necessary dondiv support societal demands,
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expectations, and economic growth. As a necegsdhyto a career in engineering,
academic education carries a great burden of thtenmg of an early engineer.
Academic influence does not start only at the gudie level, but stems from early
education, cultural influences, and even econorsitds.

One opinion regarding early education proposed blyoAis that, “a very large
portion of the primary and secondary educationsiesy graduates in the United States
are not functionally literate” [7]. “A report redsed by Achieve, a nonprofit
organization that helps states raise academic atdsadcontends that we have
institutionalized low performance through low exiadions” [8]. There are indications
that the problem is related to American socialuelt Two interrelated issues arise if
culture is accepted as a cause of poor performdii@ee is the poor job being done by
the public educational system at both the elemgratad secondary levels; and the other,
which permits the first to exist, is a cultural plem: an undemanding attitude that
prevails in society in general, and with parentparticular with regard to education and
achievement” [7]. Defining a culture problem iffidult. Those encapsulated by
cultural norms do not see the differences or problperceived by other outside the
cultural area. People within a culture have beerditioned to respond to outside
stimuli in a certain manner. Enacting change withculture to the extent necessary to
influence a culture’s response requires signifiedfart and time. Cultural change
imposed by outside influences will be resisteddibtussing cultural issues, Abbot
contends, “We are dealing here with philosophywaitd value judgments on issues

about which almost everyone has preconceived retioat are culturally determined by
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background, education, and inclination” [7]. Gexllgr American culture dictates equal
treatment and opportunity for all. Equality is tedin the very basis upon which the
American society and culture have been developddaalved. A major issue that
exists in industry is also becoming commonplaceduacation, the equal treatment of un-
equals. One perceived problem is that equal eaunedtopportunity may be illogically
believed to lead to equal performance.

Primary education has been diluted to a point si@hthe majority of students
should be able to pass a defined minimum standhatds based upon the average
student. When these average students arrivelagesland universities, some may
require remedial action to bring them up to cobggieducation levels. Sometimes
students enact this effort willingly and withouteftition. However, oftentimes the
faculty must adjust coursework to rehabilitate stud and bring them out of a state of
mediocrity. Some believe that in today’s educatl@ystem mediocrity has become the
accepted norm. Yet this acceptance of meritocisaopt necessarily a desired course of
action in academics but rather a guided acceptoased on politics and a defined
minimal average that lead to mediocre studentadesits that do overcome mediocrity
in education once reaching the collegiate levekaddenly exposed to another deeply
political issue, the engineering curriculum.

Engineers are being asked more and more to fittrathtionally non-engineering
rolls. Engineers are being asked to participatr@as outside strictly technological rolls
such as public policy. Although the need for me&weially in-tune engineers is a know

requirement, the means by which to fulfill this dee not as clear. How the current
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engineering curriculum should be modified to méetéver-changing demands and
expectations of academics, industry, and sociedypsint of contention that has been
under debate and criticism for as long as an eegimg curriculum has been in place.
With an already time constrained curriculum, how tt#e current requirements be
modified without significantly changing the timegrered to graduate or without
decreasing emphasis on classical engineering csursmiversity curriculum is
constantly under review.

Some programs both within the broad disciplinergjieeering and in other non-
engineering disciplines have re-structured theicuitrm to a mandatory five-year
program or a mandatory graduate degree in orderaictice at a professional level. This
would seem to be a logical step in meeting the delméor more engineers and better-
educated engineers. However, international coripetithe fear of declining
enrollment, concerns over the economic positiothefU.S. as a technological leader
and the upcoming mass exodus of engineering tabgected as the U.S. Baby Boomer
generation nears retirement will continue to stiflis idea in the near future. These
obstacles are discussed in later sections.

Social, political, and communication skills are mealued in industry
interactions than they are in engineering scha@usording to O’Neal [5]. Academia
has recognized the importance of non-technicatasteons. Changes in curriculum and
expectations of students have been introducedttertzeclimate engineering students to
non-technical expectations. This leads one tadtienal decision that engineers need

more exposure to the humanities such as histoonamics, communications, and a
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myriad of business related education. In todaysggssional world, the softer skills
promoted through social sciences and humanitiea@tess important than technical
skills. Traditionally an engineer has an aptitémteanalyzing but substantial effort may
be required to improve other professional skilENeal [5] expresses the opinion that
too few humanities are being taught to undergradeagineers. However, no solution
is proposed as to how to maintain the technicadllef’today’s engineers while
including additional humanities and plan for neaht@cal courses that will be required
as technology develops and new methods of engirgepropagate in industry and
society. Graduate education whereby in-depth e®ging education as well as soft
skills can be further honed is not a considerafttwrmost students. “To lead an
organization, particularly a large one, skills srquired in the basic three P’s: problems,
people, and purpose” [9]. These skills are relabetthie soft skills gained through
professional development disciplines outside tobbrieal realm of engineering. Lack of
these soft skills becomes a problem later in tlggneers career when a choice to remain
technical or move to a managerial roll, which regsiigreater soft skills, is presented.
Engineers are often presented a dilemma some 3x@8 after entering
industry, remain in a technical capacity, or mavatmanagerial role, as promoted by
Kocaoglu [10]. Most engineers have not however medithe skills necessary to be
competent in a managerial position. Some fail r@barn to a technical capacity while
still yet others adapt and learn the necessarisskibe an effective leader. “Most
Americans would probably be surprised to learn thate S&P 500 CEOs received

degrees in engineering than any other field. Ereging based CEO’s greatly outnumber
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their liberal arts, business or law counterparid][ “The chance to move up keeps
people happy who might otherwise burn out. Pewgle are able to solve problems are
going to do that in a lot of different roles andseed, says Kenneth L. Havlinek, a
longtime R&D engineer and now the technology man&meSchlumberger's Sugar
Land Technology Center” [12].

Dunn states, “Recent academic research showsrtgaters have a far better
chance of making it to the boardroom than any oth&zgory of professional’ [13]. For
example, “engineers and scientists outnumber atantsthree to one among top
executives” [13]. Yearly research published byr&eeStuart [14] supports this claim.
“Yet according to research, manufacturing compahessled by accountants and non-
technical graduates distinctly outperform thosebymngineers” [13]. The substantial
number of engineers in industry leading positiorelcates the necessity for well-
educated multi-functional engineers. This shoulglement some concern within
academia and industry. Traditional leaders theaé teelped develop a strong
technological economy are becoming less available.

Today customers are more demanding and more simalést. As international
competition increases, companies must be leaddiyidtuals that understand financial
and business aspects as well as manufacturingrialat@anagement, and the
engineering process in a complex project. In Brdbapinion, “An engineer is
particularly adept at understanding and adaptirtgday’s changing international
competition” [9]. In addition to the advantagesngal through engineering education,

Braham says in order “to advance into top managéreaegineers are advised to
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broaden their background” [9]. Many faculty areaae of the necessity to educate
engineers beyond only technical study and striiadorporate soft skills into traditional
engineering academics. However, faculty sometidees not fully understand what
industry and society demand.

An additional academic challenge is the percepbiomhat industry requires in a
new engineer. “Although the trend in engineermfpr faculty to have more limited
industrial experience than previous generatioresy#iue of industrial experience is
significantly underappreciated” [6]. “This lack pfactical industrial experience
provides the advisor with a limited, and sometimissorted, view of industrial practice
and industry expectations of students” [6]. Thiskl of practical experience, exposed
primarily through the slow response of academiashinge under the influence of
industry and society becomes most obvious to tgenerr after the first few months of
employment outside the realm of academia. Limnedstrial experience does not
degrade the ability of faculty to teach traditioeabineering courses. Industrial
experience is exposed through the methods andstégmalty use to convey technical
and non-technical knowledge and experiences testad

Beyond academics and the interaction of academigsralustry is the
competition imposed by international students. @etition arises in the number of
international students being produced in intermati@ountries as well as those educated

in American universities.
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I nter national Competition

In recent years, political debate has arisen cormglinternational competition
in the shear numbers of engineering, science,esfthblogy graduates produced by
some of the major emerging economies of todayassrof the U.S. economy. The
most public debates generally cite the large nurobegcent graduates from China and
other Pacific Rim countries as the major thred# 18. engineering talent. “China has
increased the number of engineers it graduate26%olover the last five years with a
factory-like approach to education” [15]. Quantiyually comes at the cost of quality.
Many debates have focused solely on the numbegsadiiates without considering the
guality of education or the impact to the localmmmy. Debates in U.S. politics focus
only on the exacting numbers and the assumptidmtbee is better. Although a larger
number of technological and scientific graduatesildi@presumably lead to a larger
number of advances, one could argue that a slifgther number of graduates with a
more complete education may produce just as mavgraes.

Another lesser point of contention is the numbantdrnational students versus
U.S. students receiving graduate education atigs8tutions. Recent graduation
statistics clearly show the trend of large numloéisternational students receiving U.S.
degrees. “Foreign students typically have fewgroofunities and see a U.S. education
as their ticket to the U.S. job market and citizeps[15]. The most recent publicly
available research compiled for the yearly Survielijarned Doctorates, 2004, provides
detailed statistics on Doctorates. The following selected highlights of the SED report

[16]:
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* The 419 universities in the United States that eoefl research
doctorates awarded 42,155 doctorates during th8-2004 academic
year (the eligibility period for the 2004 SED), iarease of 3.4 percent
from the 40,770 doctorates awarded in 2003, anthitifeest number
since the all-time high of 42,647 in 1998.

* The number of doctorates awarded by broad fieRDiod was greatest in
life sciences, which conferred 8,819 Ph.D.s. Thalmers in the other
broad areas were 6,795 in social sciences; 6,688unation; 6,049 in
physical sciences and mathematics (combined); Sivéfgineering;
5,467 in humanities; and 2,614 in business and qitodessional fields.

 Women received 19,098 doctorates, or 45 perceall dbctorates
granted in 2004. This is very similar to last yegrercentage for women.
Women earned 50 percent of the doctorates grantife isciences, 55
percent in social sciences, 52 percent in humani@ié percent in
education, and 46 percent in business/other priofegsfields. In
physical sciences and engineering, they constit2fepercent and 18
percent, respectively.

* In 2004, 51 percent of all doctorates awarded . ditizens went to
women, the same percentage as 2003, marking tloectbmsecutive year
U.S. women were awarded more doctorates thanrteda counterparts.

» U.S. citizens received 67 percent of all doctora@®ied in 2004 by
individuals who identified their citizenship stai{®! percent of all
doctorate recipients identified their citizenshiphe People's Republic of
China was the country of origin for the largest tw@mof non-U.S.
doctorates in 2004, with 3,209, followed by Kore#hwi,448, India with
1,007, Taiwan with 703, and Canada with 601.

* The percentage of doctorates earned by U.S. ctimmged from lows of
35 percent in engineering and 52 percent in phiysgances, to highs of
88 percent in education and 79 percent in humanitie
At Texas A&M University, graduation rates for the@d fiscal year indicated a
similar trend. International students comprise®#Gf all masters degrees awarded in

engineering, 70% of those awarded in mechanicaheegng, 86% of all doctorates

awarded in engineering and 95% of all doctoratearded in mechanical engineering,
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Texas A&M graduation statistics [17]. The SED memates that the growing numbers
of doctorates awarded to foreign students on teargatisas has accounted for virtually
all of the overall growth in the numbers of doctereecipients since 1974. With political
influences on educational spending and scrutiny bv8. governmental budgets, one
would expect this to be a greater point of contanin the future, particularly given that
most U.S. universities are non-profit state fundddcational institutions.

Differing reports have been presented regardingntimber of technological
graduates staying in the U.S. “A report prepamrdie National Science Foundation
showed that the number of foreign-born doctorates shose to stay in the U.S.
increased from 49% to 71% from 1989 to 2003” [1Bemographics of students
graduating from engineering schools and taking strékl positions in science and
engineering are largely international students cdmpensate for the decreased interest
in graduate school by American students, univeisitiave admitted more and more
international students. “The result is that in sangineering graduate programs 70
percent, or even more, of the students are foreagnmitted to return to their native
lands” [18]. This would seemingly lead to shompgly of American engineers,
however, to date enough international engineers baen able to maintain temporary
visas or obtain permanent working rights in suéfitinumbers to keep up with demand
such that the disproportionate number of intermaigraduates has not been cause for
alarm.

There are not enough American citizens to fill aailable positions for

graduate students. Additionally, given the seguwiinstraints surrounding some
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industry work, outsourcing and off shoring are featsible options. Some have
expressed concern about decreasing the opporfonilyternational student to enter the
U.S. and study. If these students cannot entediBe they will go to other institutions,
thereby decreasing the talent pool available ta ndustrials and the economy. In
addition to a reduction in international opportynthe numbers of American students
completing graduate education is declining. The Bection investigates some of the
reasons and effects of the declining numbers oheegs.
Decline of Engineers

“Science and technology are the engines of econgroieth and national
security in the U.S., and we are no longer prodyeimough qualified graduates to keep
up with the demand” [8]. Various reasons influettedeclining numbers such as
economic performance that relates to availabilitgt guality of job offers that tempt
students away from graduate education. Americalengnaduate engineers are simply
not motivated to continue graduate level work. Samd@stry representatives have taken
notice of the dwindling number of engineers that@drS. citizens. This is most
concerning to those in national security sensiirgas. “According to the Bureau of
Labor Statistics, the number of electrical engisgarechanical engineers and industrial
engineers is dwindling” [19]. This comes at a tiofiéncreasing demand for engineers.
Demand is expected to continue to increase agya fsortion of the current U.S.
workforce nears retirement age. For example, 18#%eoemployees in the aerospace
industry are reported as eligible for retirement, the decline of technical talent will

affect industry beyond technical sectors” [11].ctArding to a consultant at RHR
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International Co., the country's 500 biggest congmanticipate losing half their senior
management in the next five to six years” [12].efiehwill be tough technological,
political, and social obstacles to overcome indbmning decade as the 77-million U.S.
baby boomers begin to retire. The younger germratotaling approximately 46

million, required to support and replace the regrgeneration will be strained for
resources. The need for experienced managemdre imear future is hindered further
by large efficiency cuts made in the 1990s thatawsd several middle management
positions. Workers affected by the cuts of the(kS&re skeptical and have become less
loyal to companies. “At the same time, businessdudten tougher, and companies are
counting on their people to be flexible enough twvmat today's accelerated pace, yet
creative enough to excite consumers around thedwod tall order for a group that is
already doing more than ever” [12]. Another corsation is that approximately 25-to-
40 percent of available engineering graduates @tmenter professions outside the
engineering discipline such as law, medicine, amglriess. Given this fact, it appears as
though the decrease in technically trained engsem®y influence more than just
technological advances. The impact of decreasimgers of engineers may well reach
into the socioeconomic structure.

Some would argue however that the decline of emgiis not as problematic as
industry suggests. These are however, the sampemeats that say the Asian explosion
of engineering graduates is not as alarming assingland politics would have the
public believe. In a supply and demand economgrtabjes usually lead to price

increases for the available products. “If thereeneshortage of engineers, salaries
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should have risen, yet in real terms, engineeratgres have actually dropped” [15].
This leaves the question of why are American sttgdeat pursuing engineering
education and what can be done to mitigate thargeof engineers in the U.S. Most
U.S. students do not feel as though there is enbnghcial benefit associated with
postgraduate education. Passing on an opportimiiggin to become financially stable
by entering industry only to spend an addition&-5 years at an education institution
is a difficult decision. In today’s job marketetimdustrial experience gained in the two
years required to obtain a master’s degree areegldly industry just as much and
sometimes more than additional education. In thegnaduate education would lead to
higher paying jobs and more opportunities in futagseignments. This is not always the
case though.

In many ways, the decline of American engineeratesl back to the cultural
influences of today’s students. The students d@éyovere heavily influenced by a time
when the U.S. and world economies were rapidly grgw Businesses seemed to
blossom and prosper in very short time. The hedreow attitude of immediate
gratification propagated during this time has beetienched into local culture thereby
influencing recent graduates’ decisions. Many siisl simply cannot see the benefit of
continuing education beyond the bachelor’s lewetlustry has made demands for more
engineers with expanded capability. In order twdpces more engineers, educated as
industry desires, industry has a responsibilitiatee an active role in promoting and
enabling academics and student to fulfill industiemands. This will be discussed

further in the next section.
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Industry Responsibility

Industry and society have come to expect a weltathd engineer to be
developed within a certain period and that the megi will possess the necessary
attributes to add value to industry. However, stdpand society expectations are
beginning to outstrip the abilities developed bwrengineers under cultural norms.
The business community can and should become iagdolsome industrial firms have
become deeply involved with education. Industry ti@ated scholarships and
contributed to existing programs or professionabamtions that help students pursuing
technical degrees. Others have become involvedriows industry-educator consortia.
Sill yet some universities have developed progratmsreby a limited number of highly
qualified students are completely funded and dfitees taught by industry partners.
The question of how to produce the well-educategineers industry desires and society
demands still exists. Industry is beginning toenstAnd its role in shaping future
engineers to meet the needs of society ratherréigimg solely on academia to
autonomously produce engineers that meet induskeialands.

For scientists and engineers in industry, questidiechnological competition
drive the necessity to innovate and thrive. Saeawd engineering have contributed to
economic development, security, education, and-baghg throughout history.
Technology and science are basis upon which impnews to life quality and
economic strength have been developed. Industrggsining to recognize new
challenges in future science and technology fieldsorder to overcome future

challenges and continue to provide life enhancroglpcts society has come to expect,
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more young people must be inspired to thrive ineaded technology careers. Meeting
these challenges is an effort that will requireperation between academics, industry,
and society. In a speech given by Andrew GouldD®E Schlumberger Limited, to the
annual Asia Oil and Gas Conference, he offereditisight to today’s challenges that
limit industry’s capacity to respond:

In my opinion, the only serious constraint to a sthpsteady increase in new

supply is in the availability of people with propetperience and sufficient

technical education. Unfortunately, a shortagetsxsalmost all levels of our
industry. This is the result of the under-investiiamew talent, and the
discouragement of existing talent, over the laginty years. Solving the human
resources problem will not be possible without a&shg cooperative effort on

the part of the industry. [20]

Attracting and retaining talent is a key challefgeindustry. Academia and
industry could and should do more to promote aold#i education for a larger number
of American students. Industry has noticed a dealh American students and has made
public the looming problem of replacing a largerneg) workforce. Now industry needs
to take a leadership role in promoting more graeledtcation for American students.

In fulfillment of all requirements of the record study, observations made by

the intern during the internship are discussetiénnext section. The observations

include challenges, frustrations, and lessons ézhautside academia.
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INTERNSHIP OBSERVATIONS

The following details some observations made duttregcourse of the internship
in an attempt to explain some of the difficultiegldrustrations experienced by the
intern. During the internship period, a far greatg@mber of significant events and
interactions occurred than can possibly be discusgelesson learned, often a
misconception with new engineers, is that engimgen industry is not the same as
engineering in academics. One cannot expect tpves: a problem that can be simply
solved by finding the correct references and mattieal approximations to describe
the physical interactions involved and develop sigieor idea to solve the given
problem. Engineering in industry is achieved bijfaimg many different resources
intermingled within a complex organization. Thdaoes not seem to be any set laws or
principals that shape the daily interactions engis@ncounter. Within a small-defined
group and area of an engineer’s experience, somer@eguidelines for interaction can
be found. However, these are not universally apple, especially in a world of cross-
functional education and work experiences with mmational cultures to consider. The
new engineer leaves academia with a sound techknoalledge, and a lot to learn.

During the internship, multiple projects were assigj from different project
managers simultaneously. Little guidance was gaseto the importance of a project
leaving the intern to prioritize projects afteralissions with the involved managers.
Generally, the projects were somehow inter-reladed, after discussions, priority and
necessity were established. A perplexing problgisted in that even though the

managers were of the same department working osaiime product lines and often
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times utilizing the same resources, the intern fotlvat often times neither manager was
fully aware of what their counter part had assigaedias planning for the intern. As a
result, organizational conflict developed due t® #fi too often problem with lack of
communication. Although major issues rarely ocedythe common annoyances and
minor conflict imposed that could have been mitglthrough better communication
only leads to frustration of all parties involveBrustration not addressed can eventually
evolve into a more serious conflict scenario raqggisubstantial effort to resolve.
Although this progression of events is not comniba,parties evolved must be aware of
the possibilities that a common annoyance couleétbhrvescalate to higher order
problem.

An attitude altering experience encountered byritexn was in the form of a
drastically different workplace environment andjpob assignments than expected. A
substantial shock to work habit and attitude wasdiag to the intern immediately upon
entering industry. Although company training anttaductions exist, the new
expectations of the intern were so foreign thadramlete re-learning of what
engineering really encompasses in an economicrdgwneironment was required. A
major shift of perception in many areas such agebga breadth of knowledge,
independence, financial responsibility, complexityssues and personnel interactions is
experienced. Individual perception shift is notformly applicable to all engineers
entering industry since different companies ofatight size and organizational make-up
will require a different mix of these and many atfectors surrounding an engineering

task. Regarding this internship experience, therinfound that detailed and specialized
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knowledge gained in graduate collegiate studiesremady utilized. Expectations of the
intern’s knowledge and capability were expectebdeaavidely varying but not
necessarily deeply concentrated in any way mone éhgood understanding of all
concepts along the traditional lines of major acaidaliscipline.

In academic studies just prior to the internshipemphasis was put upon
working in teams. This is an example of how adnesits are made to academics at the
request of industry. However, industry experiehas shown that the level of
independence varies with the project. In academigsoblem is stated and there
usually exists one best solution. In industryr@bpem may be presented to the project
engineer to work on independently or with a team.

Financial responsibility changes in that duringdsaic studies the student is
usually left to find the best solution at the bas$t. Yet in industry, this function was
many times removed from the intern’s responsibditin order to simplify accounting
and supply chain management, often leading to attopun times and costs far exceeding
the intern’s expectations. The intern was taskid keeping cost as low as possible,
yet when orders were placed the intern had litfliénce over awarding work or
choosing suppliers.

Problems faced in industry are more complex. Tdreynot necessarily more
complex in a scientific and engineering manneribtle organization through which
the solution is achieved and implemented. In atéckea 1-to-3 person team may
completely solve, design, order, test, implememd, phase out a solution. Industrial

solutions seemed to take longer to develop. Skpenple must be continuously
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updated and the intern had only a small part inesohthe steps of developing a
solution. The large range of freedom and variagkg to be completed in academia
during research projects is largely removed. Titern was presented with the necessity
to communicate needs and desires to others thdtiloen provide the necessary
service to the engineering project. The enginggpnocess in industry is complex and a
fresh out academic engineer is not equipped ty adtept the sudden change required
to transition to industry engineering, it must barhed.

Many institutions have enacted programs similah&doctor of engineering
aimed at equipping new engineers with the skillessary to be effective in industry.
These programs are not however currently the pogtlgice among the small number
of graduate engineers. Very few students recoghz@otential benefit or are even
aware of the option of an industry focused prattegree. More graduate engineers
enter into industry than any other discipline, amate executive managers tend to have
an engineering background than any other disciplifi@s leaves one to question why
more engineers are not being produced from progsatis as the Doctor of Engineering
program that seem to provide industry with exaathat is desired, a well-educated,
cross-functional engineer

This is partly due to academic institutions notvady advertising or promoting
practical engineering degrees. A stark realith& today’s universities are run very
much like corporate business. Research facultpfitee perception that students
working on industry oriented practical degreeseathan in-depth research oriented

degrees will not attract funding. Unfortunatelytoday’s universities and research
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institutions, students not directly related to egsh funding efforts are of little use to
academic researchers. Another hindrance to stsigemsuing education involving both
research and industry oriented practical engingasrhe reaction of industry to the new
engineers.

During the search for an internship site, many pidéemployers simply did not
know how to facilitate a new engineer with suctomplete and extensive education.
The intern was too educated for entry-level wogk, iyot seen as experienced enough for
anything other than entry-level positions. Indystas been presented with exactly what
is desired, a highly effective, well-educated, srbmctional engineer. Yet in general,
industry has balked at the idea of implementindhsergineers. Most employers prefer
to hire students with a bachelor’'s or master’s degrThese students have a sound
technical background. However, one advantageaistitey can still be essentially
molded to fit into a particular organization witttleé resistance. A higher educated
engineer requires greater maneuvering room andegreampensation.

Exclusive of degree programs expressly designestpose the engineer to
higher levels of soft skills, most engineers |eidw& communication and business tactics
necessary to excel while on the job. All else beagual, the technical background an
engineer gains must provide some benefit as teelsagp capability when compared to
other disciplines base upon the number of enginadesadership positions. The point to
be conveyed here is that historically, more thanaher discipline, engineers have
become top industry leaders. Industry is beinggmeed with the opportunity to hire

engineers with the exact training and charactesasgportedly most desired. The point
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that must be made and acted upon is that acadeadsio encourage more students to
seek out such practical education and industrys)eedo a better job of supporting

academia and incorporating the engineer into tharazational structure.
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SUMMARY

The basis of the Doctor of Engineering progranoiprepare individuals for
professional engineering careers in business, tndumnd the public sector by
emphasizing engineering practice, public serviod, @evelopment of leadership
potential. Even after having completed a highlytemszed degree plan containing both
technical engineering coursework and professioaatbpment courses, the intern was
faced with a significant challenge immediately ugorering the internship. The non-
technical interaction became more consuming of ame effort than technical
engineering activities. The intern was frustradtgdndustry’s reaction to a new engineer
with the educational background afforded to a sttitterough the Doctor of Engineering
program. Although this program prepares engingenseet and exceed industry’s cry
for a more complete engineer that can go beyontketieical aspects, initial reactions
by industry were found disappointing. Industry basome accustom to hiring
technically sound engineers expecting to invesstuttial time and money to help the
engineer acquire other professional skills. Tlis take anywhere from 3-to-7 years, the
time at which most technical engineers are predeamtehoice of technical or managerial
career paths. However, in the case of the Dodt&ngineering graduate, the technical
and professional knowledge has already been olot@ne industry struggles with
placement of these individuals. The intern obsgthat the internship site initially
ignored the additional training brought about bg Boctor of Engineering program.

Yet after a few interactions where the intern walge & express a deeper understanding
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of problems beyond only technological issues, stipers quickly began to notice a
difference in engineering performance.

Although frustrating, this response was not uneex@d. Programs such as these
are recent relative to traditional collegiate stsdi Industry, students, and even faculty
have very little understanding of the benefitsuflsa complete education. Most
students choose, or are directed by faculty toysyra philosophical-research oriented
education. This can be attributed mainly to thatkd industrial experience most
faculty possess as well as the unfortunate rethlaya student pursuing a Doctor of
Engineering is of little use to faculty involvedfunded research. To break this barrier,
industry must become involved in designing and lmge&ducation programs such as the
Doctor of Engineering. This program has the paaéid produce professional engineers
that will become leading professionals in the watdnomy. However to realize the
optimum benefit, industry and academia will havevtok together to learn their

respective needs and capabilities, as well as pthds level of education.
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APPENDIX A

I nternship Supervisor Comments

Bradley Kerr has done well in the RS&P Sustainingug. He has been assigned
responsibility for resolving Sustaining Requestsrfrthe field organization and from the
manufacturing group at this location. He has deek at evaluating the request and
identifying the underlying issues. He has done@dgob of looking at several options
for the resolution of the issue, and, after evahgatach option, deciding on the best
solution. Identifying the best solution involveansidering cost, ease of
implementation, reliability, material availabilitgnd many other things. He has
demonstrated good management skills in prioritizagks, and directing people in the
whole process of resolving a Sustaining RequesadIBy is on track for meeting his
individual objectives for Sustaining issues, anelghoup objectives are also on track. In
addition to the main focus of the Sustaining grddiadley has kept up with the other
objectives required in the job. He has completetha required safety training, and has
kept all the training certifications up to datee 4 up to date on the Advance training, a
course of study that gives the new employee a gpasit understanding of the different
aspects of their job in Schlumberger. Bradleydwmapleted the objectives outlined in
his Internship program.

Signed: William E. Brennan llI
Project Manager
Sustaining, Reservoir Discipline

Schlumberger Sugar Land Product Center
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