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A pragmatic steer for technology development

" fully support the proposal to develop a roadmap to strengthen local R&D
capacity. It is important to know what resources and technologies are needed to
meet the challenges, then which [Kazakhstan] institutions and enterprises need
fo be involved in tackling each challenge, and who has to be trained in the
required disciplines.”

President Nursultan Nazarbayev emphasises the need for a Kazakhstan upstream oil and gas
technology and R&D roadmap at the Foreign Investors” Council in May 2011.

"I firmly believe that fechnology roadmapping should be adopted by the industry as

an infegral part of the planning process. It provides decision-makers with a means to
identify, evaluate and select the strategic fechnological objectives that will deliver most
value to Kazakhstan. It is a comprehensive tool that increases collaboration, knowledge
sharing and new partnerships and reduces the risk of costly investment in less appropriate

technology and R&D."

Matthias Bichsel, Projects & Technology Director, Royal Dutch Shell plc
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| would like to thank those at Shell who took part in this project plus their numerous industry colleagues for their
outstanding efforts at every stage of this exciting project. Since the start of this project in 2010 more than 100
industry representatives have contributed to the work, with a total of more than 300 involved in the workshops,
inferviews and expert panels.

Engagement and collaboration have been the bywords of the roadmapping project as the whole upsiream
industry has made unprecedented efforts fo cast fresh light on the demanding combination of challenges that

exists in Kazakhstan.

This was a unique opportunity for R&D organisations in Kazakhstan fo interact directly with operators and
service companies from oil fields all over the country and to share knowledge and experience.

We should continue the exercise by holding regular expert meetings and by infroducing a systematic annual
cycle of inferaction among the academic community, operators and service companies.

Campbell Keir, Country Chairman, Shell Kazakhstan
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THERE ARE A LOT OF GOQOD IDEAS IN THE REPORT. THE AMOUNT OF WORK DONE
IS REMARKABLE AND THE OUTCOMES ARE IMPORTANT (Schlumberger).

| THINK YOUR TEAM HAS DONE AN EXCELLENT JOB OF REDUCING WHAT
WAS AN EXTREMELY COMPLEX SET OF ENGAGEMENTS INTO CLEAR RANKED

RECOMMENDATIONS — WELL DONE. (Petrofac).
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“A GOOD PIECE OF WORK, IT CAPTURES THE ESSENCE OF THE ISSUES. IT HAS
SAVED THE KAZAKHSTAN INDUSTRY YEARS OF WORK AS IT WILL SPEED UP THE
GROWTH OF THE LOCAL INDUSTRY (Roadmap Workshop, Sept 2012).
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Executive summary

Capital and technology-
intensive industry

Oil and gas is among the most capital and
technology infensive of all industries, and
the role of technology innovation in aiding
the discovery of economically viable new
reserves and improving the efficiency of
resource extraction is critical. Investments in
R&D, aimed at supporting vital Kazakh oil
and gas projects, will also help to realise the
country’s broader industrial and economic
potential. But for innovation to be effective,
research and development priorities must be
business-driven and in line with the upstream
industry’s needs.

In order to help Kazakhstan focus its R&D
efforts and to contribute fo the government's
innovation agenda, Shell undertook to work
with the entire industry and fo lead the
development of the Kazakhstan upstream
oil and gas technology and R&D roadmap.
A coherent picture of the oil and gas sector

is a prerequisite when making high-level
decisions. When the indusiry has fo decide
which technology alternatives to pursue,
how quickly they are needed, or how to
coordinate the development of multiple
technologies, roadmapping is essential to
controlling capital expenditure and ensuring
costefficient R&D activities.

Following the pragmatic steer from the
President of Kazakhstan, Nursultan
Nazarbayev, the industry has collectively
supported the formulation of fechnology
and research priorifies, which is essential fo
ensuring that common industry challenges
are addressed effectively.

Since the start of this inifiative in 2010
more that 100 industry representatives
have made valuable contributions to the
roadmap development — more than 300
industry representatives were involved

in the workshops, interviews and expert
panels. This was a unique opportunity

for Kazakhsfan R&D organizations fo
inferact directly with operators and service
companies from oilfields throughout

the country and fo share knowledge

and experience and develop a better
understanding of the fechnology challenges
faced by the indusiry. The project has
demonstrated the potential for improved
knowledge sharing through structured
industry forums and workgroups. The
academic insfitutes possess a wealth of
knowledge and are passionate about
contributing to the oil and gas field
developments in Kazakhstan. Improved
communication is bound fo help unlock the
potential that exists within this community.

The roadmapping project achieved a
number of important objectives. The industry
collectively identified, screened and ranked
the main fechnology challenges based on
the potential financial benefits that could
result if they are successfully addressed.

Potential technology solutions were also
identified and assessed in terms of their
impact on solving the challenges and on
their aftractiveness to the nation, which
included consideration of local R&D and
industry opportuniies.

The fifteen prime challenges identified have
a significant value associated with them,
assuming appropriate solutions can be
implemented in the required timeframe. The
challenges were assessed using a standard
industry financial model. The cafegories
considered were capex reduction, opex
reduction, increased production, increased
ultimate recovery, reduced environmental
risk and improved personal safety. The
indicative values of the fifteen challenges
varies between US$2 billion and US$7.5
billion. Clearly the tofal value of successfully
addressing all of the 15 challenges would
be several tens of US$ billions.
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Technology solutions

Over 230 possible individual technology
solutions were identified to address the
fiffleen prime challenge areas. These
individual solutions were grouped, where
appropriate. The relative value ranking of
these [grouped) solutions was determined
on the basis of their likely ease of
implementation, local industry opportunities
and their power to develop intellectual
capacity in Kazakhstan. This solution
overview [together with a variety of other
output from the project over nearly three
years|) formed the basis of the fifteen topic
roadmaps. The fopic roadmaps add defail
fo the challenges and indicate the best way
of overcoming them in the future. It is very
clear from these topic roadmaps that there
exists a wealth of opportunities for local
industry and academia in Kazakhstan - and
also a number of areas where skills need 1o
be developed.

The topic roadmaps are fechnology-focused
and they provide guidance for technical
developments in the upstream oil and gas
industry. It will be important for the academic
community, local indusry, the operators

and service companies to work together
now in genuine partership and fo plan
ahead to address the challenges facing

the industry. Optimising this partnership

and the way it works will be of immense
benefit o Kazakhstan; the roadmap
contains recommendations about how to

do this, in terms of R&D focus, local indusiry
opportunities and skills development. One
of the next steps will be to undertake a more
detailed local capacity assessment in the
highest-priority technology areas.

There is a sfrong argument for the industry
adopting technology roadmapping as an
integral part of the planning process. It
provides decision-makers with a good way
of identifying, evaluating and selecting

the sfrategic technological objectives that
will deliver most value to Kazakhstan. It

is a comprehensive fool that increases
collaboration, knowledge-sharing and new
parterships and reduces the risk of costly
investment in less appropriate fechnology
and R&D.

The main benefit of technology roadmapping
is that it supplies information to help make
better technology investment decisions and
provides a collaboration framework around
which to build links between the industry,
government and academia.

Creating a successful alliance of indusiry
members is the key to developing the full
spectrum of technologies that future markets
will demand — only by working together will
technology challenges be converted into
technology solutions.

THE MAIN BENEFIT OF TECHNOLOGY ROADMAPPING IS THAT IT SUPPLIES INFORMATION
TO HELP MAKE BETTER TECHNOLOGY INVESTMENT DECISIONS.
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The main messages

The roadmapping project has gathered and
carefully analysed information from a wide
range of expert sources — and there has
been a strong logic applied fo what has
been a highly rigorous process.

Important points have emerged throughout
the project from the various visits, meefings
and workshops. However, the main
messages only crysfallised af the end of

the work, once the challenges facing the
upstream oil and gas industry in Kazakhstan,
and the solutions to them, had been properly
assessed. This is reflected in this document
with the main messages fully presented in
the last section, ‘addressing the challenges'.
The section comprises three themes covering
R&D focus, indusiry opportunities and skills
development.

In summary

R&D focus — a need for more
communication and better planning
on a national scale

A wide variety of R&D focus areas

were idenfified during the course of the
roadmapping project. Four areas stand out:
correlation of NMR core data from SCAL
studies with well logs; the use of non-metallic
materials in highly corrosive environments;
sulphur storage and its applications; and
bio- and nano-sensors for environmental
monitoring.

It would be reasonable to expect R&D
proposals from the Kazakhstan academic
community fo centre around these areas
and, in fime, fo see Kazakhstan develop
strong capabilities in the NMR inferpretation

of complex rocks, in the use of non-

metallic pipelines and in the ufilisation

of sulphur [sour gas fo power was seen

as a particularly interesting opportunity

in this area). Kazakhsfan is already well
recognized for its environmental services
and, with more R&D, should realisfically aim
fo become an indusiry leader in this area.

The process of identifying R&D priorities
that was begun during the roadmapping
project is one that must be carried out on a
continuous basis and become more focused
and directed. There is a sfrong case for the
establishment of a council at government
level, including representatives from indusiry
and the academic community, tasked with
national R&D strategy development and
planning in Kazakhstan. R&D in Kazakhstan

suffers severely from a lack of communication

and collaboration, especially between the
parties seeking solutions and those able

to generate them: one of the more striking
features to emerge from the roadmapping
project is the relatively poor communication
between the upstream oil operators and

the Kazakhstan academic community. An
organization with authority is needed to
control and coordinate upstream oil and
gas R&D in Kazakhstan, to provide focus, to
defermine funding and monitor the outcomes
of the work.
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It would be realistic to expect the Kazakhstan
government/industry R&D planning process fo
be founded on the established principles used
fo plan and manage R&D by many large
technology-oriented companies. Translated
onfo a national scale, the process might be
run along the following lines:

u The major operators and service
companies would each outline their
views on the prime challenges faced by
their organisations on an annual basis
— they would be encouraged to provide
information on the nature and sfatus of the
challenge, its urgency and the size of the
prize.

u The information, once analysed and
consolidated, would be made widely
available to the academic community and
used fo shape R&D proposals.

u Good proposals would be likely 1o feature
infernational and in-country academic
partnerships; they would also contain
well-developed project cost estimates and
timeframes, and go as far as describing
technology demonstration and field trials
requirements.

Proposals received posifively would be
progressed in the first place by (1) a
sharing of relevant data and information
from the industry side with the R&D
proposer and (2) the setting of suitable

milestones and key performance indicators.

Assuming good progress of the work,

it would be incumbent on the industry
organisation that sef the challenge to
facilitate field trials of the new technology
solution.

The reasons behind unsuccessful proposals
would be made clear and used fo drive
improvements in the sections of the
academic community involved.

The process just outlined addresses a number
of the issues judged by participants

in the roadmapping project to be hindering
R&D in Kazakhstan — lack of focus, limited
collaboration, poor understanding by the
academic community of the challenges and
the opportunities within the industry, and the
difficulty of fixing up field trials were foremost
among them. Additional enablers highlighted
during the course of the roadmapping
project include the provision of guidance fo

academics on the commercialization of R&D:
the relaxation of local content regulations

in selected emerging fechnology areas;
measures fo ease the import of equipment
for R&D purposes and field trials; and a
facilitation of visits,

perhaps extended stays, by international
technology experts. The establishment of

centres of excellence and technology parks
was another measure favoured by many in

the industry. Finally, there was a call for better
understanding of infernational patent law and
clearer recognition of infellectual property
rights.
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Industry opportunities — the need for a
sound financial case and business model

Throughout the course of the roadmapping
project, attempts were made to gather views
on the sort of local companies that could
make a posifive difference to the way the
upstream oil and gas indusiry operates. After
much careful analysis, it was concluded that
the most realisfic industry opportunities lie

in the area of steel and concrete structural
design and fabrication, the provision of
upstream chemicals and well sand-screen
manufacturing.

Further opportunities were highlighted: the
manufacture of corrosion-resistant alloys;
provision of SCAL services; jackup rigs for
cold climates and ice-scouring design; and
sulphur sforage, fransport and products.
However, there were thought to be blocks
fo progress in each of these cases. The
high cost of corrosion-resistant alloys could
theoretically be allayed by setting up local
production faciliies; however, manufacturing
land testing) capabilities in Kazakhstan
were thought to be lacking. In the case of
SCAL services, for which there is sfrong
local demand, there has been a lot of
investment in the last year, but there are

further upgrades desired by the operators.
There was a good deal of discussion around
the subject of jack-up rigs for cold climates
and ice-scouring-resistant design. However,
fechnology in these areas is immature
globally and both will require a combination
of R&D and heavy industry participation

fo move the technology forward; as

such neither offers immediate indusfry
opportunities. Sulphur storage, transportation
and products seem like perfect opportunities
for Kazakhstan to build local capability. But
two critical things must happen before these
will be realised. There needs to be overhaul
of the regulations surrounding the use of
sulphur; and the markets in Kazakhstan need
first 1o be created and grown.

While the roadmapping project has
succeeded in identifying real opportunities
for local companies in Kazakhstan, in the
longer term a more formal and rigorous
approach is needed to maintain a
continuous flow of similar ideas. Idedlly,
this ought fo be overseen by a strong
government/industry council. lts role would
be, in the first place, to invite oil and gas
operators fo provide regular information
about their materials, products and services
requirements, the scale of these requirements

and their timing. This market research

would be made available fo the relevant
infernational and local companies who
would subsequently be invited 1o put forward
local manufacturing and service solutions

— ideally with strong local job creation,
technology fransfer and supply chain
development credentials.

A sound financial case and an

effective business model (including skills
development and training needs and
based on, for example, a joint venture,
licensing agreement or a wholly foreign-
owned, locally registered company)
would be a condition of the opportunity
gaining government support. For such

a process fo work, there needs fo be
good communication and open dialogue
between government and industry. There is
a widespread view that there needs to be
less bureaucracy surrounding the import of
goods and equipment and that the business
regulatory environment has to become
more fluid and fransparent and easier to
negotiate.
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Learning and skills development in
Kazakhstan

A sfrong, consistent message emerged from
the roadmapping project that — in common
with the oil and gas indusiry worldwide —
there is a shortage of falented graduates

in the basic sciences, engineering and
mathematics in Kazakhstan. Further, the
industry would ideally like fo see young
people coming forward with qualifications
in applied disciplines such as geophysics,
reservoir engineering, production
fechnology and production chemistry. There
is a similar requirement for more well
frained fechnicians and skilled workers to
perform important roles in construction, and
operations and maintenance.

More than one academic made the point
that the loss of the best graduates to jobs
in other industries and to other countries
was also a problem; though, this in one
that is perhaps outside the scope of this
roadmapping project.

leading universities in Kazakhstan are
undoubtedly producing good graduates,
based on a model with some key features:

high course admittance standards

well frained staff

good working links with overseas seats of
learning

degree qualifications certified by leading
insfitutions

relevant courses devised in collaboration
with industry

visiting lecturers from overseas and
industry guest speakers

infernships with leading oil operating and
service companies active in Kazakhstan.

More could undoubtedly be done in all of
these areas, especially given more funding.
One area that stands out is the fraining
and menforing of staff to raise teaching
standards. Postgraduate fraining was

seen as an area with considerable scope
for improvement. The teaching of post-
graduate courses is an area where industrial
involvement is paramount, for example, in
providing expert supervisors and access

fo field data on which to base relevant
research studies.

Strengthening the links between the
academic community and industry must
be a constant objective. There must be a
partnership, under government leadership,
between academia and indusiry with the
aims being to:

u provide more defail around the question
of skills requirements, and bring clarity to
the gaps between graduate demand and
supply

u increase indusiry involvement in curriculum
development

u create more industrial placements

u raise the involvement of industry
professional bodies like the SPE and
SEG, who both offer highly relevant skills
development programmes

u encourage the holding of technical
conferences in Kazakhstan covering the
main challenges faced by local operators

u promote the upstream oil and gas indusiry
as an excifing and rewarding place to
work.
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Structure of the document

This document is in a format that reflects the
way the project has been conducted. First

of all there is some context for the roadmap
project, notably a list of the key contributors
and some of their views on the project. The
focus then shifts to the upstream oil and gas
industry’s ambitions, these based on the vision
provided by President Nursultan Nazarbayev.
Next there is a section on the roadmap
development process, before attention is
turned to the technology challenges facing the
industry in Kazakhstan — and their possible
solutions. The challenges and solufions

were assessed in a variety of ways, and

the main findings are summarised here. This
leads into the topic maps for each of the

main challenges. These plot the technology
developments deemed necessary fo generate
the solutions called for by the industry. The
roadmap comes full circle, finally, when all of
the information generated during the project
is examined in light of the key issues outlined
at the start — R&D focus, indusiry opportunities
and skills development in Kazakhstan. There
are maps for each of these areas, which point
the way forward for the upstream oil and gas
indusfry in the country.
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Vision

Direction and reassurance

A good roadmap shows you precisely
where you are, where you want to go — and
how to get there. It provides direction and
constant reassurance that you are on course
fo reach your objective.

Roadmaps of our highway infrastructure
enable you fo build a picture of the
geographical landscape and help you plot
the most efficient path through it. In much the
same way, an industry roadmap provides

a picture of the complex interconnections
and the different layers that make up the
industry landscape. Arguably of more value,
the roadmap also highlights the challenges
and opportunifies within a given area and
indicates the best way to overcome the
former and take advantage of the latter.

The Kazakhstan upstream oil and gas
technology and R&D roadmap has been
developed within the framework of the
Foreign Investors’” Council (FIC) with the
support of Nursultan Nazarbayev, President
of Kazakhstan and Chairman of the FIC.

The roadmapping project, which began

in May 2010, has been led by Shell and
supported by numerous key stakeholders

in the industry. The infernational operating
companies (IOCs), the smaller independent
operators and the international service

companies (ISCs) working in Kazakhstan
have all been heavily involved at some
stage. The sfate oil company KazMunayGas
(KMG) and the Kazakh Institute of Oil

and Gas [KING) have played vital

roles throughout the project, and the

county’s leading universities and industry
organisafions have provided further

local infelligence. Shell's stance from the
beginning has been that this should be a
collaborative effort and the outcome should
represent the collective view of the entire
upstream oil and gas industry in Kazakhsfan.

Crystal clear

Crucial fo the success of the project was
defining an indusiry goal = a vision — around
which to anchor the roadmap.

President Nazarbayev has a crystal clear
vision for Kazakhsfan. It is one of sustained
growth fuelled by a diversified, innovation-
led economy that capitalises on the nafion’s
considerable hydrocarbon resource base.

As early as 1997, the President described
the oil and gas extraction industry as

the “vital base of the country and the
starting point from which fo begin building
Kazakhstan's structural policy.”

Participants in the present roadmapping
project were keenly aware of the imporfance
placed on the indusiry by the President when,
as part of the project, they advanced their
vision for the Kazakhsfan upstream sector.

The vision is of an industry that
maximises the value of its oil and

gas resources through world-class
R&D and strong local companies
capable of delivering high-quality
materials, equipment and services to
the international standards demanded
by major resource holders and field
operators.

Contained within this vision is the need
for a strong policy framework and fiscal
incentives fo encourage fechnology
R&D and innovation in Kazakhstan.
Further, there is the expectation that the
government and the indusiry will work
closely together to set priorities and
indicate where research efforts and
resources should focus.

On the issue of fechnology development,
there is broad agreement that it makes
sense for Kazakhstan, where possible,
simply to adopt upstream fechnology
solutions established elsewhere — to

be an astute fastfollower. However, it
will also be necessary to fake existing
fechnologies and adapt them to meet
specific challenges, or, in some cases,
fo invent new fechnology, either alone or
in collaboration with other organisations
around the world.

The vision is also very clear that, assuming
Kazakhstan companies respond positively
to the opportunities presented fo them,
they will ultimately be able to compete
with the major international fechnology
providers in a range of areas. It must be
stressed, however, that underpinning this
entire vision, there has to be a drive within
Kazakhstan to develop the professional
skills and competences essential fo
maintaining a deep and permanent oil
and gas indusiry resource base within the
country.
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Project objective

The objective of the roadmapping project
was to fake the vision first outlined by the
President and later developed by the industry
and fo formulate a way of realising it. It was
fo provide a route by which Kazakhstan could
elevate its upstream oil and gas industry,
ultimately fo the benefit of the entire economy.

In more defail, the project sef out fo:
improve our understanding of the
challenges faced by the Kazakhstan
upstream oil and gas industry and thence fo
prioritise them:
identify potential solutions to the challenges
and examine their implementation in
Kazakhstan:
provide direction and focus for upstream ol
and gas R&D efforts within the country;
highlight opportunities for local companies
fo confribute more to the upstream industry
and thereby grow and develop their
businesses nationally and internationally;

identify areas where further education,
training and skills development are required
within the Kazakhstan workforce; and

puf forward a series of actions or enablers,
many but not all of them govemmem-pohcy
measures, with the power to accelerate
progress foward the vision.

Engagement and collaboration have been
the bywords of the roodmoppmg project over
the past two to three years, as the whole
upsiream industry has made unprecedented
efforts to cast fresh light on these issues. The
work progressed through a series of stages
and involved discussions, visits, studies

and, not least, high|y interactive Workshops
aftended by senior representatives of the
many companies and organisations involved
in the industry.

ENGAGEMENT AND COLLABORATION HAVE BEEN THE
BYWORDS OF THE ROADMAPPING PROJECT OVER
THE PAST TWO TO THREE YEARS, AS THE WHOLE
UPSTREAM INDUSTRY HAS MADE UNPRECEDENTED
EFFORTS TO CAST FRESH LIGHT ON THESE ISSUES.
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Stage 1 - challenges and solutions

The roadmapping project began in 2010, when Shell led a technology mapping exercise for
the upstream oil and gas industry in Kazakhstan. The aim was to provide guidance and focus
for technology development in Kazakhstan, vital fo the efficient and sustained growth of the
indusfry. Central to Stage 1 was a workshop bringing together more than 150 experienced
professionals from industry, government and academia. Their work led to a list of 15 prime
challenges in five technology target areas. Potential solufions, which were eventually disfilled
to fewer than 50 main ones, were also identified. These challenges and solutions form the
foundation of the Kazakhstan upstream oil and gas fechnology and R&D roadmap.

The main outcomes of this stage were presented to the FIC in May 2011.
They are reported in:

Report A issued by Shell (SR.12.13425): Kazakhstan R&D Strategy Mapping Initiative

Stage 2 - assessing the current situation

Stage 2 began with a more detailed analysis by subject matter experts from the IOCs, KING and
Kazakhstan's R&D institutes and universities of the challenges and solutions identified in Stage 1.

The same community, reinforced by representatives of the I1SCs, then carried out a technology
readiness study. This had several objectives: to evaluate the global maturity of the proposed

technology solutions; to see how mature the same technology solutions were in Kazakhstan; to
assess the feasibility of implementing the solutions in Kazakhstan; to highlight issues that might
hinder implementation; and to estimate the amount of time necessary to put solutions in place.

KING provided further valuable input in a detailed report of the main technologies already
being applied in Kazakhstan’s oil and gas fields.

Finally, a team of experts, mainly from the IOCs, visited universities and R&D facilities across the
country in an effort to assess their capabilities, identify opportunities for greater collaboration
with the industry and explore potential inifiatives designed to support that development.

The main outcomes of this stage were reported in:

Report B issued by Shell (SR.12.13425): Overview of Technology Challenges

Report C issued by Shell (SR.12.13425): Technology Readiness Assessment

Report D issued by Shell (SR.12.13425), created by KING: Technologies Currently
Applied in Kazakhstan

Report E issued by Shell (SR.12.13425): R&D Visits Overview
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Stage 3 - the way forward

The work of stages 1 and 2 was consolidated in Stage 3 at a workshop in June 2012. The
community that began the process in 2010 reconvened (133 attendees on this occasion) to
review the mass of information generated up until that point and to form a collective view on
the way forward for the industry. For each of the 15 challenges, the workshop participants set
technology milestones, defined R&D focus areas and listed local industry opportunifies.

The participants at this workshop also looked at the crucial question of enablers: actions with
the potential, for example, o ease the import of technology info the country, incentivise R&D and
foster wider collaboration with companies and organisations in other countries. Policy measures
of this kind used by four other countries, Brazil, China, Malaysia and Norway, were also
examined at this stage.

The main outcomes of this stage were reported in:
Report F issued by Shell (SR.12.13425): Roadmap Technical Workshop Report

Stage 4 - outcomes and actions 19

Stage 4 has been all about convergence and has involved filtering all the information,
intelligence and analysis generated during the process in order to develop a clear sef of
compelling messages for senior policy-makers in Kazakhstan.

This could be viewed as the communication stage of the process, when the accent tumned from
technology fo the question of what best to do next, what actions fo take. It was during Stage 4
that the roadmap really began fo take shape.

Some of the work was undertaken at two smaller workshops (15-30 participants), which
were facilitated by technology roadmapping consultants from the University of Cambridge,
UK. Representatives from the IOCs, KING, KMG and the government of Kazakhstan worked
together fo review the information contained within the six earlier reports (A — F), o sfrengthen
the links between the different layers within the roadmap, to sef fimelines and to establish
technology priorities. The final presentation of the roadmap (as contained in this document)
was undertaken mainly by subject matter experts from Shell with the support of a number of
individuals and groups from a wide cross-section of the industry.

STAGE 4 HAS BEEN ALL ABOUT CONVERGENCE AND HAS
INVOLVED FILTERING ALL THE INFORMATION, INTELLIGENCE
AND ANALYSIS GENERATED DURING THE PROCESS

IN ORDER TO DEVELOP A CLEAR SET OF COMPELLING
MESSAGES FOR SENIOR POLICY-MAKERS IN KAZAKHSTAN.
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Fundamental to the project

Identifying the common challenges facing the
upstream oil and gas industry in Kazakhstan
has been a fundamental element of the
roadmapping project. Indeed, the early
stages of the work focused almost entirely on
this issue. Vital to building our understanding
were, first, a series of detailed presentations
from the IOCs and KMG explaining

the difficulties that surround exploration

and production in Kazakhstan’s main ol
provinces. Following these presentations,
Workshops were held to ono\yse the reporTed
difficulties and ultimately convert then info @
set of agreed challenges. The findings of this

.

early work are covered in Report B, Outline
of the Technology Challenges. This report
was extensively reviewed by experts from
across the indusfry and subsequently redrafted
immediately prior fo the June 2012 roadmap
technical workshop.

The roadmapping project identified 15 prime
fechnology challenges facing the upstream
oil and gas industry in Kazakhstan. These fall
info one of five categories, or technical target
areas (TTAs), that span the entire upsteam
industry from the initial exploration for oil and
gas, through field development (reservoir and
facilities) to production operations.

= TEE -
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1.1 | Seismic data acquisition and processing

1.2 | Reservoir description — geology, rock and fluid interpretation
1.3 | Well logging and in-well monitoring

1.4 Core analysis and data interpretation

1.5 Fluid property analysis

2.1 Corrosion plus equipment and materials for sour service
2.2 | Operating in the ice and during cold weather
2.3 | Management of sulphur
R —
Flow assurance and sand control
Water management

- WELLS AND FIELD MANAGEMENT

4.1 Drilling and well costs

4.2 | Field management: optimised recovery including IOR/EOR

u HSE AND OPERATIONS

5.1 Emergency response and disaster recovery

5.2 | Operational HSE risk reduction under sour production conditions

53 Environmental impact



The causes of the challenges
facing the upstream oil and gas
industry in Kazakhstan

The 15 challenges all stem from the same
basic factors relating fo the subsurface
characteristics in Kazakhstan (the geology
and hydrocarbon fluid composition) and the
conditions on the surface within the country
[the geography and the climate).

Subsurface

Complex reservoirs — roughly 80% of
Kazakhstan’s oil and gas reserves are in
sub-salt carbonate or terrigenous sediments
with significant heferogeneity. Recent
discoveries like Zhanazol, Alibekmola,
Urikhtau, Kozhasai, North Truva,
Karachaganak, Tengiz, Korolevskoye and
Kashagan dll fall into this category.

High temperatures and pressures — these
are common and certainly exist in the
country’s largest field, Kashagan.

High H,S reservoirs — some of the highest
reservoir H,S levels in the world have been
recorded in Kazakhsfan. Tengiz crude oil
contains approximately 0.5% by weight
sulphur; the gas is 12.5% H.,S on a molar
basis. Kashagan has more than 15% H,S in
the produced gas.

Surface

Transport - there is no sea roufe info
Kazakhstan and so importing some of the
latest drilling assets and large items of plant
info the country is far from straightforward.
Local transport infrastructure in some areas
is also in need of improvement.

The natural environment — Kazakhstan
experiences massive swings in temperature,
with arctic conditions during the winter.
Offshore, the challenge in Kazakhstan
is working in shallow water, as some
advanced exploration fechniques do
not work well in this situation. (It is
ironic that the global industry, of course,
sees deepwater as the big challenge )
Additionally, ice formation and very low
temperatures af the seabed give rise to
subsea infrastructure issues, notably the
scouring of oil and gas pipelines.

IDENTIFYING THE COMMON CHALLENGES FACING THE UPSTREAM OIL AND GAS INDUSTRY IN
KAZAKHSTAN HAS BEEN A FUNDAMENTAL ELEMENT OF THE ROADMAPPING PROJECT.

KAZAKHSTAN UPSTREAM OIL AND GAS TECHNOLOGY AND R&D ROADMAP
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Ranking the challenges

In a separate exercise designed by
roadmapping specialists from the University of
Cambridge, the 15 challenges were ranked
by technology experts, according fo the
impact that addressing them could have on the
upsiream oil and gos indusiry in Kazakhstan.
Each of the challenges was rigorously assessed
for its capacity fo:

u reduce capex

reduce opex

increase production rate

increase ultimate recovery

reduce environmental and reputational risk

improve personal safety.

mpacr_______o____1__2___3____4a____ |5 |

Each of the challenges was scored on a scale
of 0 = 5 for each of the six criteria and the
fotal score divided by six o give an overall
score of between O — 5 for each one.

The ranking process, in fact, used a standard
industry financial model whereby the impact
scores reflect real monetfary values, as given
in the table below. It is notable that these
figures represent the savings or gains likely
fo be made across all of the fields, ie by the
industry as a whole, in Kazakhstan.

The results of the ranking exercise are shown
opposite. It may come as no surprise fo find
that improved and enhanced oil recovery,
equipment and materials for sour service, and

fr:ﬁl‘i’gﬁ:)“"e" us$ No impact <250 | 250 - 500 5001250 1250 - 2500 | >2500
Reduce opex USS/yr | \(5 imoact <50 | 50-100 | 100-250 250500 5500
(millions)

Increase production rate . B B B

boe/d (thousands) No impact | <5 5-10 10-35 35-70 >70

Increase recovery Noimpact <15 |15-30 | 30-90 90-180 >180

boe (millions)

Reduce environmental risk | No impact | Slight | Minor Moderate  Major Gamechanger
Improve personal safety | No impact | Slight | Minor Moderate  Major Gamechanger

drilling and well costs are judged to be the
most pressing challenges facing the industry
in Kazakhstan. These are followed by water
management, cold weather operations,

risk reduction in sour operations and the
management of sulphur.

Again, using the same financial model, the
overall impact scores may be converted

to real values. On this basis, addressing
successfully the challenge af the top of the
ranking could result in a financial reward fo
Kazakhstan of somewhere in the region of
US$ 7.5 billion; the challenge at the bottom
of the list somewhere around US$2 billion.

OVERCOMING ALL 15 CHALLENGES COULD RESULT IN A
FINANCIAL REWARD OF TENS OF US$ BILLION.
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4.2 Field Management-Optimise Recovery incl. IOR/EOR
2.1 Equipment and Materials for Sour Services

4.1 Drilling and Well Costs

3.2 Water Management

2.2 Operating in Ice/Cold Climate

5.2 Operational HSE Risk Reduction in Sour Conditions
2.3 Management of Sulphur

1.3 Well logging and InWell Monitoring

1.5 Fluid Property Analysis

1.2 Reservoir Description—Geology, Rock and Fluid Interpretation
3.1 Flow Assurance and Sand Confrol

5.3 Environmental Impact

5.1 Emergency Response and Disasfer Recovery

1.1 Seismic Data Aquisition and Processing

1.4 Core Analysis and Data Analysis

Ranking the challenges
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T T
0.75 2.25 5.25
INDICATIVE VALUE (US$ BILLIONS)

IT MAY COME AS NO SURPRISE TO FIND THAT IMPROVED AND ENHANCED OIL
RECOVERY, EQUIPMENT AND MATERIALS FOR SOUR SERVICE, AND DRILLING AND
WELL COSTS ARE JUDGED TO BE THE MOST PRESSING CHALLENGES FACING THE
INDUSTRY IN KAZAKHSTAN.
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Technology solutions

The future of the industry

During the course of the roadmapping

project, experts from all comers of the industry
thought deeply about the 15 prime challenges
facing upstream operators in Kazakhstan

and came up with a fotal over 230 possible
technology solufions to them.

The future for the upstream oil and gas
industry in Kazakhstan is actually all about
these solutions — it is the development and
implementation of the solutions that will
determine how fast and how far the industry
progresses in the years ahead.

To help gef to grips with these solutions, they
were first assessed in terms of their value fo
the industry and their “atiractiveness” within
the broader Kazakhstan context, as explained
below.

Ranking the solutions by their
value and attractiveness

To make the ranking process more
manageable, the 230 solutions were
consolidated. This resulted in a group of
75 bundled solutions, which form the basis
for much of the analysis underpinning this
document.

The results of the ranking exercise —
undertaken using an indusiry questionnaire
and af a highllevel workshop in early 2013
— are shown in the scatter plot opposite. (In
fact, some of the 75 solutions were so closely
linked they were ranked together and appear
as a single point.) A full list of the solutions, to
which the scatter plot can be referenced, is
provided on pages 27-31.

The value of each of the solutions was
computed from the value previously placed
on the challenge to which the solution refers,
combined with an expert assessment of the
impact of that solution on the challenge —
high, medium or low.

Establishing the broader affractiveness (to
Kazakhstan) of the solution involved an
assessment that was based on a series of
criferia, each worth @ maximum of 5 points
and each given equal weighting:

u project cosfs fo implement the solution — a
low cost being most atiractive;

u fime fo implement the solufion — a short fime
being most attractive;

u opportunities for local industry — the greater
the opportunities, the more atfractive the
solution;

u R&D effort needed to devise the solution
— the more R&D effort required, in
Kazakhstan, the more attractive the solution;

u the qualifications needed to devise the
solution — the more expertise that local
people will need to develop, the more
aftractive the solution.

The last two criteria are perhaps counter-
infuitive. The assessment was made on the
basis that the more R&D that is needed and
the greater the fraining requirements, the more
aftractive is the solution. The point is that

such solufions serve fo raise the intellectual

[T IS THE DEVELOPMENT AND IMPLEMENTATION OF THE SOLUTIONS THAT WILL DETERMINE
HOW FAST AND HOW FAR THE INDUSTRY PROGRESSES IN THE YEARS AHEAD.

capacity of the nation, ie make Kazakhstan
more capable of shaping its own future, at
least as far as the oil and gas industry is
concerned.

It could be construed that the best solufions
for Kazakhstan are those towards the top-
right of the chart. However, some solutions
are linked; for example, seismic acquisition
(1.1.1 & 1.1.2) will enable improved 4D
seismic (1.1.4). Hence, care is needed to
ensure complefe capabilities are developed,
not simply point solufions fo a challenge.
Some solutions appear very attractive; sulphur
utilisation (2.3.3), for example. But the market
for sulphur products in Kazakhstan will have
to be developed in parallel with work in the
area. Summarising, this ranking is merely a
guide to priorifies, and should be followed
with care — in fact, all of the solutions here
are important fo some degree.
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TTA 1 RESERVOIR CHARACTERISATION

TTA 2 FIELD EQUIPMENT

TTA 3 FLUID FLOW AND PROCESSING
TTA 4 WELLS AND FIELD MANAGEMENT

TTIA 5 HSE and OPERATIONS

ATTRACTIVENESS P

Solutions ranking by value and affractiveness
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Assessing the solutions by their
mode of implementation in
Kazakhstan

Just as important as ranking the solutions

by their value and affractiveness was an
assessment of what will be needed fo
implement the solutions in Kazakhstan. Firm
input and opinion from across the indusiry
was analysed in order fo judge which
technologies (1) could be simply brought info
the country from outside, (2) could be brought
in but would need to be significantly adapted
to meet local conditions, or (3) would need
considerable research and development in
Kazakhstan to make them viable. The results
are shown in the tables of the solutions on
pages 17-21.

Solutions in category 1 have been described
as transferred solutions, those in category

2 adapted solutions, and those in category

3 invented solutions. Now, even transferred

solutions are likely to involve some fechnical
input in the early stage of their general
deployment. Thus, there is actually a fechnical
R&D capability incline on which the solufions
lie. Transferred solutions will need only low
fechnical R&D input; invented solutions will
need a high one.

While true innovation is to be commended,
it makes great sense, if possible, fo take
advantage of technology that has been
thoroughly researched and developed — and
proven in use by ofhers. There is much fo

be said for being a so-called fastfollower

of technology. Powers of invention should
be saved for challenges that are unique

to Kazakhstan, or where the country has
outstanding capabilities.

Depending on the nature of the technology
solution, different parties will have roles

to play in their implementation. The
operafing companies, the internafional
service companies, local industry and the

academic community may all be involved

fo some exfent or another. Rarely is a single
party likely to make an impact on its own,

a fact made clear in the table and which
reinforces the message that progress in
technology terms in Kazakhstan will be fastest
when there are good communications and
effective collaboration between the various
stakeholders in the upstream oil and gas
industry.

The assessment is infended fo help different
parties befter understand what is going fo be
required to bring the Kazakhstan upstream
oil and gas industry info line with those in
leading countries around the world. Most
importantly, it provides an indicator of where
effort can best be applied fo enhance the
implementation of key new technology
solutions in Kazakhstan.

The findings of this assessment have been
combined with those of the topic mapping
exercise fo provide the input for the R&D,
local industry and skills maps. From these
have been derived the main findings of the
overall Kazakhstan upsfream oil and gas
technology and R&D roadmapping project.
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The technology solutions and their mode of implementation

RESERVOIR CHARACTERISATION

TRANSFER/
ADAPT/ INVENT

OPERATORS

LOCAL INDUSTRY ACADEMIA

1.1 Seismic data acquisition and processing

1.1.1 | Seismic acquisition for shallow waters A [
1.1.2 | Seismic acquisition for enhanced imaging T [
1.1.3 | Non-seismic solutions for reservoir evaluation A ]
1.1.4 | 4D seismic A u [ ]
1.1.5 | Seismic processing for improving imaging T u ]
1.1.6 | Integration of seismic & other data A |
1.1.7 | Advanced seismic inversion T u [ ] ]
1.2 Reservoir description — geology, rock and fluid interpretation

1.2.1  Basin modeling A [ ]

1.2.2 | Seismically constrained geological models T u

1.2.3 | Integrated static & dynamic models T ] ]

1.2.4 | Advanced seismic inferpretation techniques for subsalt carbonates A [ ] [
1.3 Well logging and in-well monitoring

1.3.1 | Reservoir characterization (permedbility, pressure, contact) and fluid typing using wireline tools T |

1.3.2 | In-well monitoring for observing reservoir dynamics T |
14 Core analysis and data interpretation

1.4.1 | Special core andlysis facilities in Kazakhstan A [ ] [ ]
15 Fluid property analysis

1.5.1  Fluid characterisation methods A [ ] [
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The technology solutions and their mode of implementation

FIELD EQUIPMENT

TRANSFER/

OPERATORS

LOCAL INDUSTRY ACADEMIA

2.1 Corrosion plus equipment and materials for sour service ADAPT/ INVENT

2.1.1 | Corrosion resistant materials for Kazakhstan conditions A [ ] ]
2.1.2  Fiber optic leak defection techniques T

2.1.3  Leak reduction and elimination A ]
2.1.4  Control of sulphur production by reinjection T [
2.1.5 | Sour gas equipment T ] ]
2.1.6  Local Production of Corrosion inhibition chemicals A ]
2.2 Operating in the ice and during cold weather

2.2.1  Jack-up rigs capable of working in Arctic conditions all year round I ]
2.2.2  Offshore installations to work uninterrupted in Arctic conditions A [ [ ]
2.2.3 | Numerical andlysis for interaction of heavy pipe with ice for ice-scouring A [ ]
2.2.4 | Ice & weather prediction capabilities A |
2.3 Management of sulphur

2.3.1  Sulphur storage A | |
2.3.2  Sulphur separation from crude or gas produced A

2.3.3  Sulphur utilization A |
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The technology solutions and their mode of implementation

3 |FLUID FLOW AND PROCESSING TRANSFER/

3.1 Flow assurance and sand control ADAPT/ INVENT OPERATORS ISCs LOCAL INDUSTRY ACADEMIA
3.1.1 3D flow modeling (including multi-phase flow) A [ ] [
3.1.2  Flow assurance modeling and monitoring A [ ] [
3.1.3  Production surveillance and optimization T | [
3.1.4  Multi-phase flow meters (for extreme conditions, self calibrating efc) A ] ]
3.1.5 | Heating for flow assurance T | |

3.1.6 | Well stimulation (remote stimulation techniques) A | [ |
3.1.7  Sand control and removal T | |

3.1.8 | Intelligent completions T |

3.1.9 | Flow assurance chemicals T | | |
3.1.10  Mercaptan removal T |

3.2 Water management

3.2.1  Diagnostic evaluation of water source T ] u ]
3.2.2 | Water control technologies A u [ ] [ ]
3.2.3 | Water clean-up technologies A [ ] [ ]
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The technology solutions and their mode of implementation

30
. LS AND FEED MARAGEMENT LY OPERATORS ISCs LOCAL INDUSTRY ACADEMIA
4.1 Drilling and well costs ADAPT/ INVENT
4.1.1  Casing & liners with improved pressure containment capabilities T [
4.1.2  Drilling through abnormal pressures, high temperatures & H,S T |
4.1.3  Surface pressure control equipment for improved safety (on land & shallow water) A u [ ] [
4.1.4  Drilling safety methods T [ [ ]
4.1.5  Cost effective drilling techniques A u u
4.1.6 | Directional drilling & reach T ] u
4.1.7 | Improved drilling rigs with directional drilling capabilities A |
42 Field management: optimised recovery including IOR/EOR
4.2.1 | Well stimulation T u [
4.2.2 | Advanced waterflooding & EOR A | [ ]
4.2.3 | EOR gas injection T u ] ]
4.2.4  EOR modeling A | [ | [ ]
4.2.5 | Water based fracture fluid systems A |
4.2.6  Fracture monitoring & control T ] ]
4.2.7  In-well monitoring for observing reservoir dynamics T u
4.2.8  In-well monitoring using wireline tools (for integrity & water content) T u
4.2.9  Reservoir monitoring with geo-chemistry & tracers T ]
4.2.10  Well (in)flow control T [ ]
4.2.11 | Optimised field management A | [
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The technology solutions and their mode of implementation

5

HSE AND OPERATIONS

5.1 Emergency response and disaster recovery AJARérN/SlLEVRE/NT OPERATORS ISCs LOCAL INDUSTRY ACADEMIA
5.1.1  Quantitative risk assessment & management A u | u
5.1.2 | Emergency response preparation A | u [ ]
5.1.3  Safety processes & systems A u | | ]
5.1.4  Emergency escape vehicles for arctic conditions A | [ |
5.1.5  Emergency response to oil spills (clean-up, containment, etc) A [ ] ] [}
5.1.6  Disaster management — well capping systems etc T | | |

5.2 Operational HSE risk reduction under sour production conditions

5.2.1  Leak reduction & elimination T |

5.2.2  Breathing apparatus (SCBA) for H,S protection T u u
5.2.3 | Leak detection techniques T |

5.2.4  Technology & automation for risk reduction (eg robots, wireless) I | |
525  SIMOPS methods T |

5.2.6 | Facility management T |

5.2.7  Safety certification & independent verification T | u

53 Environmental impact

5.3.1 | Chemical & membrane methods for oil-water separation A u [ ]
5.3.2  Emergency response o oil spills A u [ ]
5.3.3  Remote sensing / aerial surveillance A u [
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SPECIFIC ‘TOPIC ROADMAPS’ HAVE BEEN DEVELOPED
FROM THE MASS OF INFORMATION GATHERED
DURING THE PROJECT FOR EACH OF THE 15 PRIME
CHALLENGES FACING THE UPSTREAM OIL AND GAS
INDUSTRY IN KAZAKHSTAN.
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Infroducing the topic maps

Introduction to the topic maps

Specific 'fopic roadmaps’ have been
developed from the mass of information
gathered during the project for each of the 15
prime challenges facing the upstream oil and
gos industry in Kazakhstan. The maps depict
the development of fechnology solutions to
each of the 15 challenges. It is hoped the
following explanation will help readers better
understand the approach that was taken to
producing the maps.

First, a litle more detail on the each of the
challenges is provided in the text, under
the heading ‘Challenge commentary’. The
15 challenges are all quite complex and
each one confains a number of elements

[highlighted using bold fext).

Previously, it was explained that during the
project over 230 solufions were put forward

fo the 15 challenges and that these had

been consolidated down to a list of 75.
These solutions were subsequently ranked

and displayed on a scatter plof, which was
presented earlier. Each of the topic maps

is accompanied by a smaller version of the
scatterplot which highlights those solutions that
address the particular challenge on which the
map is based.

Also accompanying each of the topic maps
is a fable that lists the different elements of
the challenge together with the solutions that
address each element of the challenge.

The maps themselves trace the development
of the solutions from the current state of
technology, on the lefthand side of the map,
fowards a goal, described on the righthand
side (in a shaded box), considered to be
achievable by 2025.

Some of the technology boxes are labelled
GAP. This describes technologies that are
more mature outside Kazakhstan than in
country, or which will require significant
adaptation before they can be used
effectively under the sort of conditions found in
Kazakhstan. More details of this analysis can
be found in the project Technology Readiness
Report (Report C).

Finally, each of the topic maps has a
'Solutions commentary’, which provides some
further insight info the information presented in
the map.

THE MAPS THEMSELVES TRACE THE DEVELOPMENT OF THE SOLUTIONS FROM THE
CURRENT STATE OF TECHNOLOGY, ON THE LEFT-HAND SIDE OF THE MAP, TOWARDS A
GOAL, DESCRIBED ON THE RIGHT-HAND SIDE (IN A SHADED BOX), CONSIDERED TO BE

ACHIEVABLE BY 2025.
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1 . Reservoir characterisation

Reservoir characterization is concerned with
building an understanding of the subsurface,
with the focus on those regions where
hydrocarbons are present. It covers not only
the rock structures but also the fluids present in
them and their distribution and composition.
An understanding of the changes occuring
over time within the reservoir, as the
hydrocarbons and associated liquids are
released, is also of the utmost value. Reservoir
characterisation is fundamental fo all aspects
of exploration and production. It determines
whether or not a prospect is commercial,

it drives the drilling programme and sets

the production strategy, something that

will invariably change as knowledge and
understanding of the reservoir increases.

Seismic surveying, well logging and
monitoring, core and fluid analysis, and, of
course, reservoir modelling all have a role
fo play in helping to understand the reservoir
and make the best business and operational
decisions throughout the life of the field.

Characterising Kazakhstan's complex
reservoirs with their generally high levels of
heterogeneity is not straightforward. However,
it is vital to working out how to maximise
production, offen involving improved and
enhanced oil production fechniques — IOR
(waterflooding] and EOR.

35

CHARACTERISING KAZAKHSTAN’S COMPLEX
RESERVOIRS WITH THEIR GENERALLY HIGH LEVELS OF
HETEROGENEITY IS NOT STRAIGHTFORWARD

4.2 Field Management—Optimise Recovery incl. IOR/EOR [ |
2.1 Equipment and Materials for Sour Services [ I —
4.1 Drilling and Well Costs [ I NN ——
3.2 Water Management [ I I ——
2.2 Operating in Ice/Cold Climate [
5.2 Operational HSE Risk Reduction in Sour Conditions [ [ -
2.3 Management of Sulphur 1 I
1.3 Well logging and In"Well Monitoring [ I
1.5 Fluid Property Analysis [ .
1.2 Reservoir Description-Geology, Rock and Fluid Interpretation [ .
3.1 Flow Assurance and Sand Control [ s
5.3 Environmental Impact 1 I
5.1 Emergency Response and Disaster Recovery [ I

1.1 Seismic Data Aquisition and Processing [ IS
1.4 Core Analysis and Data Analysis 1 I

W Other priority areas

I Reservoir characterisation
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! ! THE GOAL MUST BE TO BRING KAZAKHSTAN UP TO WORLD-CLASS

STANDARDS IN TERMS OF SEISMIC ACQUISITION AND DATA
PROCESSING, WHICH WILL THUS LEAD TO INCREASED RESERVES,
IMPROVED SWEET-SPOTTING OF RESERVOIRS AND RAISED LEVELS
OF HYDROCARBON PRODUCTION.



1.1 Seismic data acquisition and processing

Challenge commentary

The challenge for Kazakhstan in this area is
simple: operators need befter seismic images
of the complex reservoirs that make up the
bulk of the nation’s reserves.

Most reservoirs in Kazakhstan are in
relatively complex carbonate formations
that are overlaid by salt. Consequently,
seismic image quality is o major issue both
onshore and offshore. Kazakhstan's biggest
field, Kashagan, is a classic case in point.
The problem is made worse at Kashagan,
as modern high-density and wide-azimuth
streamer fechnology does not work well

in shallow water. Poor seismic quality is
also observed in clastic reservoirs lying
beneath carbonate formations; fields such
as Karachaganak and Pearls are known

fo have this problem. Eliminafion of water
bottom multiples is another issue: these
degrade image quality and hamper the use of
advanced data processing fechniques.

Understanding the heterogeneity common in
carbonate reservoirs is a particular challenge.
Tengiz and Chinarevskoe, for example, both
have adjacent units with quite different porosity
and permeability. Determining the disfribution
of these properties is vital to optimising
hydrocarbon recovery; it requires seismic data
with higher lateral and vertical resolution
than is normally achieved in Kazakhstan.

The design and acquisition of 4D seismic

is the other challenge in this technology
area. This is not well established in
Kazakhstan. An improved capability would
be of significant benefit, especially in terms
of better understanding the performance

of waterflooding operations and the
identification of stranded or bypassed zones.

VALUE »

CHALLENGE (elements)

Seismic imaging sub-salt &
in carbonates

1

1

ATTRACTIVENESS >

TECHNOLOGY SOLUTIONS

Seismic acquisition for shallow waters

1

1.2

Seismic acquisition for enhanced imaging

1

1.5

Seismic processing for improving imaging

Seismic resolution to determine
reservoir characteristics

1

Seismic acquisition for shallow waters

1.2

Seismic acquisition for enhanced imaging

1.3

Non-seismic solutions for reservoir evaluation

1.5

Seismic processing for improving imaging

1.6

Integration of seismic & other data

17

Advanced seismic inversion

Design & acquisition of
time-lapse (4D) seismic

1

Seismic acquisition for shallow waters

1.2

Seismic acquisition for enhanced imaging

1.4

4D seismic
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Solutions commentary

The seismic solutions are grouped info the
natural steps of data acquisition, processing
and inferpretation. The seismic data, where
appropriate, are combined with non-seismic
data and utilised in a more sophisticated
manner over fime fo provide key information,
including fracture orientation and size,

high resolution lithology distribution, fluid
movements and permeability distribution. This
information, which for key fields is expected
to be available on demand via permanent
moniforing, will significantly impact reserves
and production.

In the near ferm, current global practices
need to be transferred into Kazakhstan, in
some cases they require adapting before
being suitable for use. Some have already
been used, but with mixed results and their
use has not been widespread. Survey design
underpins the seismic capability and source
and sensor coverage, together with spatial

sampling; all of this needs fo be optimized
based on the subsurface targets, while
being constrained by cost considerations.
Irespective of processing or inferpretation
capabilities, sub-optimal input field data
cannot be rectified. Optimal design will
improve existing 4D repeatability, it also
will enable broadband, wide-azimuth

and other more sophisticated acquisition
methods — although these are also likely to
require adapting for the shallow waters of the
Caspian.

On the processing side common reflection
point stacking (CRS) for noise removal,
pre-stack depth migration (PSDM| for
improved imaging, and advanced water
bottom multiple attenuation needs to become
standard practice. Significant computer power
is required fo enable this. With the newer
acquisition methods and processing capability
growth, full wave-equation-based seismic
processing is the near ferm goal.

The improved data needs fo be interpreted
with the lafest 3D visualisation and atiribute
analysis packages available. In the mid term,
acquisition design will improve further, land
seismic should move towards mega-channel,
single-sensor, highfold surveys — providing
step changes in land subsurface images,
while probabilistic inversion for reservoir
properties will become standard.

These developments will be paralleled by
wide coverage with non-seismic methods,
which when combined with seismic further
reduce subsurface uncertainties. All these
steps will be further refined in the long term
with permanent 4D, multi-component sensors
and the ability fo defermine fractures and infer
permeability; thus providing the support for
increased production and reserves.

KAZAKHSTAN UPSTREAM OIL & GAS TECHNOLOGY AND R&D ROADMAP



TECHNOLOGIES AND GAPS

INDUSTRY

SKILLS

ENABLERS

Seismic acquisition in
shallow water

i

Seismic acquisition

Seismic acquisition for
enhanced imaging

design
v

Increased repeatability |
4D

Broadband acquisition

OBC/OBN wide azimuth acquisition
Shear wave, PS & SP, seismic

High frequency cross-well seismic
Micro-seismic to monitor fraccing

High-end, including MC,
seismic acquisition design

4D seismic acquisition

CRS; multi-focusing

F

Seismic processing for
improved imaging

i
iy
iy

PSDM standard

|_

Advanced water bottom
multiple attenuation

Yy

Advanced land seismic

|

New multicomponent

Single sensor, high fold

sensors

Borehole VSPs during

conventional acquisition

Multicomponent
processing

Advanced seismic
inversion

3D visualisation and

attribute analysis

Full waveield seismic processing

v

Fracture determination

:

Probabilistic inversion for

Integration of seismic
with other data

Non-seismic acquisition

v

High-repeatability 4D

" reservoir properties

1.1 Seismic data acquisition and processing

p| Country-wide high-res gravity survey

.| Near surface imaging

m Services for 3D visualisation

and attribute analysis
B Acquisition design studies

Equipment for seismic acquisition

(Trucks, accommodation, logistics)

B Establish annual cycle: R&D and operator/ISC interaction

B Seismic inversion

® Optimised stacking, logistics

¥ Training centre for processing geophysicists
B Micro-seismic capability development

B Establish R&D governance

B Access to computing power
m Operator consortium to fund seismic capability

seismic acquisition

v

place

Permanent 4D seismic in | |

W Support production
increase by better
imaging and 4D
seismic

® Double production
from fractured
carbonates

m Double reserves —
pre-salt

B Permanent
monitoring in place
for many fields

W Permeability
assessment based
on seismic

| Tomography + non-seismic

u Offshore acquisition services

® Highend land acquisition services

m High-end processing
® Build seismic vessels

B Multicomponent processing
® Country-wide high-res gravity
B Fracture defection

= Non-seismic + seismic integration

B Time-lapse interpretation

Multi-component seismic processing services

Permeability assessment based on seismic




THE OBJECT MUST BE TO INCREASE RESERVES AND PRODUCTION
THROUGH THE CREATION OF HIGH RESOLUTION RESERVOIR
MODELS FORMED BY THE THOROUGH INTEGRATION OF SURFACE
AND SUBSURFACE DATA. COUNTRY-WIDE CENTRAL DATABASES
CONTAINING INFORMATION ON BASINS, FIELDS AND RESERVOIRS
AS WELL AS INCREASED COMPUTING POWER ARE CERTAIN TO BE
IMPORTANT FACTORS IN ACHIEVING THIS.



1.2 Reservoir description — geology, rock and fluid interpretation

Challenge commentary

A challenge in Kazakhstan is to improve
reservoir modelling, as it this is key fo gaining
a better understanding of the local petroleum
systems and raising hydrocarbon recovery
and operational efficiency. Sedimentology,
sequence sfrafigraphy, structural geology,
fectonics, palaeocenvironmental studies,
palaeography and source rock maturation
lall basin-wide disciplines| each have a role

fo play.

Problems of inadequate reservoir modelling,
especially high resolution simulations with fine
grids, have reported for important fields such
as Tengiz, Kashagan, Karachaganak, Uzen,
Zhetybay, Kalamkas, Kenkiyak, Kumkol,
Kenbay and Nurzhanov.

Part of the problem of reservoir
characterisation is the lack of constraints on
static and dynamic reservoir models due

to the limited geological, matrix and fluid

information available. Substandard data
inferprefation (linked fo the complexity of the
reservoirs combined with a lack of computing
power] is another issue, as is the limited
ability to carry out genuinely integrated
reservoir modelling (IRM].

The detailed mapping and analysis of

tight carbonate reservoirs is a specific
challenge — understanding permeability
changes occurring as the production rate falls
[vital input to EOR studies) could have a huge
positive impact on oil and gas production in
Kazakhstan.

As noted earlier, waterflooding is common

in Kazakhstan, which partly accounts for the
high water cuts in many fields. The challenge
is therefore to improve the efficiency

of waterflooding, which requires more
detailed subsurface mapping and a better
understanding of the water leg within the
reservoir,

VALUE »

_._.
NI
NN

w

ary

ATTRACTIVENESS»

CHALLENGE (elements) TECHNOLOGY SOLUTIONS

Reservoir characterisation
(matrix & fluids)

1.2.1

Basin modelling

1.2.2

Seismically constrained geological models

1.2.3

Integrated static & dynamic models

1.2.4

Advanced seismic interpretation techniques for
subsalt carbonates

Tight reservoirs identification
and permeability change during
production

1.2.2

Seismically constrained geological models

1.2.3

Integrated static & dynamic models

1.24

Advanced seismic interpretation techniques for
subsalt carbonates

Effective water flooding

1.23

Integrated static & dynamic models
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Solutions commentary

The long term goal is to have static and
dynamic subsurface models that are consistent,
include the full spectrum of spatial coverage
and resolution, utilise all the available
subsurface data and provide robust subsurface
forecasts (including uncerfainties).

In the near term, further optimisation of current
practices in Kazakhstan is required in basin,
seismic-constrained and automated modelling.
Basin modelling requires country-wide
geological information as input. To enable
this, information needs to be shared in digital
format, with a clear framework and standards
in place. On the seismic side, probabilistic
[rather than deferministic) practices need fo be
widely adopted and a move made towards
the use of prestack and multi-component
data, assuming the seismic is of high enough
quality. Assisted hisfory matching using seismic,

production and other data also needs to be
more widely adopted; the result would be
models that are more consistent with the input
dafa and provide uncertainty estimates. All
these activities ultimately need to be combined
info state-ofthe-art models, which are high
resolution, fully integrated with all available

constraining data, and can be easily updated.

Computer power and data in digital form will
be key enablers for these acfivities.

As inpuf data improves in the mid term,

these efforts will be further optimised and
intfegrated. The ability to take advantage of
the rapidly increasing amount of data should
be the objecfive. The predictive capability

of the models will improve, enabling the
operators fo befter manage well and reservoir

activities in both the short and long timeframes.

Better information will also be provided to
the Government to assist national planning
acfivities for the upstream oil and gas indusiry.

In the longer term, greater consistency between
the activities undertaken by the operators will
ensure that the information and predicted
subsurface behaviour, is rolled upwards in

a robust manner fo the benefit of the whole
industry and, indeed, the nation.
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Online country-wide database for geological data:
Basi dell u Create framework for Internet database
asin modeting » Standards and formats for data transfer

= Digital data

Models as decision-making fools:
Seismically constrained — v u Operators make models for ongoing
geological models = Probabilistic approach to models operations

= Pre-stack seismic interpretation = Government may want/need different m State-of-the

= Multi-component interpretation models for reserves/longterm view artmodelling, hi-res
Advanced seismic interpretation * (m-scale)
techniques for subsalt carbonates Y u Realtime data
updates

Build state-of-art models:

= Hires

= Fully integrated static, dynamic and surface models
= Realtime data updates

Establish stage-wise review

process for model review = Full integration
y between surface

and subsurface

TECHNOLOGIES AND GAPS

+ Integrated workflows: geology, seismic
. . . acquisition, petrophysics, reservoir
Integrated static and dynamic E ) = Assisted history maiching engineering, static and dynamic data

models = Uncertainty analysis integration

Better/broader utilisation of
computational centres in universities
Digital database creation
Digitisation of data

Management of country-wide database

INDUSTRY

Digenesis evaluation
Subsalt R&D required Porosity evaluation
P ismic d Structural geology and fractures
por setemic cata Fluid chemistry, hydrocarbon typi k maturation, migration and i
Identify formats and standards for ROK dUI chemistry, hydrocarbon typing, source rock maturation, migration and time
ependency
Sedimentology: forward modelling

SKILLS

(integrated teams) between by industry in the universities
R&D institutes and industry

Skilled and E u Cross-posting of staff = Practical MSc programmes esfablished

experienced staff

= Computing power
u Clarify role of modelling in reserves definition and booking
u Kazakhstan database for seismic, wells, logs & production data

ENABLERS

1.2 Reservoir description — geology, rock and fluid interpretfation




KAZAKHSTAN HAS THE POWER TO BECOME THE REGIONAL CENTRE
OF EXCELLENCE FOR WIRELINE LOGGING AND TO ESTABLISH A
PIONEERING POSITION IN IN-WELL MONITORING. ACCESS TO
ADVANCED DATA WOULD ENABLE THE INDUSTRY TO GAIN A MUCH
DEEPER INSIGHT INTO RESERVOIR PROPERTIES AND BEHAVIOUR
BEFORE AND DURING PRODUCTION.



1.3 Well logging and in-well monitoring

Challenge commentary

In a number of fields in Kazakhstan, it has
been observed that high porosity zones are
unable to sustain flow, while low porosity
zones produce readily. Chinarevskoe and
Kashagan exhibit this behaviour. The reason
for this, of course, relates to permeability
differences.

The problem is that there is no fundamental
relationship that links porosity and
permeability. And while porosity information
can be derived from standard wireline
logging data, permeability can only be
calculated from direct measurements of flows
and pressure differentials.

Well logging in Kazakhstan is typically
undertaken by specialist infernational

service companies, a situation reproduced

the world over. However, the nature of the

field operations in fractured formations in
Kazakhstan, the high-pressure, hightemperature

nature of the reservoirs and the sour conditions
often lead to sub-optimal results.

Under the circumstances, the acquisition of
the sort of data needed to obtain permeability
information (using more advanced magnetic
resonance fools, wireline formation testers
and formation sampling fools| represents a
significant challenge.

In-well (continuous, real-time) monitoring,
typically using distributed temperature or
acoustic sensors and downhole pressure
gauges, is a natural extension of wireline
logging, but is in ifs early stages. The
challenge lies in selecting the most suitable
wells in which to apply the technology and
then tailoring the monitoring hardware to

the chosen application. In-well monitoring

has much to offer in Kazakhstan in terms of
improving operafors’ understanding of reservoir
behaviour but there is a lot of work to be done
before the indusiry is in a position to exploit it
on a routine basis.

VALUE »

_._.
wow
N —
o

ATTRACTIVENESS >

CHALLENGE (elements) TECHNOLOGY SOLUTIONS

Production tests without testing

1.3.1 Reservoir characterization (permeability, pressure, contact)
and fluid typing using wireline tools

Real time in-well monitoring

1.3.2 “In-well monitoring” for observing reservoir dynamics
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Solutions commentary

The proposed technology solutions in this
area are related to well logging for reservoir
characterization and in-well monitoring for
gaining a better understanding of reservoir
dynamics. Both were judged fo be of high
value but not necessarily prime candidates for
R&D in Kazakhstan.

For reservoir characterization, it is important
now that the best practices being applied

in some fields in Kazakhsfan are applied
more broadly and that the available well
logging tools are fully utilized. Longer term,
the focus should be on the acquisition of better
permeability data using specialised wireline

fools (for example, NMR), wireline formation
festers and samplers. These will all lead fo

a better understanding of rock and fluid
properties and reservoir behaviour, which can
then be used to update the reservoir models.
Potential local R&D opportunities include
support for improved well logging technologies
and improved reservoir modelling. This could
further lead to local industry opportunities to
partner with established well logging service
providers and adapt technologies and
equipment fo Kazakhstan condifions.

Regarding in-well monitoring, there are existing
and emerging passive technologies, such as
downhole pressure gauges, flux, fiber opfics

systems [DTS) and microseismic that can be
deployed in the near ferm fo acquire reaHime
data and improve reservoir management and
decision-making. Wells need to be set up now
with smart sensors; this would open the way
for smart fields in which it is possible to react
with agility o dynamic changes in the reservoir
performance.

As noted elsewhere, technical support for the
development of fiber opfic systems, adaptation
to Kazakhstan conditions, and broad
deployment in support of smart wells {and
ultimately smart fields) constitutes a potential

R&D opportunity.

Extending the local knowledge base in specific
disciplines such as reservoir engineering,
petrophysics, production technology, well
engineering and production chemistry will be
necessary before Kazakhstan companies will
be able to contribute in this area.
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TECHNOLOGIES AND GAPS

INDUSTRY

ENABLERS  SKILLS

Reservoir characterisation
(permeability, pressure, contact)
and fluid typing using wireline
tools

Wireline formation
testing tool

Expand application of best

Permeability acquisition

practices

Unconsolidated
clastics well logging

using NMR tools

A

Understand complex fluids,

A

rocks and reservoir behaviour

“In-well monitoring” for
observing reservoir dynamics

Updated reservoir models

T

E_,

DTS/micro-seismic

and PDHG

= DTS interpretation

= Compositional grading understanding and transient
temperature interpretation.

= Intellipipe

= PDG smart data handling

1.3 Well logging and in-well monitoring

Downhole flowmeters
permanently installed

Smart wells

Maximise hydrocarbon
recovery by thorough
understanding of
reservoir

u Develop WFT mini-DST capability

u Permeability from NMR
= [WD in CHCD
= Compositional modelling

Smart fields




SETTING UP SCAL FACILITIES IN KAZAKHSTAN AND TRAINING
STAFF IN THE MOST IMPORTANT TECHNIQUES OUGHT TO BE
RELATIVELY STRAIGHTFORWARD - PARTNERSHIPS WITH EXISTING
INTERNATIONAL SERVICE PROVIDERS WOULD SEEM A SENSIBLE
WAY TO MOVE FORWARD QUICKLY. THE OPPORTUNITY EXISTS FOR
KAZAKHSTAN TO BECOME A REGIONAL HUB FOR CORE ANALYSIS
SERVICES.



1.4 Core analysis and data interpretation

Challenge commentary

Routine core analysis and special core analysis
[SCAL) are key to improving our understanding
of oil and gas reservoirs and gaining a true
esfimate of their reserves. The data from these
various analyses drives field development
decisions and drilling campaigns.

Unfortunately, local Kazakhstan capability in
this area is limited and most of the work has to
be done overseas, which leads fo higher costs,
inconvenience, and delays.

Moreover, full or partial cores cannot be
exported from Kazakhstan; only limited

plugs from the core are allowed out of the
country and this takes a long time to arrange.
This erodes the value of the core, creates
uncerfainfies with analysis results and severely
holds up development decisions.

There is also an inability in Kazakhstan to
conduct core displacement tests with live sour
fluids. These tests are hazardous and can only
be done in Edmonton, Canada. Considering

how many large sour fields there are in
Kazakhstan, it would make huge sense to bring
this technology info the country. It would raise
understanding of relafive permeability and

help defermine remaining oil saturations, thus
accelerafing the development of sour fields.

The challenge is to establish core analysis
laboratories in country capable of providing
services that maich those available
internationally. The staff for these core analysis
laboratories will need fo suitably frained;
particularly important will be the development
of expertise in analysing carbonate reservoir
cores and carrying out studies, for example,
designed to mimic the acid treatment of these
cores at abnormally high temperatures and
pressures.

VALUE »

49

® 141

ATTRACTIVENESS >

CHALLENGE (elements) TECHNOLOGY SOLUTIONS

Core analysis infrastructure &
equipment

Data analysis capability

1.4.1 Special core andlysis facilities in Kazakhstan

KAZAKHSTAN UPSTREAM OIL & GAS TECHNOLOGY AND R&D ROADMAP



50

Solutions commentary

There is much to be gained by building a
specialised SCAL services capability {focused
on the study of sour reservoirs) in Kazakhstan.
The country has the potential to become a
regional centre for such work, possibly even
the world's leading centre in the long term.

Kazakhstan's complex rocks and fluids dictate
the need for special measurements that require
the displacement of sour in-situ fluids fo be
performed on a core from the same formation.
These measurements are only available in
Canada, which serves as the world's centre of
excellence for such measurements.

By adopting such fechnologies in Kazakhstan,
and by the sheer magnitude of its application
in Kazakhstan, the country could become,

in time, the new centre of excellence for this
work.

There are other issues in this area, for example,
surrounding solid hydrocarbons (bitumen)
present in abundance in the pore space. Core
NMR measurements are needed fo study this.
However, owing fo the low porosity of some
carbonate rocks in Kazakhstan, NMR logs
cannot resolve such issues. More research

is needed here; cooperation between 10Cs,
ISCs and NOCs would be valuable in
esfablishing this work in the top universities in
Kazakhstan.
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INDUSTRY TECHNOLOGIES AND GAPS

SKILLS

ENABLERS

Special core analysis facilities
in Kazakhstan

SCAL implementation of:

u X-ray diffraction

u NMR rock mechanics and core plugs

u High-pressure mercury injection (0-60kpsia)

u Centrifuge capillary pressure with automated saturation
monitoring.

Centre of Excellence for sour fluids (SCAL) for
the following:

= Probe permeability determination.
= Formation resistivity factor and index in

different situations

= Formation damage (un)steady state relative
permeabilities

= Laser-induced plasma spectroscopy

Hydrogen sulphide core analysiscore floods with live fluids
at reservoir femperature and pressure

Porosity-permeability measurements for fractured core.
Electroresistivity measurements at global standards

Live fluids relative permeability experiments

Centre of Excellence for sour fluids (SCAL) for
at least 50% executed in-country:

= Capillary pressure measurements (PCRI,

MICP)
= Relative permeabilities under (un)steady
state conditions

Basic SCAL-X-ray diffraction, fluids compatibility, stressed
(advanced) pore permeability capillary pressure,
tomographic core analysis

Commercial availability of

Skilled and experienced staff E

Core NMR correlation to logs

Regional hub, Centre of

Excellence for:

m Core analysis: NMR,
relative permeabilities with
live oil and sour gas
reservoirs

B Carbonate NMR

interpretfation

advanced SCAL services
A

NMR interpretation of complex

= Targeted graduate programme

u Collaboration between IOCs, NOCs and in-country laboratories

= Agreements with international laboratories

1.4 Core analysis and data interprefation

rocks (carbonate)

SCAL with live fluids




JUST AS FOR CORE ANALYSIS, SETTING UP PVT FACILITIES IN
KAZAKHSTAN AND TRAINING STAFF IN THE MOST IMPORTANT
TECHNIQUES IS AN ACHIEVABLE GOAL. THE OPPORTUNITY AGAIN

EXISTS FOR KAZAKHSTAN TO BECOME A REGIONAL HUB FOR WORK
OF THIS KIND.



1.5 Fluid property analysis

Challenge commentary

As in the case of core analysis, the challenge
is fo create a strong fluid property analysis
capability in Kazakhstan: io establish
laboratories, frain local staff and develop

the expertise necessary fo characterise the
sort of fluids (nofably with high levels of H,S)
commonly encountered by the Kazakhstan
upsiream indusiry.

Fluid properties analysis (commonly known as
PVT) provides vital information on produced
fluids, their phase behaviour in the reservoir
rock, and the way they behave when
displaced by water or gas.

As such PVT data is extremely valuable
when designing waterflooding operations.
For example, it is particularly perfinent fo
understand the likelihood of scale formation
resulting from the inferaction of the injection
water and the formation water. Kumkol South
and Pearls, for example, face this problem.

PVT information also helps in estimating
reserves, forecasting production rates,
designing processing facilities and pipelines,
and is the basis of calculating the value of the
produced fluids to the market. This information

is needed at the beginning of the exploration
phase in order to defermine the opfimum
development scheme.

A particular challenge in this area is the
measurement of sulphur species and
mercaptans in the produced stream. The data
are very time-sensitive (the compounds decay
with fime]; measurements are affected by very
small levels of contamination; and species are
easily absorbed by the tanks containing them.

The lack of laboratories capable of making
measurements like these soon affer the recovery
of the fluid samples creates a major problem,
which has severe financial implications:
facilities can end up being overdesigned
because of the lack of good information.

As well as developing a PVT capability in
Kazakhstan, establishing geochemistry labs in
Kazakhstan capable of isofope defection and
analysing the origin of hydrocarbons could
help immensely in developing accurate basin
models, and can also lead to more accurate
produced fluids allocation.

VALUE »

53

1.5.1

ATTRACTIVENESS >

CHALLENGE (elements) TECHNOLOGY SOLUTIONS

Develop a strong fluid
characterisation capability

in Kazakhstan to avoid the
problems connected fo the need
to export samples for analysis

1.5.1 Fluid characterisation methods; advanced PVT;
use of GC.GC and MD.GC techniques
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Solutions commentary

Kazakhstan's super-critical and sour fluids
dictate the need for special measurements
that require special equipment. These
measurements are only available in Canada,
which serves as the world's centre of
excellence for work in this area. Having

the ability to carry out work of this kind in
Kazakhstan would provide fremendous
benefits and confribute fo increased levels of
hydrocarbon recovery.

By adopting such fechnologies in Kazakhstan,
and by the sheer magnitude of its application

in Kazakhstan, the country has the potential to
become a new centre of excellence for fluids

and related analysis.

There is another issue in this area connected

fo the analysis of solid hydrocarbons [bitumen]
present in abundance in the pore space. To
quantify its source, the lafest geochemistry
fechniques are needed. Exporting samples

is not feasible in this case, owing fo the

need fo carry out analyses very quickly after
samples are recovered. Cooperation between
IOCs, 1SCs and local institutes would help in
esfablishing research centres for advanced PVT
with sour capabilities and geochemisiry studies
in Kazakhstan.
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INDUSTRY TECHNOLOGIES AND GAPS

SKILLS

ENABLERS

Fluid characterisation methods E—}

Bring in lafest equipment, e.g., advanced gas

chromatographs (GCGC and multidimensional GC)

A 4

Standardise analysis of crude, mercaptan, sulphur
species an water samples.

advanced gas chromatography

Limited capabilities with E

Advanced PVT capabilities

World class PVT sour services

Regional Centre of
Excellence/hub for fluid

analysis in sour services

Regional hub for fluid analysis
in sour services

4

Sulphur species analysis and more accurate fluid characterization

Skilled and experienced staff E

Training on GC technologies

1.5 Fluid property analysis

= Improve ease of importation for latest technology







2. Field equipment

Designing and building the production
infrastructure required not only to cope with
the sour crudes found in Kazakhstan but also
fo operate in what is a distinctly challenging
environment represents a huge challenge.

Corrosion is a constant threat. Drilling is
difficult. There are tremendous demands put
on offshore sfructures. And dealing with all

of the sulphur produced is one of the biggest
issues facing the Kazakhstan upstream oil and
gos industry.

The challenges in this area are immediately
obvious o anyone with any upstream
experience. They affect production directly
and continuously, a fact that perhaps explains
why they were considered to be among the
most important challenges by participants in
the roadmapping project.

57

THE CHALLENGES IN THIS AREA ARE IMMEDIATELY
OBVIOUS TO ANYONE WITH ANY UPSTREAM
EXPERIENCE. THEY AFFECT PRODUCTION DIRECTLY
AND CONTINUQUSLY

4.2 Field Management—Optimise Recovery incl. IOR/ECR I I
2.1 Equipment and Materials for Sour Services [ FE—
4.1 Drilling and Well Costs [ .
3.2 Water Management [ e
2.2 Operating in Ice/Cold Climate I I
5.2 Operational HSE Risk Reduction in Sour Conditions [ I
2.3 Management of Sulphur [ E—
1.3 Well logging and In-Well Monitoring [ e
1.5 Fluid Property Analysis [
1.2 Reservoir Description—Geology, Rock and Fluid Interprefation [ e
3.1 Flow Assurance and Sand Control I e
5.3 Environmental Impact 1 I
5.1 Emergency Response and Disaster Recovery [ e

1.1 Seismic Data Aquisition and Processing [ [
1.4 Core Analysis and Data Analysis 171 [

W Other priority areas
[T Field equipment
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! ! KAZAKHSTAN HAS THE POWER TO BECOME A LEADER IN INTEGRITY

MANAGEMENT FOR SOUR SERVICE, PROVIDING MATERIALS,
PRODUCTS AND SERVICES TAILORED TO THE LOCAL ENVIRONMENT
AND MEETING THE HIGHEST INTERNATIONAL STANDARDS.



2.1 Corrosion plus equipment and materials for sour service

Challenge commentary

A combination of extreme weather, production
streams confaining high levels of carbon dioxide
and hydrogen sulphide and, in some cases,

an offshore environment means that corrosion

is a severe challenge for the Kazakhstan oil

and gas indusiry. Uzen, Karamadybas and
Zhetybay, all high water cut fields, are known to
have problems with production casing integrity,
while mature fields like Kumkol South, Tengiz
and Korolev are reportedly beset by a variety
corrosion-elated issues.

Improving corrosion management across
Kazakhstan's oilfields is a huge challenge.
However, the prize is considerable: better
management would lead 1o more efficient
operations, improved productivity, and
reduced downtime; it would also improve
HSE performance.

Effective and early leak detection is a specific
issue. Kazakhstan needs to have robust
systems for leak defection af the surface and
downhole that are tailored fo work under
conditions where H,S is present.

High pressure, high temperature streams
containing extremely high levels of H,S
place enormous demands on the pumps
and compressors used for liquid and,
especially, gas reinjection. Such equipment
for sour service is available internationally
but conditions in fields such as Kashagan
are as exireme as anywhere in the world
(15% H,S). The challenge is take the best
available technology, adapt it and apply it in
Kazakhstan.

Corrosion-resistant alloys and reinforced
polymer materials can provide good
confainment solufions in demanding
production environments and for pipelines
carrying aggressive streams. But they

are expensive and have long lead times.
Kazakhstan needs to develop its own
materials science capabilities in this area in
order to provide costeffective and tailored
solutions to the corrosion problems faced on a
frequent basis by most operators.

VALUE»

2.1.2 2.1.1
2.1.4
2.1.5
2.1.6
]
|
2.1.3

ATTRACTIVENESS >

CHALLENGE (elements) TECHNOLOGY SOLUTIONS

Corrosion management
methods

2.1.1 Corrosion resistant materials for Kazakhstan conditions

Leak defection

2.1.2 Fiber optic leak detection techniques

2.1.3 Leak reduction and elimination

High pressure pumps and
compressor for sour

2.1.4 Control of sulphur production by reinjection

2.1.5 Sour gas equipment

Cost effective corrosion
resistant materials

2.1.1 Corrosion resistant materials for Kazakhstan conditions

2.1.6 Local Production of Corrosion inhibition chemicals
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Solutions commentary

There were six principal solutions identified to
the challenge of dealing with corrosion caused
by the processing of sour crudes. Corrosion-
resistant materials fechnology was deemed fo
have the biggest role fo play: the improved
availability of nonferrous and polymer materials
— at costs significantly lower than today's —
would be of fremendous benefit to the industry.
This is reflected in the fact that this solution came
out top of the value/affractiveness ranking
exercise carried out as part of the roadmapping
project. The value element is clear: the safe
processing of sour crude is fundamental fo

the sustainability of the indusiry, and materials
technology is the key fo this. The affractiveness
of the solution is linked to the ability of the

R&D community in Kazakhsfan to contribute in

this area, and also the opportunities for local
indusry ultimately to provide the necessary
manufacturing capacity. To aid progress in this
areq, it would make sense first of all to introduce
corrosion management best pracfices from other
parts of the world that suffer similar problems to
those in Kazakhstan — Canada, for example,
could provide valuable lessons for Kazakhstan.

Aside from pure materials technology, the
roadmapping project highlighted fiber optic
leak detection techniques, leak reduction (using,
for example, sealless valves|, improved sour
gas processing equipment [nofably improved
injection pumps) and chemical inhibitors as also
being high on the value scale; though, these
solutions were deemed rather less aftractive

as far as their development in Kazakhstan

is concerned, being seen as longerferm

technologies. There was a feeling among some
experts that pipeline leak detection should be
pursued in Kazakhsfan. This could involve,

in the first place, the assessment of available
technologies and the provision of services in this
area, with research info fiber optic technology
being built up subsequently.

The control of sulphur by reinjection of the raw
sour gas was also put forward as a highvalue
solution in this area. While it is already done in
the Tengiz field, it is believed that implementing
this solution elsewhere will require considerable
growth in capabilities. In the first place, the
wider adoption of industry best pracfices around
sour gas reinjection equipment and processes
probably makes most sense.
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TECHNOLOGIES AND GAPS
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SKILLS

ENABLERS

Corrosion resistant materials

Corrosion management best practices |-p» Cost-effective CRA

Deploy non-metallic flowlines

Fibre-optic leak detection

Assess p/I leak detection technology

Leak reduction and elimination

Control of sulphur by reinjection

Deploy FOS leak p/!I defection Best-in<lass sour gas operations

Sealless valves for sour service

Industry best practices for Implement RGI
HP sour equipment best practices

Sour gas equipment

# Local content: quantify overall demand for country
w Steel manufacturing load

u Leak detection for pipelines
# Identify non-metallic opportunities and grow materials R&D

= More on+the-job training during education

2.1 Corrosion plus equipment and materials for sour service

HP pumps for liquefied acid gas

= 100% non-metallic flowlines u Sour steel manufacturing
= 100% non-metallic pipelines

= Profotype non-mefallic pipelines
= Hydrogen sulphide removal downhole




! ! KAZAKHSTAN IS PERFECTLY PLACED TO BECOME A LEADER IN THIS

AREA, COMBINING ADVANCED ICE MODELLING AND WEATHER
FORECASTING CAPABILITIES WITH SPECIALISED STRUCTURAL
ENGINEERING SKILLS AND STRONG, LOCAL, COLD-CLIMATE
SUPPORT CENTRES.



2.2 Operating in the ice and during cold weather

Challenge commentary

Winters in the northern Caspian Sea are like
those in the Arctic. The sea is covered by a
thick layer of moving ice from December fo
March and temperatures of -40 C are not
uncommon.

Drilling and well intervention during this
part of the year requires the consfruction

of artificial islands or the use of ice-
strengthened mobile drilling units, both

of which are expensive options. The
challenge is to optimise the available Arctic
drilling technology for use in the Caspian
[and improve ice modeling and weather
forecasting), so that operations can be
conducted all the year round in an efficient,
safe and costeffective manner.

Producing assets like Kashagan suffer during
the winter from ice encroachment over vital
plant and equipment. In the shortterm, better
and more costeffective profection structures
are needed. longerterm the solufion probably
lies in reinforced sfeel or concrefe structures
designed specifically for the shallow, icy
waters of the Caspian.

Generally, more work needs fo be done

in areas such as process modularisation

[to reduce the need for site work in harsh
environments), automation and human factors
engineering in order fo improve productivity
and fo reduce the impact of winter on the oil
and gas industry in Kazakhstan.

VALUE »

224

63

2.2.1
]

223 222
] ]

]
CHALLENGE (elements)

ATTRACTIVENESS»

TECHNOLOGY SOLUTIONS

221

Jack-up rigs capable of working in Arctic conditions
all year round

Drilling in cold climates 2.2.2 Offshore installations to work uninterrupted in
Arctic conditions
2.2.4 Ice & weather prediction capabilities
) 2.2.2  Offshore installations to work uninterrupted in
Structures, equipment & Arctic condifions
facilities suitable for working in - P _ o
cold climates 2.2.3 Numerical analysis for interaction of heavy pipe with ice
for ice-scouring
Ability to carry out operations | 2.2.2  Offshore installations to work uninterrupted in

all year round

Arctic conditions
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2.2 Operating in the ice and during cold weather

Solutions commentary

The solutions in this area cover the study,
design, construction and operation of ice cold
weather drilling and production infrastructure.

Being able to understand and predict the
weather and the ice dynamics is the key to
effective facility design and construction, as
well as yearround operations. The most up-to-
date modelling packages need to be adapted
— by R&D institutes in Kazakhstan — to deliver
the required advanced capabilities. Historical
weather databases should provide the initial
calibration for the modeling; however, more
extensive advanced sensing will be required.
A range of sensors will be needed from fiber
opfic distributed strain sensors on facilities
through fo differential global position system
[DGPS) networks. Significant computing

power will be required to support the
integration of diverse measurements made at
different scales.

Understanding the forces related fo ice and
weather is important in designing all kinds
of structures and equipment. Currently, heavy
pipe needs to be extensively armoured and/
or deeply buried to avoid damage due to
ice scouring. Huge time and cost savings
could be realized if the current requirements
were fo be relaxed based on improved
understanding or alfernative avoidance
mechanisms. Ice-induced movement of jack-up
rigs can cause well casing shear and loss of
containment. R&D is required to improve the
cost effectiveness and operating envelope
for drilling and well interventions in Caspian
winter operations.

Presently, offshore steel /concrefe structures
are designed to profect the production
facilities from ice encroachment. Alternatively,
sacrificial zones are created where ice simply
piles before reaching critical equipment.
Global best practices in this area should

be quickly adopted in Kazakhstan. Longer
term, R&D is required to provide more cost
effective, movable (modular) ice protection
capabilities. Modular design is considered

a major component in addressing year

round operations, maximising facility uptime
and minimising workforce exposure. The
solutions range from small-scale plug-and-play
components (such as instrument packages that
can be quickly replaced when they fail)

to large-scale fabricated items (such as a
compressor modules). Kazakh companies and
academia will need to further develop such
fechnologies.

A Caspian manufacturing and logistics
location needs fo be selected and developed
to realize the ultimate objective of delivering
cost effective ice/cold climate equipment
and supporting year round operations. The
associated workforce needs fo be grown

fo the required numbers and skill levels by

2020.
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TECHNOLOGIES AND GAPS

INDUSTRY

SKILLS

ENABLERS

Offshore installations to work
uninferrupted in Arctic environ-

u Historical weather database in place

= Weather/ice modelling established to facilitate
accurate designs

Location selected for Caspian service industry

Jack-up rig building capability E

Offshore steel/concrete structures & installation modular

Pilot optimised designs

designs established

Design and manufacturing capability
established

Reliable, safe and effective supply
infrastructure established

A

Jack-up rig design for Arctic
conditions

Numerical analysis for heavy
pipe/ice interaction

Limited expertise re jack-ups
Numerical analysis specialists

Scouring-resistant design for offshore structures and analysis for ice
interaction developed

Ice and weather modelling and prediction in place

Winterised jack-up rig designs developed

Local training facilities

Numerical capability available

Sufficient fully trained staff

2.2 Operating in the ice and during cold weather

Highly capable, costeffective
ice/cold climate design,
support and operations
established that fully meet
year-round requirements




! ! KAZAKHSTAN COULD BECOME A RECOGNISED CENTRE OF

EXCELLENCE FOR THE MANAGEMENT OF SULPHUR, LEADING THE WAY
IN CAPTURE TECHNOLOGY AND ENVIRONMENTALLY-ACCEPTABLE
STORAGE SOLUTIONS. A STRONG LOCAL INDUSTRY COULD BE BUILT
AROUND THE MANUFACTURE OF SULPHUR PRODUCTS AND THEIR
WIDE-SCALE USE IN A RANGE OF OTHER KAZAKHSTAN INDUSTRIES.



2.3 Management of sulphur

Challenge commentary

Sour oil production from large carbonate
reservoirs across Kazakhsfan leads fo the
challenge of dealing with huge volumes of
sulphur — its handling, transport and storage
are constant issues for most operators. Some
sulphur is exported, though global supply
outstrips demand and so the market is volatile,
af best.

Kazakhstan would benefit greatly from having
better solutions fo the capture and long-term
storage of sulphur. While technologies exist
around the world, there is room for their
improvement and for their better adaptation
to the operating conditions and the natural
environment in the country.

The development and local use of sulphur
products presents a significant opportunity
for Kazakhstan. Sulphur could be used,

for example, to produce chemicals, as an
additive for fertilizers, in building materials
[sulphur concretes) and in the construction of
roads. The challenge for Kazakhstan is both
fo develop the necessary fechnologies to
manufacture these kinds of products and then
fo open up the markets for them.

VALUE »

* * ™
. *
T e 2B 232
S e =
RARLIE B 233

L
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]
CHALLENGE (elements) TECHNOLOGY SOLUTIONS

Sulphur capture and storage

ATTRACTIVENESS»

2.3.1 Sulphur storage

2.3.2 Sulphur separation from crude or gas produced

Development of sulphur
products, fabrication
technology & market

2.3.3  Sulphur utilization
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2.3 Management of sulphur

Solutions commentary

The production of elemental sulphur from

oil and gas is likely to grow to around 4
million tonnes per annum 10 years from now.
Sulphur storage and sulphur utilization remain
challenging, while separation of sulphur and
mercaptans from oil & gas is reasonably well
progressed.

More costeffective separation technology
solutions exist, and emissions could be
reduced fowards zero through fail gas
purification by working with other institutes
abroad. The foundation of a Kazakhstan
sulphur centre of excellence would be of
value in developing fitfor-purpose standards
for advanced sulphur separation and
storage fechnologies. These standards for
environmentally friendly, temporary sulphur
storage could be based on best practices in
Canada and other counfries with a history

of responsible sulphur management, possibly
adapted for the harsh Kazakh conditions.

Experience with sulphur storage and re-melting
should present opportunities for local industries
to develop sulphur management services in
Kazakhstan and abroad, such as Russia and
Middle East. The biggest challenge is the
utilization of the large quantities of produced
elemental sulphur. Some sulphur is used

for making sulphuric acid and phosphate
fertilizers, and it is hoped that these industries
will grow further. Some research has taken
place by local insfitutes on sulphur enhanced
asphalt and concrefe but more R&D and
cooperation with global sulphur innovators

is needed fo accelerate the development of
local indusfries based on these opportunities.
As the Kazakhstan construction indusiry is nof
used fo dealing with sulphur, the government
ought fo consider adopting fitforpurpose,
infernational regulations and approval/

permit processes regarding the handling and
storage of elemental sulphur. This would lower
the barriers to growing a rich local sulphur
industry. Kazakh entrepreneurs should be
encouraged fo pilot existing technologies for
sulphur enhanced construction materials, and
develop new small, medium enterprises. The
agriculture sector could benefit from using
sulphurenhanced fertilizers in sulphur-deficient
soils and sulphur ameliorant to reclaim waste
land with sodic and saline soil for agriculture
in large parts of the country. Local R&D in
sulphur storage and ufilization could make
Kazakhstan a front runner in this area. A
decision will have to be made on whether
know-how and resources should be made
available for fundamental and longerferm
research info the conversion of sour gas more
directly info power.
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INDUSTRY

SKILLS

ENABLERS

Sulphur separation from
crude or gas produced

Co-operate with foreign institutes regarding cost-effective

Sulphur storage

sulphur and mercaptans removal, including alternative remova
technologies

R&D in bacteria to remove hydrogen sulphide from gas stream
and give pure methane

Participate in tail gas purification, removing sulphur using
technologies from abroad (API)

Aspirational target of zero hydrogen sulphide

"] emissions from Kazakhstan sulphur removal units

Optimised use of sulphur through long-term view of Sulphur Centre of Excellence

Sulphur management services opportunities for local industry in Kazakhstan and abroad

Environmentally friendly
temporary open sulphur
storage => national standard
Kazakhstan Sulphur for storage; first release

R&D, demonstrations of sulphur utilisation
Sulphur utilisation E_» technologies and adoption of international

Allocate R&D to solve and
develop storage solutions

Centre of Excellence

T u Long-term effects of sulphur concrete

Kazakhstan standards

u Technical specifications prescribed and standardised for sulphur storage
and sulphur-based products

u Customers identified for use of Sulphur

for remelting

Opportunities for local indusirg in use of sulphur Local service industry and manufacturing has
in fertiliser, road and other industries "] strong capability to use sulphur in Kazakhstan

Sour to power ready for unlocking small sour

standards for sulphur concrete

Set up Kazakhstan Sulphur Centre of Excellence
Handling of caustic soda, mercaptans is opportunity

Pilot sour to power

gas fields

New sulphur-consuming industries: = Opportunities for Kazakhstan industry re storage
= Use sulphur in new roads and concrete = Sour to power for small sour fields

for local industry

R&D in open sulphur storage and sulphur burial (with ASRL)
Covered blocks storage (Kashagan, King)

R&D trials in unproven sulphur usage (e.g., concrete, soil
reclamation, sulphur in roads)

R&D in reheating and “sour to power”; German technology

» o0 .
= Apply more sulphurenhanced fertiliser in = Small field sulphur storage and remelting

Kazakhstan agriculture

= Local industry to offer equaliser, transmitter
services/sulphur/mercaptans/sulphur dioxide
removal

= All caustic glycol reprocessing in country

Development of sour to power

= Training in gas treating
= Development of sulphur competencies and know-how

= Funding for R&D technology development and trials in sulphur
removal, storage/transportation and ufilisation

u Kazakhstan Sulphur Institute/Centre of Excellence to join ASRL,
TSI Awareness

= Educate public about sulphur

u Use Kazakhstan Oil & Gas Operators Association for lobbying

u Co-operation among government, science, industry and
non-governmental organisations

2.3 Management of sulphur

Improved regulation

= Uniform penailties fransparent to emissions

u Stimulate sulphur-utilising industries in Kazakhstan

u Government stimulus fo farmers to use sulphur-enhanced fertiliser

= Ecological normatives for handling sulphur

= Mandate use of sulphur in new roads and proven construction applications







3. Fluid flow and processing

Flow assurance and sand control are issues
common to oil and gas production the
world over, and Kazakhstan is no exception
in this respect. Multiphase flow-related
technology appears to be a parficular weak
spot in Kazakhstan, likewise chemical flow
enhancement technology and sand control.

Water management is big problem for many
operators who report difficulties indentifying
water sources, shutting off waterproducing
zones and dealing with the high volumes

of produced water. Improved complefion
technology is just one area where effort needs

71

to be made in Kazakhstan. WATER MANAGEMENT IS BIG PROBLEM FOR MANY

While flow assurance came towards the
bottom of the list of the most important
challenges facing the upstream industry in
Kazakhstan, water management came close
fo the top.

4.2 Field Management—Optimise Recovery incl. IOR/EOR
2.1 Equipment and Materials for Sour Services

4.1 Drilling and Well Costs

3.2 Water Management

2.2 Operating in lce/Cold Climate

5.2 Operational HSE Risk Reduction in Sour Conditions
2.3 Management of Sulphur

1.3 Well logging and InWell Monitoring

1.5 Fluid Property Analysis

1.2 Reservoir Description-Geology, Rock and Fluid Interprefation
3.1 Flow Assurance and Sand Control

5.3 Environmental Impact

5.1 Emergency Response and Disaster Recovery

1.1 Seismic Data Aquisition and Processing

1.4 Core Analysis and Data Analysis

OPERATORS WHO REPORT DIFFICULTIES INDENTIFYING
WATER SOURCES, SHUTTING OFF WATER-PRODUCING
ZONES AND DEALING WITH THE HIGH VOLUMES OF
PRODUCED WATER.

Other priority areas

B Fluid flow and processing
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KAZAKHSTAN HAS THE POWER TO BECOME A CENTRE OF
EXCELLENCE FOR THE SELECTION AND DEPLOYMENT OF FLOW
ASSURANCE TECHNOLOGY ACROSS THE INDUSTRY. MULTIPHASE
FLOW MODELLING AND SAND MANAGEMENT EXPERTISE WILL BE KEY.



3.1 Flow assurance and sand control

Challenge commentary

Kazakhstan's upstream oil and gas industry
suffers from common flow assurance issues
such as hydrate formation, wax deposition and
sand productfion. Multiphase flow modelling
in both wells and pipelines is another
challenge in Kazakhsfan: it is a complex
discipline and not well developed in country.

Problems have been reported with the
selection, deployment and monitoring of
flow assurance techniques in a number of
fields. Production allocation and pressure
monitoring are known to be difficult in the
Karachaganak, Kenkiyak, Kumkol South and
North Buzachi fields. Flowline metering and
monitoring is a challenge in extremely cold
weather. And the assessment of permeability
changes due to plugging and scaling
during production has caused difficulties in
the Tengiz, Kenkiyak, Kumkol South, North
Buzachi and Karazhanbas fields.

Sand management is a challenge in fields
like Karazhanbas, North Buzachi, Zhalgiztobe
and Kenkiyak. Operators appear fo have
given up frying to control sand production,

simply dumping sand in special disposal
sites. Formation stabilisation to reduce sand
production and the processing of sand for

indusfrial applications are both key challenges.

Hydrate, asphaltene and wax deposition
and scaling are reported problems in

the Kashagan and North Buzachi fields.
Paraffin build-up is an issue in fields like
UzenMunayGas, Karamandybas and
Zhetbay. And scaling due fo the reaction
between formation water and injected
seawater is a common challenge. Speciality
chemicals are available to tackle all of these
problems and also to help break emulsions
and improve oil theclogy. But they are nof

routinely used in Kazakhstan owing to the lack

of facilities to evaluate their performance and
tailor their properties fo the local conditions,
and the absence of local manufacturing
facilities (which puts up their cost).

Finally, mercaptan removal is a specific
challenge for operators in Kazakhstan. Levels
are high, all the necessary technology has fo
be imported and the process is prohibitively
expensive.

~ow

CHALLENGE (elements) TECHNOLOGY SOLUTIONS

Flow assurance methods incl.
multiphase flow modelling

Sand removal and sand control
Chemicals inhibition

Mercaptan removal

3.1.1 3D flow modeling (including multiphase flow)

3.1.2 Flow Assurance Modelling and Monitoring
3.1.3 Production surveillance and optimization

3.1.4 Multiphase flow meters (for extreme conditions,
self calibrating efc)

3.1.5 Heating for Flow Assurance

3.1.6 Well Stimulation (remote stimulation techniques)
3.1.8 Intelligent completions

3.1.7 Sand Control and Removal

3.1.9 Flow Assurance Chemicals

3.1.10 Mercaptan Removal
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Solutions commentary

There was a series of solutions proposed fo
this combined challenge of flow assurance
and sand confrol, though nearly all were
considered fo be in the least favoured value/
affractiveness quartile. On the positive side,
Kazakhstan was considered fo be on a par
with other counfries in terms of the technology
maturity of half of the solutions put forward.

Kazakhstan is wellplaced in terms of flow
assurance chemical fechnology and heating-
related technology, and while advances will
be needed in cerfain areas such as multiphase
flow modelling and mefering, the potential
exists fo create a centre of excellence for flow
assurance in Kazakhstan. To some extent, the
same applies for sand control.

It is significant that flow assurance chemical
production and the manufacture of sand
screens were viewed as prime opportunities
around which fo develop local industries,
odding Weighf fo the argument that Kazakhstan
could eventually be recognised as one of the
leaders in this fopic. For this to happen there
will clearly need to be a concerted effort to
coordinate R&D in a number of related areas,
fo link the work sfrongly fo the operating
community, and to improve the fraining and
development of scientists and engineers in
Kazakhstan.

Mercaptan removal was identified as a
challenge, and a solution, during the course

of the project, which is actually perfectly

valid (this is not the only example of this). The
technology has fo be imported and the process

KAZAKHSTAN UPSTREAM OIL & GAS TECHNOLOGY AND R&D ROADMAP

is complex and expensive; simply removing
mercaptans from the production sfream more
easily and cheaply is a perfect objective, a
good solution to pursue. This is reflected in its
position as one of the most affractive in the list
for this area. Though it has o be noted that its
affractiveness is partly down fo the infellectual
capacity needed to make headway in this
area. There needs fo be some careful thinking
before pursuing this particular solution in
Kazakhstan, as it is unlikely to provide a quick
win.
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INDUSTRY

R&D

ENABLERS SKILLS

3D flow modelling
(including multiphase flow)

Flow assurance modelling
and monitoring)

Multiphase filtration 3D modelling

Viscous oil flow ability 3D models

y

Flow assurance for wells and flowlines

Flow assurance management

Production surveillance
and optimisation

Multiphase flowmeters
(for extreme conditions,
self calibrating, efc.)

Heating for flow
assurance

Tree-installed multiphase flowmeters
Flow metering in extreme conditions

Selfcalibrating multiphase flowmeters

Direct electrical heating or heat tracing
Heat insulation (counter paraffin build-up)
Hydrate management by active heating

Joint NIF/Ministry
of Oil and Gas
body focused on
co-ordinating

and aligning all
players to deploy
flow assurance
road map

Integrated reservoir
monitoring

Y

m World-class centre of expertise

Centre of expertise:

for flow assurance focusing on
Central Asia

Well stimulation (remote
stimulation techniques)

Sand control and removal

Sand screens

Surface sand removal using hydrocyclone

l—} Systems to shutin zones
Intelligent production systems

Intelligent completions

Flow assurance
chemicals

Mercaptan removal

Inflow control valves for zonal isolation

Chemical inhibitors to manage scaling
Formulate specialised chemicals

MEG reclamation for water and salt removal
(to improve rheology)

Chemical solvents, dew point control,
molecular sieves

m Expand existing graduate training programme with
local and international oil companies

® Flow assurance solutions

= Multiphase flow well modelling

u Detailed hydrodynamic calculations of flow assurance
m Local chemicals production

m Expand existing graduate training programme with
local and international oil companies

m Coordinating body for R&D + operator inferaction

3.1 Flow assurance and sand control

m Local industry opporfuni
agents for pilot projects,

development of deployment
centre of state-of-the-art
technology in Kazakhstan oil

m A recognised, environmentally
friendly chemicals industry

and gas sector

supplying most chemicals fo the
oil and gas sector

m Implemented methods and
technology for sand prevention

Remote stimulation technique
to improve oil recovery

)

areas.

to develop chemical

m Manufacture of sand screens done locally

m Sand screens for bottomhole well

(e.g., vibroacoustic stimulation)

Chemical technology
A recognised, environmentally Friendlz/ local chemicals
industry supplying most chemicals for oil and gas

m Chemical a{?ents that guarantee flow assurance without
negative affects on production

m Dual education system (experts to Kazakhstan and
trainees abroad) established and supported by
international oil companies




THE VISION MUST BE OF AN INDUSTRY THAT HAS WATER
MANAGEMENT UNDER COMPLETE CONTROL ACROSS ALL OF THE
PRODUCING FIELDS IN KAZAKHSTAN. PROCESSES WILL NEED TO
BE COST-EFFECTIVE AND ENVIRONMENTALLY FRIENDLY. REAL-TIME
DOWNHOLE WATER MONITORING WILL BE IMPORTANT, AS WILL
BOTH CHEMICAL AND PHYSICAL SHUT-OFF TECHNOLOGY.



3.2 Water management

Challenge commentary

Water production associated with
channelling, cross flow and coning is
common in Kazakhstan because the defection
and isolafion of water sources is not well
developed. High water cuts significantly
reduce reservoir recovery levels. Further, the
reinjection of produced water is not always
straightforward and so disposal becomes a
problem. Most water monitoring is confined
to wellhead sampling (multiphase metering
is rarely used] and so water assessments are
often inaccurate, leading to the premature
abandonment of wells.

The improved identification of water source
intervals in wells would be of huge benefit.
This is a particularly tough challenge as
identification is difficult in complex reservoirs
where there is water injection, a situation that
is nof unusual in Kazakhstan. Under these
circumstances, accurate idenfification requires
gathering a wide range of dafa, its thorough
analysis and detailed modelling.

Water shut-off is another challenge,
particularly in high water cut fields producing
high viscosity oil = North Buzachi is probably
the best example of this. Mechanical solutions
do not work well where there are complex
completions. Additionally, there needs to

be good isolation behind the casing (good
cement bond) and definite isolation of the
water zone in the reservoir (permeability
barriers).

The handling, cleaning and disposal (or
recycling) of produced water is a third
problem, especially in fields producing

high viscosity crudes, which are difficult

fo separate. The onus is on the surface
facilities needed to produce water of the
quality necessary for industrial, agricultural or
domestic use. Corrosion management and
environmental protection are ever-present
concerns for operafors.

3.2.2
A
3.2.1
A
A
3.2.3

CHALLENGE (elements) TECHNOLOGY SOLUTIONS

Identification of water sources | 3.2.1 Diagnostic evaluation of water source

Shut-off/isolate water

producing infervals 3.2.2 Water control technologies

Treatment/disposal of

produced water 3.2.3 Water clean-up technologies
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Solutions commentary

Technology solutions in this area fall into three
categories: diagnostic evaluation of water
sources; water control technologies; water
clean-up technologies.

Several ways of improving the diagnostic
evaluation of water sources were identified
for implementation between now and 2025.
Most immediately, it was proposed fo adopt
water source identification technologies and
monitoring best practices from some other
parts of the world, notably the North Sea and
Oman. Further, there should be more frequent
well festing and the use of new production
logging techniques. Improved well logging,
ultimately combined with tracer techniques

to determine flow paths, will lead to
improved reservoir modeling and enhanced
predictive capability. An ultimate farget is the
deployment of downhole fiber optic systems,
which offer the potential for realtime reservoir

characterization and rapid zonal isolation to
minimize water production.

In the area of water control technology,
there are mechanical techniques, as well

as sealants, that can be used now for the
isolation of water producing zones, though
these techniques are not applicable in cases
where hydraulic fracturing and complex
completions have been used. Longer term,
water confrol can be improved using relative
permeability modifiers and flowing gels, but
these technologies require further development
and testing. As shown in the R&D segment
of the roadmap, there are potential local
R&D opportunities associated with testing of
improved chemicals for matrix sealing and
relative permeability modification. Scope
was also identified for local service provision
- for example, sampling and well logging
activities, manufacture of chemicals and well
infervention services for water shut-off.

KAZAKHSTAN UPSTREAM OIL & GAS TECHNOLOGY AND R&D ROADMAP

As far as water clean-up technologies are
concerned, the nearferm opportunity is
increased application of established chemical
techniques. However, the existing techniques
can be quite expensive for high water cufs
and are not well suited for separation of
water from high viscosity oils. The preferred,
longer ferm solution is likely to be membrane
technology, which present a local R&D
opportunity since further development is
needed. This could lead fo local opportunities
for design, installation and maintenance of
membrane separation equipment.

Provision of the necessary products and
services from local sources will depend
upon broadening and deepening the local
knowledge and skills base.



Diagnostic evaluation of Adaptation of industry Well testing/ Tracer survevs Fibre opfic systems
water source best practices production logging Y phic sy

Improved reservoir
modelling

Cost-effective and environmentally

Relative permeability
efficient water management

modifiers

Water control

. Sealants for matrix shutoff
technologies

Flowing gels

Mechanical techniques

- Deploy new membrane
Water cleanup G Increased application of technologies
technologies | chemical methods
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INDUSTRY

m Phase permeability to optimise oil versus water production = Membrane manufacturing for water treatment u New fitfor-purpose well logging
m 3D modelling on waterflood techniques
u Detailed polymer systems for water shutoff and
location defermination
m Membranes

m Well logging techniques for high flow rates
along tubing.

m Cenfrifugal downhole water separation

= Membranes for water treatment before
re-injection

m Expand global student exchange programme

ENABLERS

3.2 Water management







4. Wells and field management

The management of, first, drilling and
well construction and, second, production
operations has an immense influence on
overall field economics.

Reducing the cost of drilling is a huge
challenge facing the industry in Kazakhstan,
given the practical difficulties surrounding
this activity, especially offshore in the winter.
Throughout the roadmapping project there
was constant reference made to the need
for safer and more efficient drilling using
winterised rigs.

There was also a clear call for better 81
field management, including the effective

deployment of IOR and EOR techniques in THROUGHOUT THE ROADMAPPING PROJECT THERE

Kazakhsian. The industy is making greot WAS CONSTANT REFERENCE MADE TO THE NEED

strides in this respect in other parts of the world FOR SAFER AND MORE EFFICIENT DRILLING USING

and Kozakhstan has ground to make up.

The interest surrounding this fechnology target
area is reflected in the ranking given to the
two defined challenges — they were placed
first and third in the list of 15.

4.2 Field Management—Optimise Recovery incl. IOR/EOR
2.1 Equipment and Materials for Sour Services

4.1 Drilling and Well Costs

3.2 Water Management

2.2 Operating in lce/Cold Climate

5.2 Operational HSE Risk Reduction in Sour Conditions
2.3 Management of Sulphur

1.3 Well logging and In-Well Monitoring

1.5 Fluid Property Analysis

1.2 Reservoir Description—Geology, Rock and Fluid Inferpretation
3.1 Flow Assurance and Sand Control

5.3 Environmental Impact

5.1 Emergency Response and Disasfer Recovery

1.1 Seismic Data Aquisition and Processing

1.4 Core Analysis and Data Analysis

WINTERISED RIGS.

Other priority areas
B Wells & fields management
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THERE NEEDS TO BE A STEADY REDUCTION IN THE NATION’S
RELIANCE ON IMPORTED TECHNOLOGY AND GREATER
TECHNOLOGY ADAPTATION TO CREATE DRILLING EQUIPMENT THAT
BETTER SUITS LOCAL NEEDS. BY OVERCOMING THE CHALLENGES
IN THIS AREA, KAZAKHSTAN STANDS TO BECOME THE DRILLING
INDUSTRY LEADER IN THE CASPIAN REGION.



4.1 Drilling and well costs

Challenge commentary

Kazakhstan has some of the most complex
reservoirs in the world, containing oil and gas
at high pressures and temperatures, as well as
high levels of H,S and CO,. Drilling is always
going fo be a challenge under these conditions.
On top of this, there are the practical and
logistical difficulties associated with the limited
infernal infrasfructure in parts of the country, lack
of a sea route for drilling equipment into the
country and the harsh winters.

Under the circumstances, rig safety is a
maijor challenge in Kazakhstan, undertaking
exploration or development drilling or well
infervention in a manner that reduces the

risk fo the people involved as well as local
communities. The challenge is most acute in
fragile formations and where there are issues
of well integrity — the Kenkiyak, Korolev,
Kumkol South and North Buzachi fields are
examples. Casing pressure management is
also a safety-related issue in many fields,
especially in sedimentary sub-salt reservoirs
such as Karachaganak, Kenkiyak, Zhanazhol
and Alibekmola.

Drilling through low pressure zones is a
widespread challenge, given the prevalence
of carbonate reservoirs in Kazakhstan and
their tendency to confain cavities [vugs or
karsts) or otherwise low mechanical strength
rock structures. Mud loss, well bore stability
and pipe sticking are common problems

in, for example, Karachaganak, Kenkiyak,
Kumkol South and North Buzachi.

Given the drilling challenges faced in
Kazakhstan, well costs are generally high.
Drilling in shallow water generally entails
the consfruction of concrete drill pads. But
the main cost issues arise from the need to
bring every element of the drilling process
[rigs, tools and equipment, chemicals and,
not least, skilled people) info Kazakhstan.
Unsurprisingly, cost overruns are common:
reducing their likelihood is a big challenge.

VALUE »

AARARAS

——————e

OCUORNWN—

CHALLENGE (elements)

Rig safety

ATTRACTIVENESS »

TECHNOLOGY SOLUTIONS

4.1.1

Casing & liners with improved pressure
containment capabilities

4.1.2

Drilling through abnormal pressures,
high temperatures & H,S

4.1.3

Surface pressure control equipment for improved safety
(on land & shallow water)

4.1.4

Drilling safety methods

Drilling through low pressures
(losses, stability)

4.1.2

Drilling through abnormal pressures,
high temperatures & H,S

Reduce well costs

4.1.5

Cost effective drilling techniques

4.1.6

Directional drilling & reach

4.1.7

Improved drilling rigs with directional drilling capabilities

KAZAKHSTAN UPSTREAM OIL & GAS TECHNOLOGY AND R&D ROADMAP
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Solutions commentary

The reduction of drilling costs will play an
important role in the development of the ol
and gas industry in Kazakhstan. If significant
advances can be made, Kazakhstan could
realistically become a leader in this area of
technology within the Caspian region.

Drilling costs depend on many factors. There is
a great deal of drilling carried out in a variety
of geological conditions in order to meef the
volume of oil production in the Kazakhstan.
The uniqueness of the industry in Kazakhsfan in
terms of reserves complexity is accompanied
by the same the same level of challenges in the
process of well consfruction. This is subject fo
abnormally high and low formation pressures,
high temperatures, the presence of saltbearing
strata with strong streaks, plastic rocks and
natural brine, as well as the presence of
corrosive components (hydrogen sulfide and
carbon dioxide] in the reservoir fluids.

The challenges arising in the process of drilling
hydrogen-sulfide-containing reservoirs are
extremely imporfant. The enormous differences
in geological conditions and the disfribution

of hydrogen sulfide in the formation fluids are
important factors in regulating drilling acfivities.
There are key issues surrounding the safety

of drilling operations, personal exposure to
foxic gases, prevention of metal damage

and embritflement, and violations of dHHing
fechniques.

In order fo reduce the cost of drilling under
these circumstances, it is necessary to solve the
following technical challenges:

1. Selecting optimum well drilling technology
and ensuring good-quality well construction
without complications (drilling in abnormally
high formation pressure, abnormally low
formation pressure, high temperatures,
hydrogen sulfide).

2. Utilisation of equipment that is resistant
fo high pressures and multi-mineral and
corrosive gas exposure (wellhead blowout
preventing equipment, casings, liners efc.).

3. Qudlity assurance of well casing (high
quality cementing, well casings of the
required quality).

4. Application of new technologies, such
as managed pressure drilling (drilling
with a small excess of reservoir pressure,
underbalanced drilling), extended reach
drilling, gasliquid drilling etc.

5. Improvement of drilling rigs with regard
fo their directional drilling capability in the
offshore environment (shallow waters).

In order to address the first challenge there are
several technical solutions to be implemented
between now and 2025. Kazakhstan has
vast experience in the construction of wells in
the conditions described above. The primary
means of regulating the sfability of borehole
drilling in the complex condifions of western
Kazakhstan is through judicious selection of the
circulating fluids used. Kazakhstan now needs
fo build on the results achieved in this area and
fo carry out further R&D aimed at developing
new drilling fluid systems providing a further
reduction of drilling costs. Circulating fluids and
chemicals used for freatment should be also
inert fo hydrogen sulfide and have an inhibitory
effect. It is essential to develop new chemicals
fo neutralise hydrogen sulfide, an area where
local R&D institutions are reasonably sfrong.
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As for the second challenge, most of the large
deposits of the Caspian Basin confain hydrogen
sulfide in the formation fluid. Distribution

of hydrogen sulfide is confined to specific
stroﬂgrophic horizons, where a signiﬁcom part
of the section is represented by carbonate rocks.
H2S being a permanent component of oil

and gas sub-salt deposits of the Caspian Sea
region, it has a highly detrimental effect not only
on the mefals and grouting materials, but also
dramatically changes the properties of drilling

fluids.

Operation of drilling and ailfield equipment in
hydrogen sulfide deposits is complicated by
the corrosive phenomena. The most hazardous
form of corrosion is sulfide corrosion cracking
of ferrous metal equipment. The steels used

for oil and gas equipment must have special
properties, for example, ductility, resiliency,
chemical composition, and resistance fo sulfide
corrosion cracking. Particularly vulnerable are

joint welds, where the metal has fo be heat
treated in order to relieve stress and improve ifs
quality.

It should be noted that material selection is
important in reducing the chances of sulfide
corrosion cracking but that there are sfill issues
around other corrosion processes and hydrogen-
induced cracking of the metal. Therefore,

fo ensure the availability of the necessary
equipment for the industry it is important, first of
all, to focus R&D efforts (in collaboration with
foreign R&D centres) to develop new types of
alloys and 1o produce them domestically by
2025. BOP equipment, boring casing, liners
and so forth of good quality are absolutely
essential in Kazakhstan.

As for the third challenge, one of the most
important issues in the course of well construction
is mounting [casing running, and cementing).
Poor-quality cementing of wells results in

significant costs and delays. The cement should
also have high corrosion resistance. Kazakhstan
does not produce such cements, but there are
factories in Russia that produce special cements
with the desired properties. It would make
sense fo pursue the possibility of setting-up joint
ventures with such factories to address this issue
with the involvement of local research insfitutes.

As for the fourth challenge, the improvement

of drilling technologies in complex geological
conditions is a necessary condition for reducing
the cost of well consfruction in general. The
methods describe below are currently not widely
used in Kazakhstan, but could be with more
research and development.

Managed Pressure Drilling - managed
pressure drilling is when the flow from the well

is not specifically triggered during drilling, but
the pressure profile in the wellbore is precisely
controlled using enclosed and high pressure
drilling mud recirculation. Instead of relying

on a single mass of drilling mud, a managed
pressure drilling systems control the well pressure
by rotating the BOP head along with the ground
pressure equipment confrolling the drilling mud
returning from the annulus.

85
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Underbalanced drilling - in the course of
underbalanced drilling the emphasis is on
protecting layers from damage — particularly

in deplefed reservoirs with low pressure.
Causing flow from the formation during drilling
prevents skin effects and the corresponding
negative impact on well productivity and
reservoir performance. Reduced pressure in

the wellbore also increases the penetration
rafe, extends bit durability and prevents loss of
dri||ing fluid into the formation, and minimises
exposure to sticking under the differential
pressure. The overall result is an increase in
well productivity and reservoir performance.
Downhole DDV valves, such as those produced
by Weatherford, reduce cosfs by decreasing
the time for round frips, increase productivity by
reducing formation damage, improve personal
safety and eliminate the need for forced
tripping under pressure. The technology of using
downhole DDV valve increases the reliability of
drilling operations.

Another way fo reduce drilling costs is air
flushing, which involves the use of humidified
air or foam as a drilling mud. This increases the
rafe of penetration and extends bit durability.
Although air flush drilling is considered fo be
mature in the United States, it is best described
as a promising fechnology in other parts of the
world.

With the injection of nitrogen info the casing,
an underbalanced drilling campaign on the
Hassi Messaoud field (Algeria) has reduced
the time of drilling horizontal wells from
approximately 30 days to 12-15 days.
Subsequent improvements, for example,
blowing nifrogen through the drill string and
measuring downhole parameters in the drilling
process, has reduced the time even more -
down to 10 days.

It is recommended to use these methods in
Kazakhstan before 2020. To help the utilisation
of such technologies in Kazakhsfan fields it

will be necessary to conduct appropriate
adaptation through local research and
development institutes and possibly through the
creation of joint ventures with the companies
that invented these fechnologies.

As for the fifth challenge, drilling wells in the
Caspian region is difficult owing fo issues
surrounding the mounting of rigs in shallow
water. In order fo solve the problem of
designing rigs suitable for shallow waters, it
will be necessary to streamline the efforts of
R&D insfitutes and design houses or form joint
ventures with foreign insfitutions, with the active
participation of the government. The objective
must be fo bring this effort [design and
manufacture of new dri”ing Hgs) to Kazakhstan

by 2025.

In order fo accelerate the development of the
oil and gas industry it will be necessary in
the shortest time to fulfill and implement the
following actions.

m Create industry joint ventures for the
production of wellhead equipment
suitable for the conditions in Kazakhstan;
the recycling of wastes (sludge efc.);
the underiaking of safety audits and
management of standards; the rehabilitation
and recertification of equipment efc.

m Research and development should focus
on studies of local mineral bases for
the development of new chemicals and
formulation of drilling fluids; methods for
the initial opening of productive strata; new
well construction techniques; methods for
obtaining and using inert gas well drilling
efc.
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TECHNOLOGIES AND GAPS

INDUSTRY

R&D

SKILLS

ENABLERS

Casing and liners with improved
pressure confainment capabilities

Drilling through abnormal pressures,
high temperatures and hydrogen
sulphide

Environmentally sustainable waste

management for drilling waste

*

Surface pressure control equipmen
for improved safety

Drilling safety methods

m Develop the special shallow water drilling rig and
drilling operations standards.

m Latest drilling practices
u Fluid technology for well stability
m Latest casing techniques

:
i
[

Cost-effective drilling techniques

Directional drilling and reach

Improved drilling rigs with
directional drilling capabilities

4.1 Drilling and well costs

u Multilateral well technologies
m UBD, ERD, MPD, air mist drilling
m Improved cementing

Deploy horizontal drilling and completion technology:

Pilot well for injection of cuttings

Application of air, nitrogen or inert gas

Regional (Caspian) technology
leader — best in class

Establish common metrics and standards
for benchmarking

for drilling

Rig construction adapted to facilitate

managed pressure equipment installation

m Manufacture in Kazakhstan and fully
supply drilling fluids, chemicals and
base fluids

m LEAN profile implementation to
reduce well costs and waste

= Widespread use of UBD for
depleted, shallow and low-pressure
reservoirs

m Deep, shallow water wells drilling
with Kazakh manufactured offshore
rigs using Kazakh designed oil-base
mud, premium thread Kazakh pipes
and effective cuttings disposal

u JV wellheads with ISVs for consumables

m JV for waste management (cuttings, etc.)

m ]V to assemble electrical centrifuge pumps and
drive control system

m Safety audits and standards company

m Offshore well capping and relief well planning

Local low toxic oil base for oitbase mud
Deep, high-pressure wells with safety and well control

Air, nitrogen, inert gas and foam for UBD
Improved cements & additives

m Seamless pipe/casing manufacturing.
m Produce local hydrochloric acid.
m Shipyard for offshore drilling rig construction

Bioremediation of drilling cuttings and waste
Reduction of drillingfluidinduced formation damage
Perfect and implement cuttings injection

m Drilling technology courses in universities

m Align local standards and regulations with international ones

m Esfablish drilling school
m Dedicated R&D centre for advanced drilling rigs
m Open redress and reertification shops for equipment

m Well control training school

m Certification and standardisation body
m Databank of drilling case studies and
local drilling parameters

m Drill bit R&D to support
manufacture thereof




THE ABILITY TO CARRY OUT COMPLEX RESERVOIR MODELLING WILL
BE VERY IMPORTANT. SO WILL BE THE INTRODUCTION OF EOR
BEST PRACTICES FROM OTHER PARTS OF THE WORLD AND THE
ADAPTATION OF THE VARIOUS TECHNOLOGIES TO MATCH THE
CONDITIONS FOUND IN INDIVIDUAL FIELDS.



4.2 Field management: optimised recovery including IOR/EOR

Challenge commentary

Maximising the production and ultimate
recovery of oil and gas from existing assets is
a constant challenge for operators all around
the world. The conditions in Kazakhstan

— unusually complex reservoirs, high
temperatures and pressures, high H,S levels
and arctic weather conditions — all combine
fo pose particularly difficult field management
problems for even the leading operators.

Waiterflooding for improved oil recovery (IOR]
is used extensively in Kazakhstan. However,
matching the properties of the injection stream
with those of the hydrocarbons present in the
reservoir and the characterisfics of the rock
mafrix is not easy. Consequently, benefits

are often limited and field performance may
even decline as a result of this freatment.
Selecting the best enhanced oil recovery
(EOR) technique, or combination of IOR and
ECR, is even more fraught and the economics
even more likely fo prove unsatisfactory. The
challenge is o better understand (via data
capture, analysis and modelling) the reservoirs
and be able to predict more accurately what
will happen when water, chemicals, gas or heat
are used fo enhance hydrocarbon recovery.

ECR is known to be largely ineffective in

tight reservoirs, which require stimulation by,
for example, fracturing, acid treatment or
re-perforation. The challenge here surrounds
the modelling, selection, application and
monitoring of the chosen stimulation technique
in tight carbonate reservoirs with few natural
fractures, such as the Korolev field.

A third challenge is specifically related fo the
understanding and management of coning
and water and gas breakthrough under
different depletion profiles, vital to achieving
high recovery factors with fewer wells.
Problems are particularly acute during the final
stages of production, when formation pressure
and flow rates fall and water influx increases.
Karashaganak, Kenkiyak, Zhanazhol and
Alibekmola fields have all experienced
problems along these lines.

VALUE »

ATTRACTIVENESS >

CHALLENGE (elements) TECHNOLOGY SOLUTIONS

EOR techniques

4.2.2 Advanced waterflooding & EOR

4.2.3 EOR gas injection

4.2.4 EOR modelling

4.2.11 Optimised field management

Improved well productivity
from tight reservoirs

4.2.1 Well stimulation

4.2.5 Water based fracture fluid systems

4.2.6 Fracture monitoring & control

Management of coning,
water & gas breakthrough

4.2.7 ‘In-well monitoring’ for observing reservoir dynamics

4.2.8 ‘In-well monitoring’ using wireline tools
(for integrity & water content)

4.2.9 Reservoir monitoring with geo-chemistry & tracers

4.2.10 Well (in)flow control
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Solutions commentary

The ultimate goal in this area is o increase
oil production from existing assets through
improvements in reservoir engineering.

Stimulation techniques are infended fo restore
well productivity that has been reduced

by bottom-hole zone damage, the result

of poor well packing, asphaltene/resin/
paraffin deposits, scaling, etc. The objective
is fo deal with these problems and restore
initial production and water infake capacity.
Techniques include treatment with hot water,
condensate, hydrochloric acid, steam,
surfactants efc.

To select the optimal chemical for bottom-hole
freatment, a core analysis must be carried
out and the botfom-hole zone modelled

fo test the intended treatment. Based on
laboratory results and the modeling work,
recommendations can be made for pilot
testing, and thereafter a decision made for a
wider application.

Fracturing plays an important role in
improving productivity. The efficiency of
fracturing (i.e., the depth of fracturing,
filling of fractures and duration of the effect)
is dependent on the selection of the most

efficient fracturing fluid. A combination of
hydrofracturing, acid treatment and surfactants
is usual to achieve the optimum effect.
Selecting appropriate wells (with no defects

in the casing) is also important — pilot testing
should be carried out on selected wells.

Hydrofracturing monitoring, analysis and
management of all field operations are
mandatory processes. They enable the
efficiency of the technology fo be defermined,
the cost of the job to be estimated and deliver
G&G studies on estimated ultimate recovery
and reservoir behaviour. Based on fracturing
monitoring and analysis, the technical and
economic feasibility of fracturing the asset can
also be determined.

EOR modeling requires input dafa from
laboratory core analysis, deep oil samples,
samples from drill sumps (asphaltene/resin/
paraffin deposits, scaling, etc.), G&G and
other activities.

Based on the results, a model of the bottom-
hole zone can be prepared and different
EOR options assessed. The selected technique
should be tested af the selected location and
based on the results a specific EOR technique
recommended for deployment.

Problems or challenges encountered may
vary, for example asphaltene/resin/paraffin
deposits, scaling, incomplefe perforation of
pay zone, plugged drill sump, efc. All of
these generally result in well production and
water intake capacity decrease. To address
these challenges, well intervention will be
required, including bottom-hole zone treatment
by various fluids, chemicals, re-perforation
and additional perforation, drilling [restoring)
the drill sump, efc.

The most efficient waterflooding, reservoir
pressure mainfenance or EOR technique must
be selected based on laboratory analysis,
reservoir and bottom-hole zone models and
pilot tests. Advanced waterflooding is about
changing the reservoir pressure maintenance
techniques, festing different systems and
elements subject to G&G features and
heterogeneity.

EOR is based on laboratory analysis,
modelling, pilot testing and reviewing the
various advanced technologies, including
physical, chemical and thermal techniques.

ECR gas injection is a very promising
technology, widely deployed in fields around
the world. Gases used include associated
gas, CO,, nitrogen, efc.

Technology and chemical have to be selected
based on the core analysis, G&G studies,
reservoir and dynamic models, pilot fesfing.
Following the results of all tests, and if positive
technical and economic factors are achieved,
recommendations will be generated for
specific injection techniques or combination of
techniques.
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® Implement electrical

effecting stimulation Reduce well workover
m Optimised drilling fluids and intervention time

Water-based fracture fluid systems T

Well stimulation

Identify field management | Field management Optimised (reaHime) field
best practices ( 7| best practices management

Fracture monitoring and control ;
EOR modelling ! Improved infield

gathering systems

Multi-zone completion Limited smart wells Smart wells base option Smart wells base
and isolation tools (ICVs, DTS, etc.) "] in new, sour fields option in all fields

Well (in)flow control

Advanced waterflooding and EOR

TECHNOLOGIES AND GAPS

L Reservoir “type” Extensive pertinent Depleted fields
EOR gas injection : onshore EOR field EOR operations > equipped for EOR
trials

| Reservoir surveillance capabilities

m Local production of chemicals ® Fluid production capability
m Geo<chemical fracer studies: JV with operators m Materials and equipment fo support new technologies

INDUSTRY

= Establish annual cycle: R&D and operator/ISC inferaction
m EOR screening capability.

m Longevity of fibre optics.

® Mud reservoir inferaction

= Quantitative DTS modelling
= New sensors for well performance monitoring

R&D

m Determine (|JOR and local industry skills
requirements versus supply from universities

SKILLS

m Establish R&D governance

ENABLERS

4.2 Field management: optimised recovery including IOR/EOR







5. HSE and operations

The oil industry is perhaps judged more on its
record on health, safety and the environment
these days than it is on ifs exploration and
production performance. Serious incidents
make the front pages. Inevitably, the 2010
Macondo disaster in the Gulf of Mexico
comes to mind; this fragic event not only
brought the field operator, BP, to its knees, in
both a reputational and a financial sense, but
cast a pall over the entire global industry.

The HSE challenge in Kazakhstan is daunting:

dealing with production from some of the
sourest reservoirs in the world; operating
under difficult geographic and climate

conditions; and having to work in a region,
the north Caspian Sea, where environmental
sensifivities run extremely high.

Participants in the roadmapping project,
however, placed HSE issues lower down
the list of the 15 prime challenges facing the
Kazakhstan upstream oil and gas industry.
Operational risk reduction in sour condifions
is in the top half of the list but emergency
response and environmental impact come
towards the bottom.

93
THE HSE CHALLENGE IN KAZAKHSTAN IS DAUNTING:
DEALING WITH PRODUCTION FROM SOME OF THE
SOUREST RESERVOIRS IN THE WORLD; OPERATING
UNDER DIFFICULT GEOGRAPHIC AND CLIMATE
CONDITIONS; AND HAVING TO WORK IN A REGION,
THE NORTH CASPIAN SEA, WHERE ENVIRONMENTAL
SENSITIVITIES RUN EXTREMELY HIGH.

4.2 Field Management—Optimise Recovery incl. IOR/EOR
2.1 Equipment and Materials for Sour Services

4.1 Drilling and Well Costs

3.2 Water Management

2.2 Operating in lce/Cold Climate

5.2 Operational HSE Risk Reduction in Sour Conditions

2.3 Management of Sulphur

1.3 Well Logging and In-Well Monitoring

1.5 Fluid Property Analysis

1.2 Reservoir Description-Geology, Rock and Fluid Inferpretation
3.1 Flow Assurance and Sand Control

5.3 Environmental Impact

5.1 Emergency Response and Disaster Recovery

1.1 Seismic Data Aquisition and Processing

1.4 Core Analysis and Data Analysis

Other priority areas
M HSE & operations
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’ ’ KAZAKHSTAN NEEDS TO REACH A POSITION WHERE IT HAS

THE TECHNOLOGY, SYSTEMS AND PEOPLE IN PLACE TO DEAL
EFFECTIVELY WITH OPERATIONAL INCIDENTS IN A WAY THAT
MINIMISES THEIR IMPACT ON THE PEOPLE INVOLVED AND ALSO
THE LOCAL ENVIRONMENT. COLLABORATION WILL BE KEY.



5.1 Emergency response and disaster recovery

Challenge commentary

One of the greatest challenges faced by the ol
and gas industry in Kazakhsfan is developing
effective emergency response plans for what

is a highly complex and sensitive environment.
Workflows are needed that are sufficiently
advanced fo overcome the worst possib\e
situations but simple enough to be enacted
rapidly and effectively in a relatively remote
part of the world with, in some areas, limited
infrastructure.

Developing world-class emergency response
plans for Kazakhstan's offshore oil and gas
fields is a challenge not only because of

the harsh operating environment during the
winter but also because of the large seasonal
variation from winfer fo summer. The problem
is made worse by the high levels of H2S in
the production streams. Existing plans need to
be bolstered by incorporation of best practices
from around the world, more fraining, better
incident reporting, more indepth safety reviews
and greater attention fo contingency measures.

There is a specific issue around escape,
evacuation and rescue (EER) vessels for use in
icy seas and under extreme winter conditions.

Improved designs for ice-breaking emergency
support vessels, lifeboats and survival craft are
required that more closely match the conditions

in the shallow water fields of the north Caspian.

Measures to deal with oil spills in ice-covered
waters need to be better established. There
are concerns over the use of conventional
mechanical clean-up techniques, and dlso the
performonce of the available dispersonfs in
terms of their effectiveness and their impact on
the environment when used in shallow water.
Much work is being done in this area globally
and Kazakhstan would benefit from taking a
more collaborative role.

Finally, the Macondo incident in the Gulf of
Mexico, in 2011, focused the industry on
the difficulty of dealing with wells in which
pressure control has been lost. Developing
the ability to bring under control a well that is
releasing large volume of il and gas by use
of an effective capping system is a challenge
that Kazakhstan shares with the rest of the
global industry.

5.1:1
5.1.2
515 .513
] ]
5.1.6 5.1.4

CHALLENGE (elements) TECHNOLOGY SOLUTIONS

Offshore emergency response

Emergency response vessels
for ice conditions

Qil clean-up technology
& processes

Disaster recovery system
for Caspian

5.1.1 Quantitative risk assessment & management
5.1.2 Emergency response preparation

5.1.3 Safety processes & systems
5.1.4 Emergency escape vehicles for arctic conditions

5.1.5 Emergency response to oil spills
(clean-up, containment, etc)

5.1.6 Disaster management — well capping systems efc

KAZAKHSTAN UPSTREAM OIL & GAS TECHNOLOGY AND R&D ROADMAP
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Solutions commentary

The three solution groups cover

m HSE management systems (QRA &
management, emergency response
preparation and safety processes & systems):

m Oil spill /disaster response and mitigation,
where well capping systems are normally
considered to be required;

m Personnel escape vehicles.

Robust, effective HSE management systems
are a critical pre-requisite for operations. The
existing systems in Kazakhstan can be further
optimised in the near ferm, for example by:
m Quantfifative risk management modelling tools
for risk identification.
m Increasing the scope of the oil spill response
plan to include:
Location of facilities where oil spills
are possible;
Detailed map of ecologically sensitive areas
and review of seasonal sensitivity for each
species;
List, location and type of equipment,
fransportation means, materials, personnel
and working procedure conceming oil spill
response;
List of applicable dispersants.
m Incident documentation for collective benefit
within and between organizations.

m Mandatory Safety Programs, e.g. STOP.

Mechanical clean-up techniques comprise the

physical containment of the oil within natural or
man-made barriers, the subsequent removal of
the oil from the surface and secondary storage
for recovered oil and water.

Chemical dispersants are another addition

fo the toolkit for cleaning up spills and have
proven highly effective in the Arctic. Dispersants
are like detergents, designed fo enhance the
breakup of oil into fine droplets that can then be
dispersed and biodegraded in the sea. The use
of dispersants offshore is generally recognized
as an efficient way of rapidly treafing large
areas of spilled ail, providing greater protection
to shorelines, birds and marine mammails.

They can be applied from fixed-wing aircraft,
helicopters, and vessels.

Any required modifications fo these
fechnologies to ensure they are applicable in
the Caspian should be established in the short
term; with the required changes performed by
2020.

In the near/mid term, importing and deploying
advanced well capping systems tailored o

the shallow water operating environment

can help in addressing challenges around
disaster recovery for the Caspian. The capping
solufion will have to also be failored for surface
application, since North

Caspian uses surface blowout preventers. A
strategy proposed s to leverage capabilities

KAZAKHSTAN UPSTREAM OIL & GAS TECHNOLOGY AND R&D ROADMAP

from the recently established SWRP [subsea
well response project) fo identify the specific
cold weather capping technology required for
arctic conditions in Kazakhstan.

Another solution, in the unlikely event of a
blowout, is to always plan for a relief well
that can pump cement or heovy mud info the
original well to cut off the flow.

A present escape and rescue vessels exist,
however improved designs are sought that
enable craff to operate under all conditions

of open water and ice and a large range

of water depths. Potential solutions for the
North Caspian include the ARKTOS, and

Ice Strengthened Lifeboats (ISL). The latter is

a specialized ice resistance Tofally Enclosed
Motor Propelled Survival Craft (TEMPSC)
capable of safely operating in ice. After further
design work, followed by profotyping in the
medium term, fully winter/platform capable EER
vehicles should be available in 2020+.



TECHNOLOGIES AND GAPS

R&D INDUSTRY

SKILLS

ENABLERS

Quantitative risk assessment and
management

Emergency response preparation

Safety processes and systems

Smart polymers and associated
manufacturing

Emergency response to oil spills

Disaster management: well capping
systems, efc.

Emergency escape vehicles for
Arctic conditions

OSR technology suitable for the Caspian

Drilling rig with self firefighting and

self-deployed OSR

Well capping solution for the Caspian

Prototype EER vehicle for the Caspian

-
[

m |dentify and catalogue existing Kazakhstan and global
OSR capabilities
m |dentify how bioremediation will be implemented

u |dentify new well kill methods

m Continuous improvement OSR

u |dentify best polymers for EER vehicle
m Bioremediation

m Training in EER procedures
m Competent EER equipment operators

m Cooperation amongst all Caspian border
countries: OSR and EER
m Joint drills, including language harmonisation

5.1 Emergency response and disaster recovery

n World-class well
control and OSR

= World-class people
evacuation in Caspian
as last resort, given
normally manned
operations

m Fully winter/platform capable EER
vehicles

m Preventive well control methodology introduced
® Manufacture and deploy polymers for spills
®m Purpose-built OSR vessel

m Continuous improvement OSR

m Postcapping recovery methods

m Local staff trained to cap and control wells.
m Local tier two- tier three OSR capability
® Manufacturing capability for EER vehicle




IT WOULD BE REASONABLE TO ENVISAGE A FUTURE IN WHICH
UNMANNED OPERATIONS WERE COMMON AND HAD REDUCED
PERSONAL RISK TO EXPOSURE TO H.S BY 50%. ADVANCED
MATERIALS TECHNOLOGY AND LEAK DETECTION WOULD ALSO
HAVE PLAYED A PART IN REACHING A POINT WHERE KAZAKHSTAN
LEADS THE WORLD IN TERMS OF SAFELY PRODUCING OIL AND GAS
CONTAINING HIGH LEVELS OF H.S.



5.2 Operational HSE risk reduction under sour production conditions

Challenge commentary

This challenge is all about dealing with
the risks fo people of operating fields that
produce oil and gas with high levels of H,S.

The elimination of leaks through better plant
design and improved operations is a big
challenge in Kazakhstan. There are benefits
fo be gained from reducing the number of
valves, flanges and instrument infrusions in
pipe systems. The greater use of sealess
valves and corrosion-resistant materials is fo
be encouraged. Risk-based inspection and
reliability-centred mainfenance have a role

to play and there is the simple expedient of
separating foxic and non-foxic process areas.

Personal protection equipment to enable
people to work comfortably and safely in
high-risk areas needs to be improved. There
needs fo be greater use of the latest, self-

confained breathing apparatus with integrated
communications capability fo enhance
operator performance.

Greater use needs to be made of automation,
robotics, remote control technology and 3G
WiFi communication o reduce manning
levels in highfrisk environments.

Overall, the challenge is to befter manage
HSE risk through, for example, greater use
of 3D gas plume modelling, quantitative

risk assessment methodology, consequence
modelling, SIMOPS analysis and the latest

plant infegrity management procedures.

Lo
NN
NO- U N

CHALLENGE (elements) TECHNOLOGY SOLUTIONS

5.2.1 Leak reduction & elimination
Facility design with

minimurn leak path 5.2.3 Leak detection techniques

5.2.6 Facility management

H,S personal protection 5292

(eg without cylinders) Breathing apparatus (SCBA) for H,S protection

Remote operations, 5.2.4 Technology & automation for risk reduction
minimum on-site work (eg robots, wireless)

5.2.5 SIMOPS methods
Managing the HSE risk 5.2.6 Facility management
5.2.7 Safety certification & independent verification

KAZAKHSTAN UPSTREAM OIL & GAS TECHNOLOGY AND R&D ROADMAP
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Solutions commentary

The three solution groups cover

m Personal Profective Equipment (PPEJ;
m Preventing H,S leaks;

m Minimising personal exposure.

The combination of potentially very high H,S
environments plus extreme climate requires
improved personal protective equipment fo
be deve|oped for locations like Kashagan,
allowing efficient, comfortable construction
and operational activities to be performed.
In the short term the detailed functional
specifications need developing utilizing
learnings and trials based on next generation
H,S personal protection equipment from
other high pressure H,S regions (Middle
East, Canadal), eg self-contained breathing
apparatus [SCBA) that can support wireless
audio and video with noise cancellation

software. It is also expected that material
capabilities will need establishing in
Kazakhstan to enable the new PPE equipment
fo be supplied from 2020, fulfilling the

goal of flexible material that is H,S aware,
recycles breathing air and meets gender and
temperature requirements.

The goo| with respect to leak mitigation is to
have @ sigmﬁcom reduction in leak risk and
occurrences after 2020. Such a goal needs
fo be addressed in a holistic manner, ranging
from separation, re-injection and utilization
of H,S/Sulphur; to the more conventional
reduction and elimination of pofentio\ leak
points.

For example a large development has
upwards of 20,000 valves, 6,000 of which
will be in critical positions and all of which
are pofemio\ leak points. In the near term,
the focus should be on reducing exposure

KAZAKHSTAN UPSTREAM OIL & GAS TECHNOLOGY AND R&D ROADMAP

via minimising leak paths in design and by
separation of foxic versus non-toxic process
areas, selective use of isolation valves (driven
by Operations Philosophy] and use of non
infrusive measurement and inspection methods
(driven by condition based maintenance

philosophy) .

Investments in R&D in the medium term should
focus on address the sealing limitations of
existing valves including providing valve
functionality with no moving parts, together
with ‘smart pipes’ that can self detect
problems via in-built fiber optic sensors or
analogous fechniques.

The third solution group is focused on
reducing manpower exposure, where the
goal is fo minimize and in selected areas
eliminate (normally unmanned) the presence
of workers within hazardous areas. Currently
in Kazakhstan, oil and gas operations

and maintenance activities require manual
infervention, some of which are performed
using breathing apparatus. Hence, dangerous
but high value fasks like fluid sampling are
often regreﬁed. In the nearterm fransfer of
technologies and workflows from other parts
of the World like Oman and Canada can
reduce exposure while the detailed target
scope is developed. This is expected fo lead
in the medium-term fo further R&D focused
on robotics and aufomation of operations &
maintenance fasks fo increase availability.
These technologies once deployed are
expected fo deliver the required step change
reduction in manpower exposure.



TECHNOLOGIES AND GAPS

INDUSTRY

SKILLS

ENABLERS

Breathing apparatus (SCBA)
for hydrogen sulphide protection

Leak detection techniques

Leak reduction and elimination

SIMOPS methods

Facility management

PPE:
m Functional requirements established

PPE:

m Development and adaption of materials
m Equipment to test new materials

Prevent hydrogen sulphide leaks:
m Separate and re-inject at source

m Prototype manufacturing capability for
new material

m Full manufacturing capability

Prevent hydrogen sulphide leaks:

m High ranking solutions (e.g., separate at
source, convert, minimise) under

m Convert to other product at source: solar radiation

g ik s il

Safety certification and independent
verification

Technology and automation for risk
reduction (e.g., robots, wireless)

or UV
= Minimse joints and leak points

Reduce exposure:

B

development
m Smart pipes that can self-detect problems

Reduce exposure:

m Normally unmanned operations base and strefch
scope defined

m Normally unmanned operations selected,
individual components deployed

m Enhanced controls, robotics meeting
30% of operation

for new material

m PPE: Flexible material that is
hydrogen sulphide aware,
recycles breathing air and meets
gender and temperature
requirements

m Prevent hydrogen sulphide leaks:
step change in leak risk

m Reduce exposure: step change

in hydrogen sulphide risk (50%)

Continuous improvement

m PPE: identify manufacturing requirements, constraints, frade-offs

m Prevent hydrogen sulphide leaks: Preventive maintenance system
implemented. Deploy corrosion-resistant linings

m Reduce exposure: profotype control and robotic devices

m Define safety envelopes

m PPE: material development & applicability of mobile H2S shelters
m Prevent leaks: identify and develop technologies
m Reduce exposure: confrol and automation, robotics

m University programme to build people capability
m |dentify training and skills fo use new PPE

m Cooperation and information sharing across all entities

5.2 Operational HSE risk reduction under sour production conditions

m PPE: early production and fraining
m Prevent hydrogen sulphide leaks: conversion
technology

m Reduce exposure: enhanced control and robotics

m PPE: full production + training
m Reduce exposure: initiate safety course

m All areas, testing, prototyping, then to industry. Further enhancement/development

m Obtain approval for
unmanned operations




! ! THE GOAL HERE IS SIMPLE. THE CASPIAN ECOSYSTEM MUST BE FULLY

RESTORED, MONITORED WITH THE MOST UP-TO-DATE SENSOR AND
SATELLITE SURVEILLANCE TECHNOLOGY AND PROTECTED BY THE
LATEST WATER TREATMENT AND CLEAN-UP METHODS.



5.3 Environmental impact

Challenge commentary

The oil and gas indusiry has to have a sound
understanding of the potential impacts of its
operations on the natural environment: the
surface hydro-geology, the surrounding land
and the atmosphere. It is important to be able
to forecast and monifor impacts effectively —
and fo be capable of implementing measures
to reduce them.

The detection and assessment of oil
releases, especially beneath ice, is a
challenge in Kazakhstan. Aerial surveillance
needs to be improved and better sensors
brought info play for accurately tracking the
movement of oil volumes in the sea.

Several Kazakhstan oil fields have high water
cuts: Kumkol South, for instance, stands at
93%. In cases such as this the challenge is

to develop water separation and clean-up
methods that will deliver water that meets
the quality standards for use in industry,
agriculiure and maybe even domestic
applications.

Heavy, viscous oil, such as produced in the
Karazhanbas, North Buzachi and Kalamkas
fields, poses particularly difficult separation
problems. The position is improved by
heating, but this naturally involves large
amounts of energy. Separation and clean up
technologies that get around this requirement
would be particularly valuable.

CHALLENGE (elements)

Oil spill on/under ice

Produced water
clean-up methods

Oil water separation methods
for viscous oil

TECHNOLOGY SOLUTIONS

5.3.2 Emergency response to oil spills

5.3.3 Remote Sensing/Aerial Surveillance
5.3.1 Chemical & membrane methods for oil-water separation

5.3.1 Chemical & membrane methods for oil-water separation

KAZAKHSTAN UPSTREAM OIL & GAS TECHNOLOGY AND R&D ROADMAP
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Solutions commentary

The goal is to put in place technology
systems than provide complete, rapid
assessment of the environmental situation and
enable full remediation of any past or future
contamination of the Caspian ecosysfem.

It is expected that membrane technologies
will be a critical component in the technology
staircase for separating water and [viscous)
oil, enob\mg the full remediation of the
Cospion to be achieved; current and future
global capabilities should be trialed and

adopted with high priority. In parallel the
location and sealing (potentially with new
cements) of old abandoned wells needs to
be rapidly pursued, thereby stopping further
legacy contamination. In addition all aspects
of current and future operations need fo

be addressed to stop leaks, for example
modifying rigs fo avoid discharge during fuel
fransfer.

Capabilities in Kazakhstan to defermine
the environmental situation are already
reasonable, thus building on them offers
potential opportunities. In the short term the
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utilization of satellite remote sensing and
multi-spectral sensing from aircraft should

be increased, together with adopting bio-
sensing fechnology. Such capabilities should
be driven further in the near to medium term
by further improvements in the sensitivity of
equipment to contaminants, integrated early
deployment of more advanced bio-sensing
and rapid, mobile analysis laboratories for
in-depth spot moniforing.



Chemical and membrane methods Ad . hnoloai
for oil-water separation opt appropriate technologies

Integrated system to find abandoned wells. Capability available to permanently seal
New sealing cement for sealing leaking old wells abandoned/leaking wells

m Caspian ecosystem fully recovered
m Zero harmful impact

Rig modification for zero discharge from fuel transfer

Bio-sensors and new monitoring systems ready
for prototyping and early deployment

Use of bio-sensors for early detection and impact
] assessment + increased use of satellites for routine
Emergency response to oil spills monitoring

More, better, cheaper utilisation of
satellite imagery

Accurate monitoring system capable of defecting very
low levels of air contaminants

Mobile laboratory for fast environmental analysis

TECHNOLOGIES AND GAPS

Conversion of solid waste to inert products

Environmental remediation plan under way

m Shallow water access via hovercraft or alternatives = Modelling capability applied for hazardous
u Insfall remotely operated air monitoring stations in Caspian impact assessment

m Procedures and tools for safely entering old wells to seal them
m Install leak detection sensors

m Develop new cementing materials for old leaking wells m Realtime processing, interpretation and diagnostics from remote sensing, bio- and nano-sensors, etc.
m |dentify and develop bio- and nano-sensors m Modelling capability for impact assessment
m Methods to convert solid waste to inert products

m Training of workforce
m Experiential training, including laboratory work

SKILLS

m Cooperation among all Caspian stakeholders
m Use of Internet fo exchange issues and ideas
m Emergency response simulation

ENABLERS

5.3 Environmental impact
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Addressing the challenges

Common themes

The roadmapping project focused heavily
on technology, or rather the technology
solutions, required fo overcome the challenges
faced by the upstream oil and gas industry
in Kazakhstan. A genuine effort was made
to consider challenges across the entire
industry: the problems of developing and
managing carbonate and clastic reservoirs
were examined; onshore and offshore fields
were given equal emphasis; and the issues
connected with both new and mature fields
were faken into account. The findings of this
technology-focused part of the project are
summarised in the 15 topic maps.

In this secfion of the roadmap, an attempt
has been made to distill the key points of this
earlier exercise and o draw out common

themes. More significantly, the information
has been presented through three different
lenses that reflect the fundamental objectives
of the project laid down from the sfart. So,
this section contains an R&D focus map,
and industry opportunities map and a skills
development map. These three maps form
the basis for the main conclusions and
recommendations of the roadmapping
project.

Because they are more relevant at this stage
of the roadmap than any other, measures
being faken by some other governments
around the world fo sfimulate fechnology
development, boost local industry and raise
local skills levels are summarised here. There
are perhaps some valuable pointers to the

way forward for Kazakhstan in this summary.

Government measures — lessons
from some other successful
countries

As part of the project, a survey was carried
out of measures taken in some other
countries, generally led by the government,
to accelerate technology development and
implementation, build local indusfries and
raise local skill levels. Four countries, in
particular, were examined: China, Brazil,
Malaysia and Norway. There were some
striking similarities in the approaches being
taken — a common set of success factors.

THE INFORMATION HAS BEEN PRESENTED THROUGH THREE DIFFERENT LENSES THAT
REFLECT THE FUNDAMENTAL OBJECTIVES OF THE PROJECT LAID DOWN FROM THE START.
SO, THIS SECTION CONTAINS AN R&D FOCUS MAP, AND INDUSTRY OPPORTUNITIES MAP

AND A SKILLS DEVELOPMENT MAP.

The survey clearly showed that effective
policies are made up of a mixture of
measures: financial and nonfinancial;
specific fechnology-related and generic;
fechnology supply-side and marketbased:;
and competitive and collaborative.

The main findings of the survey are
summarised below, with reference fo the three
key themes that permeate this roadmap.
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Technology and R&D

u R&D funding needs fo be determined
and controlled by parinerships between
government and indusfry.

= R&D funding needs to be channelled
fo specific projects aimed at solving
well-defined industry challenges. There
should be incentives for researchers and
developers to work in areas where there is
a sfrong industry/market need.

u Strong efforts must be made to ensure
transparency of the funding exercise,
fo monitor the progress made and, if
necessary, to adjust funding levels.

u Indusiry technology parks are highly
successful in fostering collaboration and
crossfertilisation of ideas.

u Defined centres of excellence work well in
providing focal points for research in key
areas — they accelerate progress.

u The import of the equipment needed for

R&D and technology trials needs to be
made easy.

Visits by international technology experts
should be welcomed (and facilitated); they
should be encouraged to work with local
universities, research instfitutes and local
technology companies.

Infernational research and development
programmes should be promoted; however,
the success of such collaborations should
be closely monitored fo ensure a good
refurn on the investment.

Intellectual property rights must be fully
profected by local legislation (including
efficient mechanisms for local registration). It
goes without saying that there has to be sfrict
compliance with international patent law.

Local industry

Raising local content levels makes complete
sense in terms of establishing sustainable
industries. However, judgement needs

to be applied and, in some cases, there
must be a longerterm outlook with realistic
progressive targets.

Decisions on the development of local
industry have to fake info account the
markef demands and the local supply-side
capabilities.

A mandatory, general approach fo

local content may be counterproductive,
hindering the upfake of newer technology
and ulfimately limiting local company
development.

The emergence and development of local
industries is accelerated by the free flow
of information between foreign and local
companies, which can be facilitated by
government.

Local industry development requires
opportunities are highlighted — and clearly
verified — and local capabilities realistically
assessed. Good communication is the key
fo this.

Skills development 107

u Itis a fundamental rule: people learn from
what goes on around them; the wider
they look, the more they leamn. Skills
development needs to be an international
exercise; strong links with seats of learning
in other countries are essential.

u Industry needs to be involved in education
and fraining programmes fo help shape
curriculums and promote the excitement and
rewards of working in areas like oil and gas.
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R&D focus

A need for more communication
and better planning on a national
scale

By comparing the indusiry-prioritized R&D
focus areas (from the latest fopic mapping
exercise reporfed earlier plus input gathered
throughout the project) with the strengths of
the Kazakhstan R&D community {information
goained during visits to leading laboratories
and insfitutes), it has been possible to
identify the R&D focus areas most likely to
bear immediate fruit. Four areas stand out:
correlation of NMR core data from SCAL
studies with well logs; the use of non-metfallic
materials in highly corrosive environments;
sulphur storage and applications; and

bio- and nano-sensors for environmental
monitoring.

It would be reasonable to expect R&D
proposals from the Kazakhstan academic
community fo centre around these areas

and, in time, to see Kazakhstan develop
strong capabilifies in the NIMR interpretation
of complex rocks, in the use of non-metallic
pipelines and in the utilisation of sulphur (sour
gas fo power was seen as a parficularly
interesting opportunity in this area).
Kazakhstan is already well recognized for its
environmental services and, with more R&D,
should realistically aim to become an industry
leader in this area.

The process of identifying R&D priorities
that was begun during the roadmapping
project is one that must be carried out on a
continuous basis and become more focused
and directed. There is a sfrong case for the
establishment of a council at government
level, including representatives from industry
and the academic community, tasked with
national R&D strategy development and
planning in Kazakhstan.

R&D in Kazakhstan suffers severely from a
lack of communication and collaboration,
especially between the parties seeking
solutions and those able to generate them:
one of the more sfriking features fo emerge
from the roadmapping project is the relatively
poor communication between the upstream
oil operators and the Kazakhstan academic
community. An organization with authority is
needed fo control and coordinate upstream
oil and gas R&D in Kazakhstan, to provide
focus, to defermine funding and monitor the
oufcomes of the work.

R&D planning

It would be realistic to expect the Kazakhstan
government/industry R&D planning process

fo be founded on the established principles
used fo plan and manage R&D by many large
fechnology-oriented companies. Translated
onto a national scale, the process might be
run along the following lines:

u The major operators and service companies
would each outline their views on the prime
challenges faced by their organisations
on an annual basis — they would be
encouraged fo provide information on
the nature and sfatus of the challenge, ifs
urgency and the size of the prize.

u The information, once analysed and
consolidated, would be made widely
available to the academic community and
used fo shape R&D proposals.

u Good proposals would be likely fo feature
infernational and in-country academic
partnerships; they would also contain
well-developed project cost estimates and
timeframes, and go as far as describing
technology demonstration and field frials
requirements.

u Proposals received positively would be
progressed in the first place by (1) a
sharing of relevant data and information
from the industry side with the R&D
proposer and (2) the setting of suitable
milestones and key performance indicators.

u Assuming good progress of the work,
it would be incumbent on the industry
organisation that sef the challenge to
facilitate field trials of the new technology
solution.

u The reasons behind unsuccessful proposals

would be made clear and used fo drive
improvements in the sections of the
academic community involved.

The process just outlined addresses a
number of the issues judged by participants
in the roadmapping project o be hindering
R&D in Kazakhstan — lack of focus, limited
collaboration, poor understanding by the
academic community of the challenges and
the opportunities within the indusiry, and the
difficulty of fixing up field trials were foremost
among them.

Additional enablers highlighted during the
course of the roadmapping project include
the provision of guidance to academics on
the commercialization of R&D; the relaxation
of local content regulations in selected
emerging technology areas; measures o ease
the import of equipment for R&D purposes
and field trials; and a facilitation of visits,
perhaps extended stays, by international
technology experts. The establishment of
centres of excellence and technology parks
was another measure favoured by many in
the industry. Finally, there was a call for better
understanding of international patent law and
clearer recognition of intellectual property
rights.
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Process platform: governance body, e.g.,
Scientific Technical Council under Kazenergy

| GOVERNANCE

Development of industry Commercialisation of
clusters around R&D institutes Kazakhstan R&D

|INDUSTRY

Priority R&D focus areas: Accelerate top-ranked R&D focus opportunities: NMR inferprefation of complex rocks Regional centre of
SCAL; CRAs; sulphur storage 1 Core NMR correlation to logs Non-metallic pipeline prototypes excellence for carbonate
and transportation; EEVs; = Non-metallic opportunity identification Pilot sour to power NMR inferprefation
;egjl:lﬁnfor environmental m Sulphur storage and burial; reheating and sour to power; trials in

9 unproven sulphur usage
u Identify and design bio- and nano-sensors for environmental monitoring

Upgrade of R&D facilities in Kazakhstan
Overview of R&D strengths: Identify appropriate demonstrator projects and field trials
reservoir description; core and Ensure industry challenges and requirements are well understood

data analysis; equipment and R&D proposals Improve access to data

materials for sour services; Promote collaboration across institutes (<50% single source R&D proposals from
management of sulphur; EIA any individual institute)

| Annual cycle of R&D strategy and planning involving the
operators and the international service companies *

(Multi)-year, (multi)-institute, R&D projects, (l/OC/ISC funded. Specific, agreed key
2013 ()OC/ISC detailed challenges and requirements performance indicators and time-bound deliverables associated with continue, modify
Specific industry proposed and stop decisions
R&D topics Includes Kazakhstan scientists involvement in international research projects in

Invite selected non-Kazakhstan academic institutions Kazakhstan or abroad
as potential Kazakhstan partners

Upstream oil and gas i

technology and R&D roadmap!

Joint industry projects (JIPs)

2013 R&D |
Academia/(IJOC/ISC conference centred on | proposa’s |

challenges and requirements

> Number and skill requirements | | Cross-postings: R&D and industry

|SKILLS

| R&D commercialisation advice

| Ability to easily import equipment for trials and R&D

| Centres of excellence and technology parks

| Facilitate visits and sabbaticals by international experts

| ENABLERS

| Strict compliance with international patent law

R&D focus
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Kazakhstan R&D assessment

One of the most crifical parts of the
roadmapping project was 1o assess the
ability = within Kazakhstan - to perform front-
line R&D in support of the upstream oil and
gas industry. To make this assessment, visits
were made by expert technologists from the
major operating companies to 12 different
laboratories or institutes.

It would be unfair to publish a direct
comparison of the individual laboratories/
institutes — indeed the various organisations
fook part in the exercise on this condifion.
However, the overall results are sfill highly
revealing.

[Readers may wish fo refer to Report E issued
by Shell, R&D Visits Overview, for a full
account of the assessment.)

The Kazakhstan R&D community scores highly

in some key fechnical areas:

u Geological understanding (of the
subsurface in Kazakhstan)

u Field development planning and field
engineering

u Sulphur extraction, handing, sforage and
applications

u Drilling fluids testing

= Flow assurance, corrosion and fluid
analysis (though this is strongest in the
downsfream secfor and needs to be
transferred upstream)

= 3D modelling (geological and
hydrodynamic|

u Waterflood and EOR modelling

= Environmental monitoring (air, water, soil)

The general impression, however, was that

the R&D community is being held back by

a series of largely nonechnical issues, most

nofably:

w Lack of funds for basic research (as
opposed fo technical services|

u Yearly tendering for service work prevents
longferm investment

n Outdated equipment

Inadequate links with the upstream industry
[poor understanding of the operators’
problems and requirements, plus limited
access fo field data)

u Difficulties in arranging field trials
u Low level of understanding of the

technology commercialisation process

Lack of collaboration between different
institutes/ laboratories

Atfrition of senior staff — and often a lack of
talented people fo take their place

Limited English skills (particularly among
more senior staff), which hampers the
development of international relationships
Low level of infernational patent awareness
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Capabilities across the 15
prime challenges

Reservoir characterisation (TTA 1)

There is a moderate overall capability in

this area. Kazakhstan is strong in terms of
geology and has good subsurface modelling
research and service capabilities. In contrast,
there is litlle R&D focus on seismic dafa
acquisition. One area that is developing
rapidly is routine and special core analysis
and fluid analysis. A lack of awareness of
the issues surrounding the handling and
processing of high-H2S streams is a concem.
Field equipment (TTA 2)

Kazakhstan is reasonably well-placed in

this area. There are good capabilities in the
sulphur management area; ice management
and operations is another strength. Field
engineering design services are of a high
quality. Work on equipment and materials for
sour service is lacking focus in the upstream
area, however, and relationships with the
equipment manufacturers are limited.

Fluid flow and processing (TTA 3)

The assessment exercise highlighted
technical weaknesses in this area — at least,
in the upstream area. It is notable that flow

assurance and water treatment capabilifies
seem much sfronger in the downstream
sector; it would make sense to seek to extend
this expertise up the oil industry chain.

Wells and field management (TTA 4)

Capabilities in this area are patchy. Most
institutes/laboratories are weak but there

are some excepfions. A single institute was
particularly strong in terms of its drillingfluid
fesfing expertise; another had a very good
understanding of how waterflooding and
EOR techniques can be used to optimise
recovery; and there were pockets of expertise
in dynamic modelling.

HSE and operations (TTA 5)

The Kazakhstan R&D community is
remarkably weak — litfle work is being
done — when it comes to emergency
response and disaster recovery, and also
HSE and operational risk reduction in sour
condifions. Environmental impact is another
matter: several institutes/laboratories are
underfaking good work in this area and
are, consequently, in a position to offer
competifive environmental impact assessment
services.

Visits were made fo:

KING (Astana)

KazNTU (Almaty)

KBTU (Almaty)
KazNIPImunaygas JSC (Akiau)
Caspian State University — Yessenov

(Aktau)
= NIPIneftegas (Aktau)
» CERWeatherford (Aktau)
u KCR-Zhahan core lab (Atyrau)
= Caspimunaygas (Atyrau)
u Atyrau Institute of Oil and Gas (Atyrau)
= KazPetrotest (Aksai)
u Oilphase-Schlumberger (Atyrau)

During the visits [and through the use of

questionnaires) the various laboratories/

institutes were assessed using five criteria:

u Breadth of the capabilities and the level of
skills available

u Qudlity of the research being done and
the services offered

u Relevance of the work to the upstream oil
and gas indusiry

= Qudlity of the equipment and facilities

= Ability to undertake computer modelling
work.

KAZAKHSTAN UPSTREAM OIL & GAS TECHNOLOGY AND R&D ROADMAP
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Industry opportunities

A sound financial case and
business model

Throughout the course of this project, attempts
were made fo gather views on the sort of
local companies that could make a positive
difference to the way the upstream oil and
gos industry operates. At one point, project
participants were asked directly fo rafe the
various fechnology solutions put forward

in terms of the strength of the industry
opportunities associated with them. The top-
ranked solutions are listed in the box at the
top left comer of the map.

Below this box is another that confains

a list of perceived upstream oil and gas
industry strengths in Kazakhstan. (This list is
based on an assessment of the maturity of
the fechnology solutions outside and inside
Kazakhstan, supplemented by much valuable
input from KING.)

A straightforward comparison of the two
lists leads fo the conclusion that the most

realistic industry opportunities lie in the
area of steel and concrete structural design
and fabrication, the provision of upstream
chemicals and sand-screen manufacturing.

Six of the possible opportunities highlighted
by project participants have not made it
through onto the short list — blocks fo progress
were thought fo exist in these cases. The

high cost of corrosion-resistant alloys could
theoretically be allayed by sefting up local
production facilities; however, manufacturing
(and testing] capabilities in Kazakhstan were
thought o be lacking. Undertaking more R&D
in this area is a sensible way forward. In the
case of SCAL services, there has been a lof of
investment in the last year, but there are further
upgrades desired by the operators. Jack-up
rigs for cold climates and ice-scouring-resistant
design constitute immature technology
globally. Both will require a combination of
R&D and heavy industry parficipation to move
the technology forward; as such neither offers
immediate indusiry opportunities.

THERE NEEDS TO BE GOOD COMMUNICATION AND OPEN
DIALOGUE BETWEEN GOVERNMENT AND INDUSTRY.

Sulphur storage, fransportation and products
seem like perfect opportunities for Kazakhstan
to build local capability. But two critical things
must happen before these will be realised.
There needs to be overhaul of the regulations
surrounding the use of sulphur; and the
markets in Kazakhstan need first to be created
and grown.

While the roadmapping project has
succeeded in identifying real opportunities
for local companies in Kazakhstan, in the
longer ferm a more formal and rigorous
approach is needed fo maintain a continuous
flow of similar ideas. Ideally, this ought to be
overseen by a strong government/industry
council. Iis role would be, in the first place, to
invite oil and gas operators to provide regular
information about their materials, products
and services requirements, the scale of these
requirements and their timing. This market
research would be made available to the
relevant international and local companies
who would subsequently be invited to put
forward local manufacturing and service

solutions — ideally with strong local job
creation, technology fransfer and supply chain
development credentfials.

A sound financial case and an effective
business model (including skills development
and training needs and based on, for
example, a joint venture, licensing agreement
or a wholly foreign-owned, locally registered
company] would be a condition of the
opportunity gaining government support.

For such a process fo work, there needs to
be good communication and open diclogue
befween government and industry. There is

a widespread view that there needs to be
less bureaucracy surrounding the import of
goods and equipment and that the business
regulatory environment has to become more
fluid and transparent and easier to negotiate.
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Process platform: governance body, e.g., Scientific-Technical Council under Kazenergy

| GOVERNANC

Priority local industry areas: SCAL; CRAs; jack-up
rigs for cold climates; steel concrete structures and
modular designs; scouring-resistant design;
sand-screen manufacturing; sulphur storage and
transportation; sulphur products; flow assurance
using chemicals and heating

Opportunity transparency. Establish, maintain and disseminate long-term overview (1-5 and 6-10 years) of
total estimated third party expenditure in key areas.

The key areas are 1) HSE in design and operations; 2) subsurface characterisation; 3) production well delivery
and performance; 4) infield flowlines and equipment; 5) gas/fluid processing; 6) manufacturing of IOR/EOR
injectant; 7) injection well delivery and performance; 8) end product handling (HC/S) plus integrated
processes 9) exploration; 10) hydrocarbon maturation; 11) construction; and 12) operation

Accelerate top-ranked local industry opportunities:
1 Steel concrete structures and modular designs
= Sand screen manufacturing

Perceived local technology strengths:
integration of seismic with other data;
advanced seismic inversion; steel concrete
structures and modular designs; sulphur
re-injection; sour gas equipment; sulphur

1 Chemical industry supplying most of required upstream chemicals
separation; flow assurance modelling and Wide distribution of
monitoring; heating for flow assurance;

()OCs and (I)SCs A
gmselr;iccl flow assurance; EOR modelling; Eggg?ﬁggfs within

Detail opportunities: market size, l
timing, boundary conditions, skills
and international providers

Annual basis, 2015+;
requests for details with
respect fo three key areas

| ()OCs and (1)SCs

INDUSTRY

Specify opportunities:
market size, timing,
boundary conditions, skills,
infernational providers

| Proposed specific local industry topics Provisional matching

opportunities/Kazakh
* groups/ international

providers ¢

—DI Identified gaps In local industry focus areas:

CRAs: no local companies to test and
manufacture; current high cost of CRAs

Detailed discussions/workshops.
Dependent on optimum business model to
establish:

Annual initiation of new SMEs in Kazakhstan, probably
initially as JVs

- — For 1 and 2: new technology,
SCAL: major advanced opportunities to

be addressed

= Kazakhstan SME to license technology

skills growth, use of expatriate
L

Cold climate jack-up rigs: globally immature
Scouring resistant design: globally immature

i Joint venture

1 Wholly foreign-owned local company

labour driven by Kazakh
SME/partner

Sulphur storage and transportation:
regulatory restrictions

Sulphur products: current lack of market in
Kazakhstan

Ongoing development of
commercial and study
facilities (in economic zone)
in Kazakhstan

Identify required skills, gaps
and consequential training
programme

R&D project scoped for:
m Cold climate jack-up rigs
1 Scouring resistant design

A

| Relevant training programmes

ENABLERS

—P' Address regulatory restrictions and sulphur market

Industry opportunities
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Skills development

Learning and skills development
in Kazakhstan

There was a strong, consistent message from
the project participants that — in common with
the oil and gas industry worldwide — there is
a shorfage of talented graduates in the basic
sciences, engineering and mathematics.
Further, the industry would ideally like to

see young people coming forward with
qudlifications in applied disciplines such as
geophysics, reservoir engineering, production
technology and production chemistry. There
is a similar requirement for more well

frained fechnicians and skilled workers to
perform important roles in construction, and
operations and maintenance.

More than one academic made the point that
the loss of the best graduates to jobs in other
industries and to other countries was also a
problem; though, this in one that is perhaps
outside the scope of this roadmapping
project.

Lleading universities in Kazakhstan are
undoubtedly producing good graduates,
based on a model with some key features:

= high course admittance standards

u well trained staff

u good working links with overseas seats of
learning

u degree quadlifications certified by leading
insfitutions

u relevant courses devised in collaboration
with industry

u visiting lecturers from overseas and industry
guest speakers

u infernships with leading oil operating and
service companies active in Kazakhstan.

More could undoubtedly be done in all of
these areas, especially given more funding.
One area that stands out is the training and
mentoring of staff fo raise feaching standards.
Post-graduate training was seen as an area
with considerable scope for improvement.
The teaching of post-graduate courses is

an area where industrial involvement is
paramount, for example, in providing expert
supervisors and access to field data on which
fo base relevant research siudies.

Strengthening the links between the academic
community and indusiry must be a consfant
objective. There must be a partnership, under
government leadership, between academia
and industry with the aims being fo:

u provide more defail around the question
of skills requirements, and bring clarity to
the gaps between graduate demand and
supply

m increase indusiry involvement in curriculum
development

u creafe more industrial placements

u raise the involvement of indusiry
professional bodies like the SPE and
SEG, who both offer highly relevant skills
development programmes

m encourage the holding of fechnical
conferences in Kazakhstan covering the
main challenges faced by local operators

u promote the upsfream oil and gas indusfry
as an exciting and rewarding place to
work.

POST-GRADUATE TRAINING WAS SEEN AS AN AREA WITH CONSIDERABLE SCOPE FOR
IMPROVEMENT. THE TEACHING OF POST-GRADUATE COURSES IS AN AREA WHERE INDUSTRIAL
INVOLVEMENT IS PARAMOUNT, FOR EXAMPLE, IN PROVIDING EXPERT SUPERVISORS AND
ACCESS TO FIELD DATA ON WHICH TO BASE RELEVANT RESEARCH STUDIES.
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|INDUSTRY

| R&D

| ENABLERS

| GOVERNANCE

Process platform: governance body, e.g.,
Scientific Technical Council under Kazenergy

JV skill and training requirements

SMEs require multi-skilled workers: requirements identified

| R&D skill gaps identified on an annual basis

—| ()OC & (I)SC manpower requirements versus Kazakhstan education system provision of required skills

#I Course selection,

IOC/academia interaction, KPIs, quality feedback loops

*

| Develop and maintain a continuing professi

onal development programme that encompasses all relevant topics in the 15 technology challenge areas

P Work with and utilise continuing development programmes of SEG, SPE, efc.

—>| Online, accredited, training and courses

| In partnership with UK Open University or similar

—— Internationally recognised certification of raining establishments | Overview available of all accredited post-university, university, scholarship and industrial

—bl “Train the trainer” provision |

Accredited scholarships:
= Practical
1 Flexible
= Modular

training opportunities
Attendance open to all with required base skills

More technical conferences in Kazakhstan ce
Sponsorship by (IJOCs, (I)SCs, SEG, SPE, efc.

ntred on 15 technical challenge areas

Attract world experts to visit or work in
Kazakhstan (selected from industry list)

—DI Establish world-beating value proposition

Encourage longer (>two years) international
cross-postings

| Government subsidises SMEs whose employees are attending authorised or accredited training courses

Skills development
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