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8 From the Aramco Newsroom

Upstream Professional Development
Center Staff Acknowledged
By Khalid A. Zainalabedin, Director, Upstream Continuing Excellence.

The Upstream Professional Development Center
(UPDC) team recently gathered at Salat al-Khaleej to
recognize the eﬀorts of Upstream professionals who
were involved with program development, technology
deployment and testing.
The four story building has state-of-the-art classrooms
to foster collaborative learning along with high-tech
drilling, virtual-reality and hyper-dimensional simulators that will enable young Saudi Aramco professionals
to progress in their careers while working for the company.
Because of the importance of the program to the company’s strategic objective, the UPDC started classes before completion of the structure, and the ﬁrst class had
already graduated before the completion ceremony.
“We are witnessing history in the making. This project
is a solution to Saudi Aramco Upstream business needs
for eﬃcient and eﬀective training,” said Khalid A. Zainalabedin, Upstream Continuing Excellence director.
“New methodologies in the training program capture
senior professional knowledge and impart it to young
professionals. They require diﬀerent disciplines to col-

laborate and communicate, forcing walls to dissolve and
enhancing workﬂows and decision making.”
Upstream senior vice president Amin H. Nasser pointed
out that the dedicated UPDC staﬀ has ensured that the
facility will provide an innovative learning environment
for all Saudi Aramco’s Upstream professionals while emphasizing the development of the next generation.
Strategic training in a new facility using the latest techniques and technologies, he said, is an important key
to recruiting and retaining talent in an environment of
intense worldwide competition.
Nasser was visibly pleased with the UPDC achievements
as he presented certiﬁcates to the leaders of the advisory, operations, technology and administrative teams
responsible for getting the center up and running.
“Both the training center and the development and deployment of the program could not have been achieved
without the continuous support of the Upstream line
organizations and the dedicated UPDC staﬀ. We wish
to thank you all for your hard work and look forward to
future success,” Nasser said.

This project is a solution to Saudi
Aramco Upstream business needs for
eﬃcient and eﬀective training.

From the Aramco Newsroom 9

R&DC Forum Focuses on
Innovation, New Ideas
By Saudi Aramco Staff.

More than 200 members of the Saudi Aramco technical and scientiﬁc community recently gathered for
the second annual Research and Development Center
(R&DC) Technical Exchange Forum under the theme
“Transforming R&DC Intellectual Capital into Added
Value.”
Throughout the two-day event, participants shared new
ideas, innovations and advancements, in seven core areas
including: Future Hydrocarbon Based Fuels; Catalysis
and Process Development; Biotechnology in the Oil Industry; Carbon-dioxide Capture, Utilization and Conversion; Advances in Hydrocarbons and Materials Characterization; Advances in Chemicals and Petrochemicals;
and Scale and Corrosion Mitigation.

removing large quantities of impurities such as nitrogen,
carbon dioxide and hydrogen sulﬁde. The pilot plant
was commissioned and tested at Shedgum Gas Plant.
Science Specialist and forum chairman Tony Rizk said,
“One goal of the forum was to provide important R&D
opportunities to share what’s new, exciting and cutting
edge.”
“For younger researchers, it’s learning more about areas
that might interest them in terms of future study for
advanced degrees,” he said. “For others, it’s sharing what
we are doing and learning from our colleagues. And for
those outside R&DC, it’s a chance to see how we are
taming technology for their speciﬁc applications.”

R&DC manager Omar Abdul-Hamid said, “As a research and development organization, such gatherings
are undoubtedly vital to our progression and success as
they provide opportunities for the exchange of ideas and
learning from each other’s experiences.”

Atef Al-Zahrani, a Professional Development Program
(PDP) engineer, found the event remarkable. “It oﬀers
me the opportunity to practice and share the knowledge
we have as a team and get feedback and suggestions from
attendees,” he said.

Abdul-Hamid highlighted three major and recent accomplishments:

First-year R&DC scientists Hassan Al-Jama and Mohammed Al-Abuallirat agreed.

• Laser Oil Fingerprinting (or DesertRay Technology).
DesertRay was developed in-house as a multipurpose
laser instrument that helps identify the ingredients of
blended crude oils as well as blended reﬁned products.

“Even though I work here, I can’t be aware of everything
that’s going on at R&D,” Al-Jama said. “This event let
me learn about projects and products R&DC is involved in and how they’re making contributions to the
company.”

• Online Salt in Crude Analyzer for Gas-Oil Separation
Plants (GOSP). The analyzer can perform salt-content
measurement automatically in harsh operating conditions. The prototype analyzer was tested in Ain Dar
GOSP-2.
• Gas Treating Membrane Technology for Natural Gas
Upgrading. This economical technology unlocks the
Kingdom’s huge reserves of sub-quality natural gas by

Al-Abuallirat liked the exposure to new ideas and activities – something he hoped would spark his interest and
lead to further exploration and an advanced degree.
Keynote speakers included Ingo Pinnau of King Abdullah University of Science and Technology, Gautam
Kalghatgi of Saudi Aramco R&DC, and Zain Yamani of
King Fahd University of Petroleum and Minerals.
www.saudiarabiaoilandgas.com
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USC Alumni of Arabia Chapter:
First in the Middle East
(from MEOS to MEOS)
By Karam Yateem, Organizing Core Team Committee Member, USCAA.

With more than 233,000 living alumni scattered
around the world, the University of Southern California (USC) Alumni of Arabia (USCAA), is truly emerging as the newest chapter in the region.
By December 2010, local USC graduates from over four
decades held their second dinner meeting in Dhahran

in an eﬀort to oﬃcially establish a USC alumni club in
the region.
The initial gathering, which took place in July 2010,
laid the groundwork in assembling the club with the
theme: Opportunities for Continued Professional Development and Personal Growth.

USC Alumni 13

Left: Generations of Saudi
Aramco USC graduates pose
for a memorial group picture.

Organized by Bahjat M. Zayed, Manager, Southern
Area Production Engineering, Saudi Aramco and core
team members (Ahmad Al-Kudmani, Aqeel A. Al-Sadah, Yasser A. Nughaimshi and Karam Al-Yateem); the
event was sponsored by Mohammad Al-Shammary,
President & CEO – Aramco Gulf Operations Company (AGOC) at the time and now General Manager
of Industrial Security Operations in Saudi Aramco.
Having hosted dinner meetings and established a local
database of alumni, a website is also under development with a biannual newsletter on the books called
“From Coast to Coast.” But the team is looking to the
future when the chapter’s activities will include knowledge sharing and dissemination, mentorship of current
students, and the exchange of ideas.

Dean of Viterbi Engineering School, Prof. Yannis C.
Yortsos, in 2009 during the 16th Society of Petroleum
Engineers/Middle East Oil & Gas Show & Conference
(2009 SPE – MEOS).
The need for such an initiative in the region was
keenly felt among those wishing to support the overall advancement of USC. Hence, it was decided that
the group would start with Saudi Arabia and expand
thereafter.

The regional chapter is the 21st Alumni club globally
and the ﬁrst of its kind to be established in the Middle
East, Africa, and India region. “Given that USC was
established in 1880 makes this quite an achievement.”
Bahjat M. Zayed said.

In addition to promoting warm reunions and new connections, the purpose of the event was to discuss ideas
for moving the club into a worldwide alumni network.
Zayed, as the ﬁrst organizing chairman, took upon
himself the task of setting up the Alumni Club. Zayed,
in accepting his role as chairman, said, “As a proud Trojan, I have always wanted to give back to the school.
I will work with the core team to develop a charter,
outline our vision, and articulate the path forward. We
will incorporate all of your suggestions and comments
as feasible,” he said, speaking to his fellow Trojans.

The idea of creating the USCAA chapter dates back to
a reunion function that USC graduates had with the

In acknowledging this, the second dinner meeting
for Saudi alumni addressed AGOC eﬀorts in meeting
www.saudiarabiaoilandgas.com
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With a strong tradition of
integrating liberal and professional
education, USC fosters a vibrant
culture of public service and
encourages students to cross
academic as well as
geographic boundaries in their
pursuit of knowledge.

the increasing world hunger for energy in a keynote
speech, delivered by Al-Shammary where he highlighted AGOC’s history, achievements and accomplishments.
The meeting itself started with cordial greetings of all
attendees, followed by welcoming remarks and club
status updates by Al-Kudmani.
For USC alumnus Ahmed M. Omair, this was more
than a formal get-together. “We sat together with
mixed feelings, met with dear friends and classmates,
remembering the school that held many of our pleasant memories,” Omair said.
USC is one of the world’s leading private research universities. USC enrolls more international students than
any other U.S. university and oﬀers extensive opportunities for internships and study abroad. With a strong
tradition of integrating liberal and professional education, USC fosters a vibrant culture of public service

and encourages students to cross academic as well as
geographic boundaries in their pursuit of knowledge.
The consumption, production and trade of oil and its
products – as well as the pivotal role of oil in energizing economies of both consuming and producing
countries – have fashioned the global economic and
energy issues for most of the twentieth century, and
are expected to continue playing an important role for
many years to come.
Therefore, this year’s 17th version of MEOS will be
the platform on which the club will hold its inaugural
oﬃcial event, an international reunion with participation of the distinguished Prof. Iraj Ershaghi, Director
of USC’s Petroleum Engineering Program, and Prof.
Craig W. Van Kirk, a fellow alumnus and special advisor to the President of the Colorado School of Mines.
In addition, the event will include the distribution of
the ﬁrst issue of “From Coast to Coast.”
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Talent Arrest and
Thought Leadership
By Khalid Al-Omairen, Manager, Northern Area Production Engineering & Well Services Department, Saudi Aramco.

There are many books with diﬀerent leadership qualities, attributes and styles that are believed to be indispensable for our technology evolving era to have the
right mindset leadership. However, an important and
rather critical individuality was unintentionally ignored. That is the passion to be a role model in creating
a platform for new ideas.
Successful leaders are extremely futuristic individuals
with a visionary mentality of things to come next. This
innovative person should share his/her ideas and insights with others to beneﬁt the organization as one
entity. This person is known as a “thought leader”, one
who goes a long way to set his/her organization apart
from others with a dynamic style to accommodate expectation and competition.
The concept of thought leadership involves the establishment of a resourceful work culture, with the constant simpliﬁcation of routine processes, and adapting
out-of-the-box approaches in anticipation of the possible complexity of future resolutions.
It is exciting to think of the future not just in terms
of challenges but also in terms of opportunities and
solutions. After all, what diﬀerentiates one leader from
another is not only the leadership style but also the
indulgence of being an observer and interpreter of the
surroundings that always excite change accordingly. It
is the intellectual focus that a leader should acquire to
observe an event to come up with lessons learned for

excellence. This capability is the basis for any business
transformation.
My modest deﬁnition of transformation is our ability
to evolve our thinking and modernize resources, with
clear lines of managerial sight to drill down and drive
the right behavior, which is deﬁned as beneﬁting both
the employee and the organization.
Thought leaders believe that we are living in an information era of knowledge abundance. Therefore,
the creation of a totally diﬀerent future that simpliﬁes routine processes is only possible through gaining
the appropriate knowledge to adopt new practices and
transform current ones. New ideas are produced and
eﬀectively put into perspective only when operating
principles are well understood. For example, in understanding a new technology, thought leaders don’t only
communicate with subject matter experts, thought
leaders conduct ﬁeld assessments while getting insights
from others who have employed this technology.
Thought leaders then orient the technology to their organization’s requirements. Furthermore, thought leaders counsel international expertise and only adopt at-alarge-scale best practices when knowledge has become
valuable enough to complete a process. The success of
such partnership has resulted in several implementations that have improved safety, enhanced reliability
and reduced cost associated with a direct business impact. The key success factor is their acceptance of learn-

Thought Leadership 17

... in understanding a new
technology, thought leaders don’t
only communicate with subject
matter experts, thought leaders
conduct ﬁeld assessments while
getting insights from others
who have employed this
technology.

ing from mistakes, which enables thought leaders to
build on success and search for best practices.
One of the basics for such a transformation is knowledge sharing. Globally, the key enablers for successful
sharing of experiences, best practices transfer and establishing a creative work environment include:
• Willingness of juniors to learn.
• Ability and capability of seniors to teach.
• Work environment and culture intrusion.
• And most importantly, documentation and easiness
of accessibility to knowledge.
Thought leadership is always complemented with talent capture and keep for a victorious strategy to cre-

ate the environment for business transformation. Such
futuristic leaders are rare commodity for the constraint
to be instinctive, intellectual, well experience and dynamically adaptive to change. Experience is very crucial for this leadership to easily be a mind stimulant offering ﬁrst-time business solutions. The experience will
not only help him/ her to conﬁdently promote new
ideas, but also build wisdom to earn respect, credibility
and inﬂuence. These leaders ought to be experienced
and smart enough to be role models in problem solving
and collaboration – with counterparts – for sustainable
continuous improvement.
Thought leadership depends on fast learning and
knowledge sharing, both external and/or internal, with
a unique capability of producing lessons learned. These
www.saudiarabiaoilandgas.com
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leaders rely on systematic approaches to reach the best
conclusion. This approach will be a success only if the
leader demonstrates conﬁdence and support, and articulates the ideas with enough clarity that they can be
converted into actions.
Additionally, thought leadership is best described as the
ability to teach fast to solve predicaments or to improve
employee readiness for a competitive future. Creativity
for sustainable business excellence is the trademark of
an organization with this leadership style. It requires
inventiveness to integrate knowledge and people for
best results.

challenges in the short-, medium- and long-terms as
complexity is rising.
This issue was identiﬁed by Amin Nasser, Saudi Aramco’s senior vice-president of Upstream, in his address
to the Dhahran Geosciences Society (DGS) during a
monthly dinner meeting in 2008. In his speech titled
“75 Years Past to 75 Years Ahead: A Journey of Discovery,” he identiﬁed the four main challenges: natural
resources, human resources, technology and reservoir
stewardship. These challenges can be met by thought
leadership and its natural attraction to those who want
to make a diﬀerence.

In fact, Saudi Aramco will need to tackle the future

Finally, operational departments within Saudi Aramco
are the best candidates for thought leadership. These
organizations are running critical operations that demand continuous improvement as facilities age and
processes become more complex. Deployment of new
technologies is gaining momentum at all times to
streamline processes. We must ensure that our leadership styles continue to improve as well.

Khalid Al-Omairen has 25 years
of experience in the Oil & Gas
industry. His ﬁrst assignment
right after graduation was with
Production Engineering for
Aindar Field in 1986. Later on,
he worked as a Foreman and
a Superintendent for several
oﬀshore and onshore facilities, including Northern
Area Oil Operations (NAOO) Well Services Divi-

sion. Currently, Khalid is the Manager of Northern
Area Production Engineering & Well Services Department. He has a unique passion to create a work
culture – attached to continuous simpliﬁcation of the
routine through the adaptation of new technologies
and process improvement – that is proactive and ﬂexible enough to accept change and resist returning to
old time thinking. Khalid received his BSc degree in
Petroleum Engineering from the University of Louisiana, Lafayette, LA.

The best example of such a paradigm shift, retaining
our name as a best practices company, is the celebration of the 100th patent of Saudi Aramco in December
2010. The company was granted 125 patents in 2010
and 14 patents in 2011. In addition, there were 57 patent applications in 2011.

20 Steamflooding at Wafra

Production at the First Eocene Large Scale Pilot for the Steamflood Project at Wafra Joint Operations in the onshore Partitioned Zone
increased more than six-fold over the pre-steam baseline in direct response to steam injection of its 25 producing wells.

Steamﬂooding of the heavy oil carbonate reservoirs at
Wafra Joint Operations in the onshore Partitioned Zone
(PZ) between Saudi Arabia and Kuwait is advancing towards the ﬁrst commercial application of a conventional
steamﬂood in a carbonate reservoir, with the progress
of the Large Scale Pilot for the First Eocene Steamﬂood
Project (1E LSP) and ongoing modeling and other studies. By year-end 2010, 1E LSP had recorded an impressive greater than six-fold jump in production compared
to its pre-steam production baseline and demonstrated
increased production in direct response to steam injection.
Steam injection testing in the Second Eocene reservoir
also began with a four-month Small Scale Test (2E SST)
completed in early January 2011. Budget has been approved for a Second Eocene Large Scale Pilot (2E LSP)
that will use existing steam generation and other surface
facilities at the 1E LSP site. The 2E LSP is scheduled to
be operational by mid-2013.

First Eocene LSP: Impressive Response
From a nonsteam “cold production” baseline of around
200 barrels per day, production by year-end 2010 in the
1E LSP was boosted to an average 1,500 bopd, and peaked even higher, the result of a combination of continuous steam injection over 18 months into the pilot’s 16
injector wells and cyclic thermal injection into selected
wells. “There is a clear correspondence between injection
and production. When we are injecting steam, we are

increasing production,” says David Barge, 1E LSP Manager. “We have not calculated recovery yet, but we saw a
good production response in this very early stage.”
In January, 1E LSP commenced a planned shut-in for
a number of months to recomplete the steam injection
and oil production wells to the B zone, a higher zone in
the reservoir, and carry out planned modiﬁcations and
repairs to the surface equipment. Chevron engineers
and geoscientists continue to evaluate reservoir conditions, performance to date, and the reaction to steam
injection during this time to help them zero in on the
best alternative for steamﬂooding.
Simultaneously, the 1E SST continues to yield valuable
insights for developing eﬀective mitigation measures for
dealing with scale buildup in wells following the steam
breakthrough and downhole corrosion from the hydrogen sulﬁde in the oil. Data from the 1E SST is reducing
the technical and economic risk and uncertainty for full
ﬁeld steamﬂood development (FFSF) so that a ﬁnal investment decision (FID) can be made in late 2013 and
start up of steam injection in 2017.
“We continue to pass positive signposts in all our pilots,”
observes Bill Higgs, SAC Senior Vice President-Operations. “With these ‘ﬁrst of a kind’ pilots, there’s not a
sudden point where we declare victory, but what we’re
gaining is information that’s being fed every day to the
full ﬁeld project team-- and this is one of the reasons
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why we’re running our Full Field
Development Project in parallel
with the LSP. We’re narrowing
the range of outcomes to a point
where we can be conﬁdent to
make the FID.”
Since ﬁrst steam injection in June
2009, the 1E LSP team and FFSF
Phase 2 Development team have
been determining recovery eﬃciency and production response,
monitoring variability of response
by pattern, identifying operating
issues associated with a carbonate reservoir, and determining the
cost of installation and operation.
The $340MM pilot includes 25
producer wells, 16 steam injection
wells and 16 temperature observation wells, in 16 patterns. As of
the end of 2010, the project had logged over 4.6 million
man hours without a lost time incident.

Second Eocene: Good Steam Injectivity
Steam injection for the 2E SST at Wafra commenced in
September 2010 and continued as planned for its single injector into early January 2011. Results from the
steam injection test were positive as test data demonstrated good steam injectivity for the reservoir. Cyclic

Left: The Second Eocene Small Scale
Test for the Steamflood Project has
demonstrated good steam injectivity
for the Second Eocene reservoir, and
testing results will be use in the design of the Second Eocene LSP.

steam stimulation response tests
are being carried out, and their
results will be used in the design
of the 2E LSP.
The 2E LSP is currently in pilot
design, with steam generation
and other surface equipment for
it to be provided by current 1E
LSP surface facilities. Drilling of
its 24 producers, 7 injectors and
12 observation wells is scheduled
to start in 2011, and full injection rates achieved to be during
the second half of 2013.
Reservoir simulation modeling and analysis, the running of various economics scenarios and development
of a prioritized opportunity catalog of future thermal
pilot tests are now underway for the 2E LSP by the Wafra JO Thermal Team in Houston, TX. The team is also
tasked with scoping out and developing implementation
plans for building the organizational capability required
for FFSF.

LSP autotechs and operators troubleshoot an electric control valve actuator for process water for the LSP
water plant.
www.saudiarabiaoilandgas.com
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Produced water is cleaned to a high purity in the two evaporators of the water plant for the First Eocene Large Scale Pilot before
being converted by its 10 steam generators into high purity steam for injection in the field’s First Eocene reservoir.

Full Field Steamflood: Mammoth Scope
FFSF entails many critical strategic design decisions with
far-reaching implications for production and project
economics. The envisioned scope of the project is huge:
An estimated total of 10,000 wells will be required for
steam injection, temperature observation, and production, along with stand alone power and steam generation
and other vital surface equipment. When developed,
the Wafra FFSF is forecast to be the largest steamﬂood
in the world.
With about three to six barrels of steam required to produce one barrel of oil, fundamental decisions on sourcing water and fuel to produce the mammoth volumes of

high quality steam required will be critical for the commerciality of the project. Already, Chevron-led teams
are seeking to secure sizeable, long term supplies of the
fuel, water, and electricity required for generating the
vast quantities of steam required for FFSF.
The steamﬂood project will transform operations in
the onshore PZ and shape its destiny for decades to
come. It promises to increase recovery by an order of
magnitude, based on intensive ﬁeld studies, modeling,
steamﬂood pilots now underway and in development
for the future at Wafra, and Chevron institutional expertise as the world leader in heavy oil, including steamﬂooding.
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Chevron has employed steamﬂooding for more than 50
years in the San Joaquin Valley in California (see sidebar)
and 30 years at Duri Field in
Sumatra, Indonesia, to boost
recovery from 10 percent to
50-80 percent of the originaloil-in-place, and more than
two billion barrels of oil from
each.

Full Field Development:
Transformative Potential
Clearly, the potential is huge.
Net original-oil-in-place of
around 18 billion barrels
of Eocene at Wafra is actually more than double that
at Duri, so the expectation is
that a FFSF at Wafra for the
First Eocene alone will recover
considerably more barrels of
oil than the one at Duri. Estimates of steam ﬂood reserves
potential are about 20-40% of
the targeted reservoir’s oil-inplace. It’s estimated that each
1% increase in the recovery
rate at Wafra will yield 100
million barrels in additional
reserves.

Arabian Chevron President Ahmed Al-Omer. “Forty
Saudi and Kuwaiti nationals acquired skills and experience through an 18-month classroom and ﬁeld training
program at Chevron’s steamﬂood operations in California for young steamﬂood operators, technicians and
shift supervisors. Dozens of others have been gaining
valuable experience and skills through long term global
work assignments with Chevron operating locations and
the Heavy Oil Center in Bakersﬁeld, CA, and the Phase
2 FFSF Project Development team in Houston.”
As The Financial Times noted in a December 2010 article on steamﬂooding in the PZ, “The tiny ﬁeld represents big hopes on the part of Chevron.” The prize at
Wafra alone is indeed great. But beyond the PZ, some
estimates suggest as much as 60 per cent – and possibly more – of the world’s remaining hydrocarbons are
locked in carbonate reserves, many in the Middle East.
On a similar scale, an estimated 50% or more of the
world’s remaining hydrocarbons are heavy/extra heavy
oils-again, much of it in the Middle East – only 10% of
which has been produced to date.

Continuing with primary,
nonsteam recovery of the
Eocene reservoirs is estimated
to recover only 5%-12% of the original-oil-in-place,
with the First Eocene at the lower end and the Second
Eocene at the higher end. It’s become increasingly difﬁcult to ﬁnd promising new prospects and maintain
production from existing wells employing only primary
production at Wafra.
FFSF promises to generate thousands of jobs for skilled
personnel in the PZ, and depending on additional application of Chevron’s technology in carbonate reservoirs
outside the PZ, tens of thousands of jobs around the
Middle East as production rises and useful ﬁeld lives are
extended by multiple decades.
“Already, the development of steamﬂooding at Wafra is
promoting technology transfer and development of local expertise and organizational capability,” notes Saudi

An LSP specialist and operators compare treated water from the
LSP water plant evaporator to untreated produced water. The
specialist previously was one of the mentors for the 18-month
field and classroom training at Bakersfield, California, in which
the operators participated.
www.saudiarabiaoilandgas.com
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“The recent precedents set by the technology breakthroughs for producing extra heavy oil and shale gas
make it apparent that such previously overlooked resources as the heavy Eocene of Wafra’s carbonate res-

ervoirs can become economic to produce,” says Higgs.
“To top it oﬀ, we know where the oil is – the ﬁeld area
and the net oil-in-place are huge. Clearly, steamﬂooding
success in the PZ promises to be a game-changer.”

Chevron’s Heavy Oil Steamflood at Bakersfield
In the late 1960s, steamﬂooding boosted output sevenfold at California’s Kern River Field. Today, reservoir
surveillance, 3D reservoir modeling and horizontal drilling are extending the heavy oil ﬁeld’s economic life for
years to come.
Steamﬂooding involves injecting steam into heavy oil
reservoirs to heat the crude oil underground, reducing
its viscosity and allowing its extraction through wells. In
addition to employing this enhanced oil recovery technology to produce heavy oil from sandstone reservoirs
at Kern River for 50 years, it has been applied at Duri
in Sumatra, Indonesia, for 30 years, and now is being
tested in the carbonate Eocene heavy oil reservoirs of
the onshore Partitioned Zone between Saudi Arabia and
Kuwait.
Discovered in 1899 and estimated to hold over 3.5 billion barrels of original oil in place, Kern River Field near
Bakersﬁeld, in California’s San Joaquin Valley northeast
of Los Angeles, was a sleeping giant until the late 1960s,
when steamﬂooding began and production ramped
up from 19,000 bopd to over 142,000 bopd by the
mid-1980s. For most of the period between 1980 and
2000, steamﬂooding sustained daily oil production over
120,000 bopd.
Kern River remains one of the largest heavy oil ﬁelds in
the US, still producing about 78,000 bopd. The ﬁeld
produced its 2 billionth barrel of heavy oil in 2007, and
more than 20,000 wells have been drilled. Since the
1990s, continued innovations have enabled further improvement in reservoir recovery, reducing production
decline rates and extending the life of the ﬁeld.
With nearly 50 years of steamﬂood history, Kern River
Field has served as a natural laboratory for the development and reﬁnement of completion and reservoir management technologies for steamﬂoods. Following the
successful use of bottomhole heaters and a short period
of hot water injection, steam injection testing was initiated in 1962. This breakthrough in recovery technology

initially took the form of cyclic steaming of producing
wells. Starting in the late 1960s, full steamﬂood development was implemented, with dedicated steam injector wells drilled in the center of groups of four or eight
producing wells typically drilled in patterns covering
roughly 2.5 acres.
Due to the long history of steamﬂood operations in
Kern River Field, there is abundant performance data on
steamﬂood response, both production information and
reservoir surveillance data. This information has been
used to develop prediction tools used for forecasting
performance in new steamﬂood developments in Kern
River Field and in analogous sandstone reservoirs.
Other tools employed include recording measurements
of one or more physical quantities versus depth or time,
or both, in or around wells in a reservoir, such as oil saturation and ﬂuid drainage; dedicated temperature observation wells to monitor the oil recovery process with
temperature and other surveys; and use of 3D geostatistical modeling techniques and full-ﬁeld reservoir models
to visualize static and dynamic reservoir data.
Chevron’s International Heavy Oil Center research facility, located at Kern River Field, further enables collaboration and testing of new tools and technologies to
enhance recovery for the ﬁeld and other heavy oil assets
around the world.
Today, continued innovation and application of technology in steamﬂooding, reservoir surveillance and
3D reservoir modeling have enabled Kern River Field
to produce more than half of the original-oil-in-place
and continue to provide signiﬁcant production and
long-term value to the operator. Through the use of
these technologies, Chevron has developed eﬃcient heat
management practices that are industry-leading and enable steamﬂood oil recovery at reduced costs. These heat
management practices will enable the ﬁeld to continue
to produce for many more years, maximizing recovery
and reaching the full economic potential of the asset.
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Innovative Applications to Enhance the
Performance of the Oil & Gas Industry
By Karam Al-Yateem; Saudi Aramco.

Presently; 50,000+ hydrocarbon ﬁelds have been discovered and explored. In today’s uncertain environment, deeper and more complex formations and unconventional reservoirs need to be explored and carefully
produced. These ﬁelds are progressively becoming marginal in hydrocarbon accumulations. Currently, conventional techniques yield less than 50% of producible
oil in place. Therefore, the success of the Oil & Gas
(O&G) industry and the ability to deliver the current
and future energy requirements are greatly dependant on the continued ability to push the envelope of
technology. Intelligent ﬁelds and smart wells are new
technologies that will improve recovery. The implementation of technological advancements results in a
positive impact on ﬁeld performance such as extending
the production life of wells, perfecting sweep eﬃciency
and eventually maximizing the oil recovery in real time

fashion. The real challenge, however, is to extract the
maximum possible amount of hydrocarbons from the
ground smartly, eﬀectively and eﬃciently, ﬁnd every
last commercial barrel yet to be discovered and expand
the recoverable base.

Smarter Well Completions for Optimal
Hydrocarbon Extraction
Not too long ago, vertical wells were dominant in the
industry followed by slanted drilling. Then came horizontal drilling followed by multilaterals and multizone
drilling, and completions with maximum reservoir contact (MRC) laterals and extended reach wells (ﬁgure 1).
These advancements in drilling, articulate further optimized ﬁeld production or injection programs, improving
reservoir performance, achieving higher extraction ratios,
and reducing ﬁeld development and intervention costs.

Figure 1: New horizon of multilateral extreme reservoir contact drilling: courtesy of Saudi Aramco.
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Engineers cannot use sound
judgments and make quicker
informed decisions without
intelligence of what is going on
in the reservoir.

This, very expensive drilling and well completion procedure, can easily be economically justiﬁed with the
overall improvement in reservoir performance and
increased recovery. Engineers cannot use sound judgments and make quicker informed decisions without
intelligence of what is going on in the reservoir. For
example, if for a multilateral well; the water invades

one of the laterals; the overall well performance will be
aﬀected greatly by the increase in water cut. Alternatively, if internal control valves (ICV) exist along with
sensors that can predict the water movement, better
and more proactive reservoir management can be made.
Hence, the integration of Intelligent Well Completion
(IWC) with the installation of permanent monitoring

Figure 2: Smart systems data collection, processes and utilization.
www.saudiarabiaoilandgas.com

|

SA O&G Issue 22

28 Innovative Applications

The fundamental requirements for a
smart system to exist are downhole
control, permanent monitoring
systems and sensors, surface
monitoring and control, zonal
isolation devices, power and
communications, automation and
control of data acquisition,
management software and system
accessories.
devices serve as the economic justiﬁcation path between
sophisticated drilling procedures and complicated well
completion, and exploring and producing hydrocarbons
from conventional mature oilﬁelds and unconventional
reservoirs. Thereby, IWC can be deﬁned as the process
of making a well ready for production (or injection)
with assembly of downhole tubular and sensor equipment for the purpose of enabling safer, smarter, more

Figure 3: Desirable actions of smart systems.

eﬃcient, more eﬀective, more economic and optimal
production or injection from an oil, gas or water well,
in a timely manner. The fundamental requirements for a
smart system to exist are downhole control, permanent
monitoring systems and sensors, surface monitoring and
control, zonal isolation devices, power and communications, automation and control of data acquisition, management software and system accessories.
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Soft computing methods provide
the ability to manage and analyze
vast quantities of data, a task
that would not be possible with a
manual system.

A Synergetic Integration
The deployment of smart completions and permanent monitoring systems enables real-time monitoring and control of the subsurface and surface equipments through systems like Supervisory Control and
Data Acquisition (SCADA). The successful integration
of intelligent well control to the SCADA console provides the ability to control the downhole valves while
simultaneously monitor data from the downhole sensors and multiphase ﬂow meters on surface. Huge
amounts of data are transferred every second and must
be constantly interpreted so that proper decisions can
be made on time. Critical decisions are often delayed
in the process of attaining better data understanding
and explanation. Soft computing methods provide the
ability to manage and analyze vast quantities of data, a
task that would not be possible with a manual system.
This ability results in a system that uses real time monitoring data and detects the current ﬁeld conditions,
anticipates ﬁeld requirements and makes decisions in
a timely fashion under the overall supervision of engineers. The result isappropriate data management, leading to the best possible usage of the huge volume of
ﬁeld information gathered (ﬁgure 2).
Real-time communication minimizes downtime and
production loss. It also reduces safety concerns by minimizing onsite personnel visits and handles systematic
precautions. The main elements of intelligent ﬁelds are

ﬂow monitoring, ﬂow control and ﬂow optimization
(ﬁgure 3).
Limitations for eﬀective and eﬃcient smart systems
with some variation for each factor from one company
to another include: (1) cost of technology, (2) trained
manpower, (3) mature ﬁelds, (4) hot, harsh, deep, remote environments, (5) integration of operations (surface and subsurface) and (6) power and communications. The direct beneﬁts obtained from the utilization
of intelligent well technology in particular, and employment of new technologies in general, can be summarized as follows:
• Increase hydrocarbon recovery eﬃciencies through
more insightful management of reservoir injection
and production processes and real time data acquisition.
• Augment, accelerate and optimize production. Improvement in reservoir performance, productivity index and lengthening of decline curve plateau.
• Reduce capital expenditure (CAPEX) via developing
assets with fewer wells.
• Reduce operating expenditure (OPEX) by reducing
intervention and producing less water.
• Reduce health, safety and the environment (HSE)
exposure by helping the operators to remotely
optimize production without frequent visits and
interventions.
www.saudiarabiaoilandgas.com
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Intelligent wells and completions have been around
for 10+ years; the number of installations has been
growing fast around the world and is estimated to
be in excess of 900. Many National Oil Companies
(NOCs), International Oil Companies (IOCs), Educational Institutions (Stanford and University of
Southern California “USC”) and Service Companies
are investing time, money and eﬀort in the Intelligentﬁeld concept. Saudi Aramco has a very advanced Intelligent-Field program that was manifested clearly in
Haradh-III increment and many other ﬁelds like Abu
Hadriyah–Fadhili–Khursaniyah ﬁeld (AFK) with wells
equipped with remotely operated chokes, emergency
shut-down systems, permanent downhole monitoring
systems, compact multiphase ﬂow meters and variable
speed drive pumps where applicable. Chevron calls it
the i-ﬁeld™ program and has an educational collaboration with USC through the Center of Interactive Smart
Oilﬁeld Technologies (CiSoft), Shell names it smart
ﬁelds. Norway’s Statoil refers to Smart wells and it is
called the Automation and Smart Field by Abu Dhabi
Company for Onshore Oil Operations (ADCO).
The Smart Fields Consortium run by Stanford has

many contributors (Saudi Aramco, British Petroleum
“BP”, Norwegian University of Science and Technology “NTNU”, IBM, Total, Baker Hughes, Chevron, etc.). IBM calls it the intelligent oilﬁeld and has
opened ﬁve facilities focused on the global oil and gas
industry to provide ways to help petroleum producers
test and use new technologies that will lower costs and
make oil recovery easier, and more eﬃcient and intelligent.
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Step Change Technology
for Running Tubulars
By Lance Davis, Deep Casing Tools Limited; Abdulaziz Al-Othman, Gotech Limited.
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Abstract
Oil and gas well construction requires the installation
of tubulars at a speciﬁc depth, prescribed for reasons of
mechanics, formation pressure and wellbore integrity
or accessing reserves. Deepwater construction has an
additional need to also land all strings in the subsea
wellhead with precision. The industry has recognized
this signiﬁcant problem for some time. There have
been many instances of failed well programs where
critical depths have not been secured. A step change
technology solution has been created to reduce well
construction risk, applicable to all casing strings, liners
and completion strings.
An elegant solution has been created with a new family
of tools based upon a unique mud motor. Exceptionally, the motor can be drilled up using a normal poly-

crystalline diamond cutter (PDC) bit in minutes, and
for any intermediate string, the cemented shoe track
and motor are drilled with the next bottom hole assembly (BHA). The result is a time saving, practical,
cost-eﬀective solution which can be systematically applied to ensure all tubulars are placed on depth.
Similarly, with the advent of complex, expensive completion systems, there is an absolute necessity to land
on target. An ideal solution also eliminates the need
to rotate the completion string. One of the new technologies does this, and provides a gun barrel borehole
right in front of the completion. Results of applying
this technology are presented in this paper.
To date the technology has provided a new approach
to running tubulars, and mitigating operating risk. It
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Figure 1: Root Cause Analysis.

provides a signiﬁcant boost to ensure well integrity
and has clearly demonstrated the ability to recover collapsed hole and land completions across the entire reserves section, delivering an outstanding return on the
technical investment.

1. Introduction: Solving an Important
Industry Problem
Adverse well bore conditions, instability, irregularity,
doglegs, ﬁll etc., often result in ineﬃcient and incomplete casing running operations, both in terms of costly
non-productive time and potentially lost production.
If the rig is equipped to do so, it may be possible to
overcome such problems by reaming. However, as casing strings get longer and heavier, and for rigs without
a top drive or where other factors lead to a limited abil-

ity to rotate the casing, there is currently little option
but to accept that casing placement problems are just a
“cost of doing business”. The industry problem is quite
clear, but there do not appear to be Key Performance
Indicators on the percentage of casings run to 100 per
cent of target depth. Recent events in the Gulf of Mexico and elsewhere also emphasize well integrity, ensured
in part by following the plan, landing casing on depth,
and obtaining a well cemented tubular.
Much investment has been made to develop new and
improved drilling and completion technologies, but
the same cannot be said of investment in this fundamental operation – the placement operation. Certain
ﬁelds, certain formations, certain depths generate perennial casing landing issues, but in reality all ﬁelds have

Figure 2 (top): Reamer System
Figure 3 (bottom): Drilling of Cemented Motor &
Reamer System
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Figure 4: Drillable Reamer, Stabiliser and Power Module.

Figure 5: Design Iteration.

records of landing casing oﬀ depth. This shortcoming
seems to occur despite best eﬀorts in mud technology,
circulation methods, dog leg minimization and centralization system.
There is always a common thread, a root cause, exempliﬁed in Fig. 1, where failure to land 9⅝˝ casing eventually lead to loss of a North Sea well.
Cost of failure to run the casing to the design depth
comes from many sources, including cost of drilling
the unused hole, cost of running, pulling and rerunning casing, cost of any subsequent casing plan revi-

sion. There are the associated risks, including as a minimum the risk of landing above geopressure plan depth,
the risk of drilling through unused rat hole, notwithstanding the risk of reputation damage of failing to deliver to plan.
Given that industry recognition of this problem is often reluctant, the process of introducing new technology to the industry must be well managed. Adoption
of new technology is not an automatic step. From the
start of the technical development it was planned to
introduce some broad conditions in order to promote
easy adoption. These conditions became constraints,
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Figure 6: CFD EStimates.

which proposed that for best acceptance it would be
ideal to provide a system that allowed conventional
drilling of the well, conventional casing running and
cementing, and that was not only fundamentally easy
to use but also applicable to any rig type or size. There
were more important operational goals; of primary
importance the design must not introduce any risk to
the existing well control or casing running process, and
ideally, for reasons of safety there should not be additional personnel required to operate said equipment.

2. Proposal
Hence, as an alternative to casing while drilling the
entire well section, it was decided to provide in situ
reaming right at the point of casing running, with a
downhole motor that did not need retrieval. The ﬁrst
concept plans were drawn in early 2007, and received
a government sponsorship funding the launch of feasibility studies.
The proposed concept comprised the provision of a
sacriﬁcial mud powered motor, with a speciﬁc life, integrated with a drilling or reaming shoe assembly. The
critical feature of this concept is that the motor will be
manufactured with materials which enable a drill bit
to easily and readily drill-out the product in a similar
fashion to a cement plug.

The schematics of Fig. 2 and Fig. 3 show the concept.
This progressed to the tool mockup of Fig. 4, where
the principal system components are outlined as
follows;
A. Top Sub – Joins the tool with the end of the string
via proprietary joints. This section can house telemetry
to transmit key information such as torque, compression or directional information.
B. Mud Motor – There are a number of mud motor
types, each with diﬀerent torque, power and speed
characteristics (e.g. axial ﬂow turbines, positive displacement motors, etc.)
C. Drive Shaft is integral as one piece component –
provides rotation and power to the cutting structure.
D. Near bit Stabilizer – lifts and centres the casing/
completion string to the middle of the borehole
E. Circulation Valve –to ensure that mud or cement
can be circulated after placing the casing at depth.

3. The Design Conundrum
The parallel technical and economic challenges became
very clear. The design had to realise an economically
viable product, based on the need for a low-cost, disposable product with a limited life. The motor had to
deliver adequate design torque and speed for a speciﬁed
period. Design life beyond the expected set goals
www.saudiarabiaoilandgas.com
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... the failure mechanism of the
material, during the subsequent drill
through process and independent of
the type of drill bit, had to be
considered and be predictable to
ensure that the drilled material is
then capable of being pumped back
to surface without causing further
remedial operations.

would be a waste, as the motor would be destroyed
in the normal course of action. The entire assembly
had to be drillable by a PDC bit which can then drill
ahead onto the next section. Whereas most oilﬁeld drilling equipment is designed and improved over many
years to yield an ever demanding mean time between
failure and a low cost maintenance cycle, the design
requirement of this proposed technology is to design f
or a speciﬁc life, and leave as little residual value as
possible.
As a consequence the three areas of iterative technical
work are shown in Fig. 5.

4. The Design Method
Motor Design/Layout & Arrangement:
Selection of optimal hydraulic motor design was pivotal, as this set the overall assembly dimensions, power

limitations. The following work packages were actioned:
• Research and initial engineering studies into motor
options; leading to a high level motor speciﬁcation.
• Design for drill through – The motor had to be
constructed with materials drillable during a subsequent drill though operation. In addition, the failure
mechanism of the material, during the subsequent
drill through process and independent of the type of
drill bit, had to be considered and be predictable to
ensure that the drilled material is then capable of being pumped back to surface without causing further
remedial operations.
• Design axial and thrust bearings to allow the motor
and cutting structures to freely rotate with the adjacent
non-rotating parts, and with the option of also being
drillable.
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Figure 7: Prototype in Test tank.

Figure 8: Prototype on Dynamometer Bench.

Figure 9: Dynamometer Output.

• Design cutting structure geometries for the reaming
shoe. Blade geometries and material selection had a
fundamental impact on this novel concept. The design
torque for reaming was clearly less than that of drilling
the original hole, the cutters had to take small cuts to
ensure circulation to surface, there could be no tendency of the reamer bit to establish new hole, and the
entire system had to be drillable.
Hydraulics & Power:
It was critical that the entire assembly produce suﬃ-

cient power to rotate the cutting structure to enable
the drilling or reaming away of any downhole obstructions. The following work packages were actioned:
• Engineering work to assess suitability of motor design and optimization of hydraulic and mechanical
engineering to maximize start up torque and power
characteristic within a short assembly.
• Technical and economic assessment of options associated with the power drive mechanism for the cutting
structure.
www.saudiarabiaoilandgas.com
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Figure 10: Test Rig.

Figure 11: Dummy Turbine.

Figure 12: Drill Cuttings for Analysis.

• Computational ﬂuid dynamics (CFD) modelling of
the pressure drop across each component, subsystem
and through the entire system to assess operating performance under diﬀerent surface pump ﬂow rates. An
example of theoretical torque generated by CFD modeling is shown in Fig. 6.

Material selections:
• Conduct research leading to key materials selection,
assessing beneﬁts and limitations of using soft malleable materials (e.g. aluminum, leaded bronzes, plastics
etc.) versus ultra brittle materials which shatter upon
impact (e.g. ceramics, plastics, glasses). Tests were
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In order to prevent in-house
engineering work to be done in
isolation from the eventual users,
the joint industry program
established with one operator
funding provided direct access to
drilling engineers and operator
QA/QC systems.

made on a range of malleable materials to produce ﬁne
swarf from a drill through operation, and brittle materials which shatter into sized particulates in a similar
way to windscreen glass.
• Assess design layout conﬁgurations for likely bit wear
from the drill through operation and to guide the drill
bit through the sacriﬁcial structure. Optimize the design for minimum parts, thus minimizing potential areas of risk. Optimize the mechanical shape of all parts
to improve drillability.
• Evaluate and select optimum bit type based on the
above.

5. The Prototype
In order to prevent in-house engineering work to be
done in isolation from the eventual users, the joint industry program established with one operator funding
provided direct access to drilling engineers and operator QA/QC systems. Regular meetings were held with
drilling staﬀ to critique the design, and establish performance goals. The initial goals were set to provide
reaming time for at least 20 hours, a torque capacity of
1500 ft-lbs with a high speed reaming action of up to
800 rpm. The drill out time was set at 6 hours, a ﬁgure

based on a reasonable spread rate cost versus the beneﬁt gained by landing the casing on depth. Prototype
tools, with a maximum design length of 16 feet, were
constructed to join directly with casing joints.
There was signiﬁcant debate on the amount of torque
required in a reaming tool. In traditional methods,
turning the casing or drill pipe from surface can lose
signiﬁcant power due to frictional losses delivering an
unknown torque at the reamer shoe, if any. The maximum available torque from down hole drilling motors
varies with manufacturer, but it was considered that
that adequate torque at the cutting face would be
6000–8000 ft-lbs to drill virgin formation at rotational speeds of 100-150rpm. It was then assumed that
to clean the hole of collapsed, mechanically weak debris, and to ream the face of a swelling salt or shale
would be 20 per cent of the maximum original drilling
torque. The power of any downhole system is deﬁned
as torque multiplied by rotational speed, and is obviously dependent on the hydraulic capacity of the
rig pumps. Thus for a given hydraulic power supply,
the prototype should possess a high speed reaming
action.
www.saudiarabiaoilandgas.com
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Figure 13.

Figure 14.

Flow tests were carried out in Aberdeen (Fig. 7) pumping ﬂuid through the prototype tools to test both longevity and durability of bearings, and to measure the
pressure drop through the tool. The mud used in ﬂow
tests was a standard oil based mud, with 18 per cent
solids, and a lime content of 1.2 pounds per barrel.
Flow tests, even with CaCO3 laden mud systems demonstrated that the tool would not suﬀer erosion, but
the ﬂow tests also showed that the major design issue at
that stage was thrust bearing wear. An engineering action plan was launched to remedy the bearing design.
Dynamometer tests (Fig. 8) were also carried out in a
similar fashion, but with water as operating ﬂuid, to
check that CFD estimates of torque, rotational speed
and pressure drop matched the real ﬁgures. Early results proved that within 10 per cent the CFD estimations on torque were reliable. A typical output plot of
torque, rpm and ﬂow is given in Fig. 9.
Drill through tests, performed on a small land rig
(Fig. 10), demonstrated that drilling rates of 2cm per
minute, well within the target limits, were achievable.
The dummy turbine shown (Fig. 11) is an example of
models that were used for practical testing. Drill cuttings were gathered to look at the form of the cutting,

which varied with cutting speed and temperature (Fig.
12). Material is one factor, but better results were also
obtained where the material was discontinuous or contained designed upsets such as in the rotor blades. The
early prototype was made with a composition of materials, primarily aluminium, and the obvious concern
was the eﬀect of drill bit smearing the heated aluminium and reducing the cutting eﬃciency. A second engineering plan was launched to improve drillability.
The high speed proposal was coupled with a reamer
shoe possessing commercial PCD inserts with small
diameter. The small diameter was selected to produce
ideally small cuttings while reaming, to improve the
capacity of the circulation system to carry debris and
ﬁnes back to surface. Fluid mechanics studies had been
performed with various centralizer systems to understand which blade conﬁgurations actually create turbulence to lift and keep cuttings in the ﬂow stream.

6. Running Casing Tubulars
The commercial tools are best described as drillable
independently powered casing reaming systems. The
selected power system is based on modiﬁed turbine
technology. Turbine technology was introduced by the
Russians (Tiraposky et al) as early as the 1930s, and
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The mechanics of
completing very long horizontal wells dictates the use of lighter
weight low torque liner systems, so
even in the more simple cases, it is
not possible to treat the
equipment in the same manner
as drilling equipment.

many conﬁgurations were proposed over the years.
Turbine technology provides high speed, low torque
performance which is ideal for reaming. Other features
of turbine technology include perfect dynamic balance,
low pressure drop across the device, and the absence of
elastomers, which allows turbine technology to work
at high temperatures and also with any drilling ﬂuid
chemistry. Another less obvious feature is the pressure
telltale or signal at surface which, upon motor stall,
goes down. These remarkable attributes have been enhanced and will be discussed later.
An area that required signiﬁcant attention was the drill
through time. A very signiﬁcant eﬀort was made in this
area and the results are quite remarkable. By the use of
the right materials and by placing more and more of
the motor outside the path of the drill though bore,
the drill through time has been reduced to a few minutes. Through this elegant solution, after cementing,
it remains only necessary to drill the cement in the
shoe track and the through the reamer bit. It should
be mentioned at this point that following the reaming
process, the cementation is also carried out in the normal manner; cement accessories such as ﬂoat collars are

run above the tool, and the cement is pumped through
the tool.
Several tools have been built to date, in various common
sizes. On average the tools have a length up to 16 ft,
allowing dog leg severity tolerance of approximately 14
degrees. The construction is of standard casing grade
steel or higher, and thus compatible with any string design. Three engineering peer reviews were conducted
during the design phase. The industry standard “ﬁt for
purpose” benchmark was successfully concluded through
an operator-funded independent Detailed Design
Review.

7. Running Completion Tubulars
Based on the development of the above technology, it
was evident that the modiﬁed turbine power source
may support the running of completions. The aim was
to design a tool that was completion compatible, and
designed speciﬁcally for completion placement. The
objective was to wash and ream a given borehole section, re-establish the borehole condition, and allow the
safe passage of the completion without the need for
rotation.
www.saudiarabiaoilandgas.com
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Drilling motors can introduce
vibration damage, reactive torque at
low speeds, necessarily high
operating pressures and circulating
rates, and pressure spikes which
can trigger hydraulically
actuated components in the
completion string

Completion technologies, in line with all oilﬁeld
technology, have continuously evolved. The level of
sophistication of completions has increased to meet
both the drainage strategy of the operator and the required life-of-well reliability. There is a greater focus
on completion technology, whether cased-hole functionality, sand control, production monitoring or inﬂow performance management. Completion control
technology provides the ability to selectively produce
from and inject into speciﬁc zones to improve reservoir
and ﬁeld management. Hydraulic control lines, ﬁbre
optic cables, intelligent well mandrels, screen systems
and permanent monitoring completions are essentially non rotatable. The beneﬁts of these more delicate
sensing systems are obvious, but the ability to rotate the completion string is gone. The mechanics of
completing very long horizontal wells dictates the
use of lighter weight low torque liner systems, so even
in the more simple cases, it is not possible to treat
the equipment in the same manner as drilling equipment.

To add to these challenges, many of these sophisticated
completions will be placed in long horizontal well applications in semi depleted ﬁelds, where the mechanical integrity of the formation is reduced, leading to
borehole instability. This is no longer the environment
to deploy conventional approaches.
To summarise the design objectives, it was established
that the tool must work with all completion systems
and in particular all sizes, particularly where swellable
packers approach the size of the borehole. The tool
must provide reaming, but as in the case of the drillable systems, not introduce any risk to the completion
string, or the formation.
The use of motors is not a new concept in completion placement. However, using drilling motors such
as Positive Displacement Motors (PDM) may add
associated risks to the overall completion operations.
Drilling motors can introduce vibration damage, reactive torque at low speeds, necessarily high operat-
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ing pressures and circulating rates, and pressure spikes
which can trigger hydraulically actuated components
in the completion string. Additionally, the weight
on bit required to eﬀect a reaming action, and the
ability of the tool to side track inadvertently add to
the risks when combining drilling technology within the
constraints of new advanced completion systems.
The same approach to engineering design was adopted.
The initial goals were set to provide reaming time for
at least 20 hours, a torque capacity of 1000 ft-lbs with
a high speed reaming action of up to 800rpm. Prototype tools, with a maximum design length of 5 metres,
were tested. The inherent properties of the turbine ﬁtted the requirements very well, namely low torque, low
reactive torque, low vibration, low pressure drop, the
absence of elastomers, and importantly, the pressure
response at stall.
The turbine technology can deliver rotational speeds
from 600rpm under load to 1500 rpm under no load
conditions with a very low pressure drop through the
tool. The operating ﬂow rate can be as low as 2 barrels per minute with a 200psi pressure drop, thus ensuring compatibility with low ﬂow rate components.
The same operating window allows safe management
of circulating pressure to avoid formation damage. By
varying the number of stages in the tool, and/or by
varying the actual shape of the rotors and stator blades,
the pressure drop across the tool can be tailored for
a known hydraulic situation. In this way the eﬀective
circulation density (ECD) can be managed.
There are low frictional losses within the tool from a bearing system that can absorb considerable thrust loads, improved from the earlier work. With average completion
ﬂuid weights, the system will deliver 700–1000 ft-lb of
torque, adequate for reaming but well under the torque
makeup ﬁgures for even lightweight couplings. Furthermore, the ﬂuid drive will prevent sudden impulses of reactive torque. As mentioned above, taking advantage of
an inherent characteristic of turbine systems provides an
important operational feature. When the reamer stalls,
the circulating pressure reduces, providing both a telltale at surface and the required protection for any downhole component such as a hydraulically set liner hanger.
To highlight the absence of vibrations, tools have been
tested to free run speeds of 1500rpm and higher without
noticeable vibration to the hand. This certainly is a suit-

able technology to avoid vibration damage to completions, but, as can be appreciated, it has been necessary
to dynamically balance all reamer shoes to match this
performance.

8. Case Histories
The new reaming systems have been used in the North
Sea. One example required the drilling of an 8½˝ horizontal drain, then running 3000ft of 7⅝˝ pre drilled
liner to 8700ft MD. There were signiﬁcant diﬃculties
on the ﬁrst attempt to run the liner, the root cause being bore hole instability. After sidetracking the abandoned well, a larger diameter 9½˝ horizontal drain
was prepared for the pre-drilled liner. String rotation
was prohibited because of the limited torsional yield
strength of the ﬂush joint connections being used.
Other motors were not considered due to the risk of
a pressure spike on stalling or starting, which could
prematurely set the liner. Due to the relatively low
fracture gradient in the reservoir it was not possible to
increase mud weight further due to the risk of losses
and well impairment.
The reaming system was deployed and was successful
to re-establish 3000ft of open hole, accessing 1750ft of
net pay. A combination of reaming, reciprocation and
circulation were used to get the string to bottom over
a 12-hour period. The end of well report concluded
that the optimal procedure would have been to drill
from the start an 8½˝ standard hole and run the 7⅝˝
completion with the new system.
In another example, the equipment was deployed to
successfully land 5500ft of 4.5˝ liner into a 6˝ open
hole, which was subsequently cemented in place. The
cementing operation through the power section and
reamer shoe proceeded normally.

9. Conclusions
The conclusions are straightforward:
• The application of established motor technology to
address a new challenge was successful.
• A drillable motor system was developed through
practical design and testing of materials.
• Through design, the need to drill through the motor
has been eliminated.
• Field deployment of the reaming system has been successful.
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Proactive Scale Mitigation Strategies for
Simple to Complex Multilateral Producers
in a Saudi Arabian Carbonate Field
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Reprinted from Saudi Aramco Journal of Technology, Summer 2011.

Abstract
Calcium carbonate (CaCO3) is the most predominant
scale in Saudi Aramco crude producers. Conventional
phosphonate based scale inhibitor treatments are highly eﬀective in carbonate formations. Application of
new research ﬁndings in the company’s modiﬁed scale
inhibitor squeeze treatment programs has signiﬁcantly
improved the treatment life at the lowest possible cost.
These modiﬁcations resulted in better post-squeeze
well response compared to more conventional treatment. Although, in spite of the success of scale inhibitor treatment in vertical and conventional horizontal
wells, addressing the placement of chemicals in long
horizontal and complex producers, such as multilateral, maximum reservoir contact (MRC) and extreme
reservoir contact (ERC) wells is always challenging and
cost intensive.
A drop in operating pressure at a gas-oil separation
plant (GOSP) from 450 psig to 250 psig in a carbonate
ﬁeld necessitated a proactive scale inhibitor treatment
program. A comprehensive scale mitigation study was
conducted to prioritize the treatments based on the severity of the scaling potential for all the vertical, deviated, horizontal, multilateral, and MRC wells as part
of the company’s scale mitigation strategy. Conventional bullheading of chemicals from the surface into
all laterals and selective lateral treatment after comprehensive lateral testing was executed as part of the trial
test campaign. This article describes/illustrates well selection criteria for priority treatment methods applied
for simple to complex wells, comparison of pre- and
post-production results, and a discussion of the current
ongoing optimization program.

Introduction
Oil and gas production generally contains water that
under some conditions can lead to mineral scale depo-

Fig. 1. Severity of CaCO3 scaling in the Ghawar field before
scale inhibitor treatments.

sition, such as calcium carbonate (CaCO3) and sulfates
of calcium, strontium and barium1. This scaling impairs
ﬂuid ﬂow, and can lead to plugging of tubing, valves,
and surface equipment, Fig. 1. When these scales affect well productivity or facility integrity, it is necessary
to remove these scales and/or adopt an eﬀective scale
mitigation strategy.
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The formation of oil ﬁeld scale, in particular, CaCO3,
is recognized as one of the major problems associated
with oil and gas production in Saudi Aramco2-4. Until
the late 1980s, scaling was considered a serious threat
to Ghawar ﬁeld production due to an underdeveloped
scale mitigation strategy. Consequently, since the ﬁrst
scale inhibitor squeeze in 1987, CaCO3 scale mitigation for the Ghawar ﬁeld producers has been very
successful. As a result, scale mitigation is considered a
routine simple job in the Ghawar ﬁeld, although it is a
challenge for complex wells, Fig. 2.
Abqaiq ﬁeld, a carbonate formation in the south, produces Arab Extra Light crude with an aquifer waterﬂood support. Its reservoir, formation, and produced
ﬂuid properties are very similar to the Ghawar ﬁeld.
Gas-oil separation plant (GOSP) operating pressures in
the Ghawar ﬁeld are less than 200 psig and most of the
producers have CaCO3 scaling potential. Consequently, scale inhibitor treatment has been the norm for wet
producers to prevent scaling problems in the Ghawar

ﬁeld. Almost all untreated wet producers in the early
1990s showed CaCO3 scaling tendencies once the well
became wet. In addition, scale inhibitor treatment life
in the carbonate ﬁeld is notably long (more than 5 to
10 years) compared to less than a year in other parts of
the world. Coupled with the above observations, the
norm for scale control in the Ghawar producers is to
treat once a well becomes wet or has measurable water
cut (about 5% to 10%).
Until recently, scaling problems were not a concern in
Abqaiq ﬁeld. The absence of any scaling problems for
Abqaiq ﬁeld producers was attributed to its high operating pressure in the GOSPs (450 psig). In fact, this
observation was used to an advantage in other ﬁelds by
installing a choke to maintain higher upstream pressure to avoid scaling in the production tubing. Subsequently, this strategy may result in CaCO3 scaling
downstream of the choke where the pressure drop is
high. Operating pressure in GOSP-C of Abqaiq ﬁeld
was reduced from 450 psig to 250 psig in the second

Fig. 2. Diagrams of complex wells.
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Table 1. Formation water composition for oil producers
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Until the late 1980s, scaling was
considered a serious threat to
Ghawar ﬁeld production due to an
underdeveloped scale mitigation
strategy.

half of 2008. Therefore, GOSP-C area producers are
anticipated to have CaCO3 scaling due to lowering of
the operating pressure.
Abqaiq ﬁeld produces from a number of vertical, deviated, simple horizontal, multilateral and smart multilateral (SML) wells perforated from as low as 5 ft
(vertical) to as high as over 18,000 ft (open hole multilaterals). Its average porosity is 18.5%. A majority of
these producers are restricted with chokes to maintain
the ﬂowing wellhead pressure at about 450 psig. The
range of water cut varies between 0% to 94% with a gasoil ratio (GOR) between 342 standard cubic ft (scf )/
Stock Tank Barrel (STB) to 1,276 scf/STB. The shutin bottom-hole temperature (SBHT) varies between
214°F to 235°F, with an average of 224°F (106.7°C),
as calculated from the latest temperature survey index
reports. Similarly, the shut-in bottom-hole pressure
(SBHP) varies between 2,707 psig to 3,364 psig, with
an average of 3,080 psig, as calculated from the bottom-hole pressure survey data. Average carbon dioxide
(CO2) and hydrogen sulﬁde (H2S) content in the gas
phase of the GOSP feed are 5.3 mol% and 2.5 mol%,
respectively.

Geochemical Composition
All the producers are from the Arab-D reservoir. The
total dissolved solids (TDS) of brines vary signiﬁcantly,
with the lowest being 15,761 mg/L and the highest
being 247,979 mg/L. Calcium ion concentrations are

in the range of 911 mg/L to 21,400 mg/L. Sulfate ion
concentration varies from 190 mg/L to 1,640 mg/L.
The well database does not contain other trace metals,
such as strontium and barium, in the geochem analysis. Although, the concentration ratio (in mg/L) for Sr/
Ca varies between 0.043 and 0.055, with an average of
0.050, for seven recently collected (November 2007)
produced water samples from Abqaiq ﬁeld. Therefore,
a value of 0.050 was used to estimate strontium ion
concentration based on the calcium ion concentration
for the other GOSP-C producers. Alkalinity (HCO3-)
values were corrected based on earlier geochem data
for Well-HF, to Well-DAA and Well-DGE mg/L. Validated geochemical data of some produced waters are
given in Table 1.

Scaling Potentials
CaCO3 is the most commonly encountered scale in
Saudi carbonate ﬁelds. The presence of high reservoir
pressure (>3,000 psig) combined with 5% to 20%
dissolved acid gas (CO2 and H2S), means there is no
CaCO3 scaling problem in the reservoir and at the
bottom of the tubing; however, as the ﬂuid moves up
the production tubing, pressure decreases and the dissolved gases ﬂash out of the ﬂuid. The loss of CO2 and
H2S results in an increase in ﬂuid pH, and shifts the
thermo-dynamic balance toward super saturation of
the pro-duced water with respect to CaCO3. By the
time the nucleation and kinetics of crystal growth favor scale formation, the brine will have reached the top
www.saudiarabiaoilandgas.com
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Fig. 3. Encapsulated scale inhibitor treatment.

Fig. 4. Drawing of scale inhibitor squeeze.

1,000 ft or higher of the production tubing. CaCO3
scale formation is represented by the equation:
(1)
Sulfate scale formation is represented by the equation:
(2)
where M2+ corresponds to Ca2+/Sr2+/Ba2+. An increase
in temperature and/or decrease in pressure will increase
CaCO3 and CaSO4 scaling severity.
Scale prediction programs from Rice University (ScaleSoftPitzer – SSP) and the University of Oklahoma
(OKSCALE) are used to predict scaling tendencies of
produced brines5, 6. OKSCALE results were optimized
based on its usage with other carbonate ﬁeld opera-

tions. The OKSCALE computed saturation indices (SI)
and scale amounts in mg/L (SA) at producing wellhead
temperature and pressure conditions were computed
for all wet wells. The GOSP-C producers are classiﬁed
as high, moderate, low, or no scaling potential based
on the predicted SI and SA.
All producers have CaCO3 scaling potential. The SI
values for sulfates of calcium and strontium are either
negative or very low indicating that the produced brines
are under saturated and/or have very low potential for
sulfate scaling. Only two wells have low CaSO4 scaling
potential, but a majority of the wells have low SrSO4
potential (based on estimated strontium ion concentrations); however, phosphonate based scale inhibitor
treatments conducted for CaCO3 scale mitigation effectively control sulfate scale as well. GOSP-C producers are prioritized for scale inhibitor treatment based
on the severity of their scaling potential.
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Once oil production is resumed,
convection, solubility, and diﬀusion
processes result in a release of
inhibitor into the produced ﬂuids
with subsequent scale inhibition.

Scale Inhibitor Treatments
Successful scale mitigation treatment strategies applied
in the Ghawar ﬁeld can also be applicable in Abqaiq
ﬁeld due to their production and operation similarities.
Low MIC: After monitoring residual returns of many
Scale Inhibitor Squeeze (SIS) and encapsulate treated
wells in Ghawar ﬁeld and other carbonate ﬁelds, it was
concluded that the minimum inhibitor concentration
(MIC) required for CaCO3 scale mitigation is very low,
0.1 mg/L (chemical as analyzed for organic phos-phonate, which is equivalent to 0.5 mg/L of as-received
organic phosphonate). This is the minimum detection
limit for phosphonate scale inhibitor in our laboratory. It is highly probable that the actual inhibitor concentration is lower than 0.1 mg/L. Consequently, the
MIC for carbonate formations is believed to be less
than 0.1 mg/L of the inhibitor chemical (organic phosphonate) as analyzed. It is also reasonable to suggest
that the MIC for Abqaiq ﬁeld might also be below 0.1
mg/L.
Two types of scale inhibitor treatments are common
for the producers in Saudi Aramco: 1) encapsulated,
and 2) SIS.
Encapsulated Chemical Treatment
An encapsulated scale inhibitor treatment is limited to

those wells with a rat hole, and it is not viable for open
hole, horizontal, multilateral, or maximum reservoir
contact (MRC) wells. The liquid scale inhibitor is coated with a polymer membrane, which allows the chemical to diﬀuse slowly into the surrounding brine. The
capsules can be bullheaded into the well, where they
settle in the rat hole below the producing zone (speciﬁc gravity of ~ 1.5 g/cm3). Diﬀusion equilibrium is
established between the encapsulated chemical and the
brine in the rat hole. Once oil production is resumed,
convection, solubility, and diﬀusion processes result in
a release of inhibitor into the produced ﬂuids with subsequent scale inhibition7-9. A schematic of an encapsulated chemical treatment procedure for wells with rat
holes is shown in Fig. 3. The encapsulated treatment is
simple to perform and less expensive; under $10,000/
well. The eﬀective treatment life is limited by rat hole
depth, water cut, and water production rate; however,
there should not be any communication or ﬂow from
the bottom of the well, as the entire chemical can be
lost in the ﬁrst few hours of production.
Encapsulated scale inhibitor treatments were conducted for many carbonate ﬁeld producers with rat hole
depths of 100 ft to 300 ft; however, a well with the
shortest rat hole depth (17 ft) had an encapsulated
treatment that gave a treatment life over two years. An
encapsulated treatment program was conducted for
one well that has a rat hole in the GOSP-C area.
www.saudiarabiaoilandgas.com
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Fig. 5. Effect of over flush on scale inhibitor squeeze life (MIC of 2
ppm) - comparing 100% diesel with split over flush of 25% water
followed by 75% diesel.

Scale Inhibitor Squeeze
SIS treatments can be applied for all producers, including wells with rat holes. Generally, a SIS treatment life
is longer than an encapsulated treatment life.
The SIS involves injection of signiﬁcant quantities of
ﬂuids in diﬀerent stages into the formation with a shutin period for the chemical to interact with the formation rock. Part of the chemical returns with produced
water at a level greater than that required to prevent
scale deposition2, 10-13. The time required for the residual inhibitor return to drop typically 1 ppm to 15 ppm;
however, the MIC in the Ghawar ﬁeld is lower than the
inhibitor detection limit of 0.1 ppm. Squeeze life of six
months to one year is common in the oil industry, with
the shortest being 1-2 weeks for some severe scaling
wells in the North Sea. In Saudi Arabia, the squeeze
treatment program has been extremely successful for
CaCO3 scale mitigation in the carbonate ﬁelds with
a squeeze life exceeding 10 years. A schematic of the
squeeze treatment program is shown in Fig. 4.
A typical SIS treatment consists mainly of two stages:
1) Pumping ﬂuids, and 2) Shut-in period. The pumped
ﬂuids contain multistages, the ﬁrst being a preﬂush
of low saline fresh water with a surfactant. The function of the preﬂush is to reduce the concentration of
precipitating calcium ions (with inhibitor) near the
wellbore area and to clean up the formation rock to
improve inhibitor rock interactions. Scale inhibitor is
the second stage of pumped ﬂuid. Generally, a (tri- or
penta-) phosphonate based scale inhibitor is preferred
for CaCO3/CaSO4 scale mitigation in Saudi Aramco.
In the third stage, a signiﬁcant quantity of water or
diesel as overﬂush is then pumped to push the inhibi-

tor away from the wellbore area, into the formation.
Finally, the production tubing is ﬁlled with diesel to
minimize corrosion problems during the shut-in period. After completing all the pumping stages, the well
will be shut down for 1–4 days so that the inhibitor
can interact and react with the carbonate based formation rock. An insuﬃcient shut-in period may result in
excessive inhibitor return and shorter treatment life.
The normal parameters in a conventional squeeze are:
• Treatment radius: 3 ft to 10 ft from the wellbore.
• 100 bbl to 2,000 bbl of 5% to 50% inhibitor.
• Residual returns above MIC (MIC < 0.1 ppm in
Saudi Aramco).
• Residual return should stay above the MIC for the
period of squeeze life, typically 5–10 years in the Ghawar ﬁeld.
The average cost for SIS treatment in the Ghawar ﬁeld
is less than $15,000 per well; however, it can be over
$200 M for many North Sea producers and over $1
MM if coiled tubing (CT) is required. The estimated
cost was over $150 M for CT usage in some oﬀshore
Saudi wells; however, bullhead treatment for the SIS
jobs was adopted success- fully with signiﬁcantly lower
cost.
Horizontal Wells: Due to their long length of producing contact with the pay zone, horizontal wells give
substantial increased productivity and increased sweep
factor per well. There is extensive published literature
on horizontal well production operations, but limited
information is available on mineral scaling problems or
case histories of horizontal well scale mitigation.
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Table 2. SIS treatment details (All volumes are in bbl)
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Table 3. Multilateral and smart multilateral wells configuration and production data used for the modified SIS program
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When long horizontal, or highly
deviated wells, produce from
areas of high permeability contrast
or with wellbore crossﬂow,
expensive CT operations are
required instead of bullhead
operations.

Squeeze Modeling
Success for scale inhibitor treatment depends on the
return of residual scale inhibitor during post-treatment
production. Placement of the chemical is important
and it must be placed predominantly into the current
or expected water production zones to maximize treatment life. The location of scale formation in horizontal wells (critical for sulfate scales) and the MIC are
important factors for chemical placement, which can
be either in the “toe,” “heel,” “middle” or “all” sections. When long horizontal, or highly deviated wells,
produce from areas of high permeability contrast or
with wellbore crossﬂow, expensive CT operations are
required instead of bullhead operations. As stated, the
MIC for CaCO3 scaling wells in Saudi Arabian carbonate ﬁelds is generally less than 0.1 ppm. Therefore, it
was concluded14 that at such low MIC, the location of
chemical placement in the horizontal section is immaterial; whether the chemical stays in the heel, middle,
toe, or all sections, the diﬀerence in squeeze life will
be insigniﬁcant3, 15. There is no need to use expensive
CT for spot treatment. Therefore, a simple and less expensive bullhead treatment was adopted successfully in
these carbonate ﬁelds.
Limitations of Conventional Squeeze
Conventional squeeze treatments in Saudi Aramco carbonate formations are highly successful in mitigating

CaCO3 scale; however, the injection of large quantities
of water into the near wellbore region may increase water saturation in the near wellbore region resulting in a
loss of continuity of the oil phase. It can also alter the
wettability in the near wellbore region. The time needed to reach the same production level as before treatment depends on the oil/water ratio, pressure drop,
production rates, and rock properties. This is generally
termed as “water block.” In a worst case scenario, full
return to pretreatment rates may not be achievable. In
ﬁeld operations, a signiﬁcant drop in the productivity
index was observed after squeezing several wells in the
Ghawar ﬁeld. In addition, it may be diﬃcult to lift a
column of water after a conventional SIS in wells with
poor lifting energy, possibly requiring an expensive nitrogen liftoﬀ procedure.
Alternatives to conventional squeeze treatment include
the following:
1. Modiﬁed squeeze treatment with diesel as overﬂush.
2. Emulsiﬁed squeeze16 (Scale inhibitor in a water-inoil emulsion).
Modiﬁed bullhead squeeze treatments are successful
in controlling CaCO3 scale in the Ghawar ﬁeld17. The
primary changes include minimizing aqueous preﬂush
and inhibitor phases, and replacing the typical aquewww.saudiarabiaoilandgas.com
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Table 4. Effect of modified SIS on crude and water production rates

Proactive Scale Mitigation Strategies 55

An emulsiﬁed squeeze treatment
procedure has several advantages
over conventional squeeze methods,
especially for water sensitive
formations and wells with poor
reservoir support.
ous overﬂush with diesel, (lifting the well easier after
treatment).
An emulsiﬁed squeeze treatment procedure has several
advantages over conventional squeeze methods, especially for water sensitive formations and wells with
poor reservoir support. An emulsiﬁed squeeze should
allow oil production to return to pretreatment levels
in a short period of time. It could also eliminate the
potential for water induced formation damage, as well
as the need for nitrogen lift to bring the well back to
production. Consequently, there could be signiﬁcant
diﬃculties in the injection of the emulsiﬁed slugs into
the formation. The viscosity is estimated to be in the
range of 12 cP - 20 cP (possibly higher), depending
on the required loading of the emulsifying chemical.
In addition, the cost of an emulsiﬁed squeeze will be
signiﬁcantly higher due to additional expensive chemicals, and the need for a service company to perform
the job.
Saudi Aramco has been supporting research consortia,
joint industrial projects (JIPs) with academic (Rice
University and Heriot-Watt University) and research
institutes (Scaled Solution Limited). Their new ﬁndings are continuously incorporated in ﬁeld trials and
optimization of SIS programs.
Many SIS programs using acidic phosphonate scale inhibitors, though successful in controlling scaling problems, result in higher initial water production after

treatment for a signiﬁcant number of wells. There was
no systematic ﬁeld study to correlate this outcome with
the acidity of the scale inhibitor; however, JIP research
from Rice University and Heriot-Watt University concluded that the primary controlling factor for inhibitor
retention and return is the acidity and concentration of
the inhibitor18. Therefore, a partially neutralized scale
inhibitor treatment for carbonate formations is more
eﬀective than an acidic chemical.
Heriot-Watt University modeled the impact of diesel
and aqueous overﬂush on SIS treatment life using a
two-phase near wellbore simulator. A special study was
conducted for splitting the overﬂush using part water
and part diesel, as well as the order in which these are
injected in the split overﬂush. The simulations indicated a best treatment life for 100% water and worst for
100% diesel, and a signiﬁcantly improved life for split
overﬂush compared to that of 100% diesel. In addition, water followed by diesel is the preferred sequence
in the overﬂush19, 20. This could be due to the fact that
the initial water injection during the overﬂush causes
desorption of the chemical near the wellbore and displaces it further away from the wellbore, as does the
following diesel overﬂush stage displaces the aqueous
chemical slug further into the reservoir. An example
of this simulation conducted for Well-F is shown in
Fig. 5. The squeeze life for an MIC of 2 ppm increased
by an additional year for the split overﬂush compared
to diesel alone. By successfully adopting this split of
25% water and 75% diesel, we were able to balance the
www.saudiarabiaoilandgas.com
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In spite of the success of the scale
inhibition treatments for vertical
and simple horizontal wells,
placement of chemicals in long
horizontal and complex producers,
such as MRC and ERC wells
is a challenge.

drawback and beneﬁts of both water and diesel, and
this has resulted in improved SIS treatments14.
SIS Treatments
Guidelines used for old and new SIS programs for vertical, deviated, and horizontal wells were the same as
mentioned earlier14. An Excel based program based on
these new guidelines was developed. Details of some
newly treated wells are given in Table 2.
In spite of the success of the scale inhibition treatments
for vertical and simple horizontal wells, placement of
chemicals in long horizontal and complex producers, such as MRC and ERC wells is a challenge, Fig 2.
Abqaiq ﬁeld has some multilateral horizontal (without
control of the laterals) and SML (with control valves).
Some trial SIS treatments were conducted based on
the ﬂow characteristics of the laterals, Table 3. Lessons learned from these pre- and post-production data
will be used to revise the treatment for other complex
wells.
The PlaceiT simulator from Scaled Solution Limited
can be used for placement of SIS chemicals/ﬂuids in
complex wells21. Initial placement modeling simulations for Well-E0E, a four lateral multilateral producer, shows that a standard bullhead squeeze will have

diﬃculty treating the lower laterals (L2, L1 + MB) as
signiﬁcant crossﬂow into L4 is expected. Therefore,
conventional bullhead treatment can treat only L4 as
almost all the injection ﬂuids will go into this ﬁrst lateral near the heel section. Increasing the injection rate
and/ or viscosiﬁying the treatment may help counteract
the crossﬂow, but placement would remain a challenge.
Targeting treatments to each individual lateral ensures
the delivery of inhibitor to all parts of the wellbore,
and it is feasible for this SML well; however, treating
all laterals requires enormous quantities of the treatment ﬂuids. In addition, using signiﬁcant quantities
of overﬂush diesel would create logistical problems
for operations, not only for bringing in truck loads of
diesel, but also later in GOSP operations. Therefore,
based on the ﬂow characteristics of the laterals, it was
planned to treat L4 and L2 only. Similar planning was
done for the other SML wells. Less expensive bullhead
injection was preferred to CT for the two multilateral
horizontal wells that do not have any controls. Total
ﬂuid production decreased drastically in the initial
phase after treatment for one of these multilateral
horizontal producers; however, the production level
improved after ﬂushing the well at high choke for 48
hours. Subsequently, the well was tested through both
the test trap and a multiphase ﬂow meter to conﬁrm
its production rate. The rate test shows 5.8 thousand
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Targeting treatments to each
individual lateral ensures the
delivery of inhibitor to all parts of
the wellbore, and it is feasible for
this SML well; however, treating all
laterals requires enormous quantities
of the treatment ﬂuids.

barrels of oil per day (MBOD) with 15% water cut
as compared to the pretreatment test of 5.8 MBOD
with 20% water cut. Table 4 summarizes the eﬀect of
SIS treatment on the productivity of the crude oil and
water rates. Although, the majority of these wells have
maintained or improved the crude productivity with
either the same or slightly decreased water cut after the
SIS, the net eﬀect on crude and water production remained the same. There were no adverse eﬀects due to
the modiﬁed SIS program. This clearly shows the advantage of the modiﬁed SIS with: 1) Partially neutralized scale inhibitor, and 2) 25% water and 75% diesel
in the split overﬂush.
Lessons learned from this pre- and post-SIS productivity and diagnosis results using the PlaceiT simulator
will be used to develop further improved SIS programs
for the other complex wells in Abqaiq ﬁeld, as well as
other carbonate formation ﬁelds.
In summary, this article detailed a systematic scaling potential evaluation of all wet producers for their priority
of various cost-eﬀective scale inhibitor treatments. This
article also gives some of the drawbacks of conventional SIS treatments and how these were minimized with
modiﬁed SIS programs using JIP results and case histories of some treated complex multilateral wells.

Summary and Conclusions
1. Almost all producers have CaCO3 scaling potential
that can cause scaling problems when the GOSP operating pressure drops to 250 psig.
2. A majority of producers have low sulfate scaling potentials that may not be a problem.
3. All producers are prioritized for scale inhibitor treatment based on their scaling potential.
4. An encapsulated scale inhibitor treatment program
was performed for one well and a modiﬁed SIS for the
remaining wells.
5. Modiﬁed SIS treatments were a success for GOSP-C
producers in the Abqaiq ﬁeld.
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