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TECHNOLOGICAL ADVANCES IN THE EXPLORATION AND PRODUCTION OF NATURAL GAS

[bookmark: _Toc284239124]EXECUTIVE SUMMARY

This report was compiled to demonstrate the present state of knowledge and application of technologies in the exploration and production of conventional and unconventional natural gas. It has focused on the more recent advances of technology rather than attempt to describe all relevant technologies. In addition to describing the technologies, it also exemplifies the application of such technologies in the two case studies on Canadian shale gas and Russian SubArtic Gas Production.
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[bookmark: _Toc284239125]Chapter 1 The Role of Technology in Exploration & Production of Natural Gas
[bookmark: _GoBack]
[bookmark: _Toc398893296]1.1	Natural Gas Demand Outlook Towards 2030
The world is expected to experience increasing energy demand, on the back of increasing population and economic growth particularly from burgeoning middle class from non-OECD countries (Figure 1.1). As the global population rise to 9 billion in 2040, up from approximately 7 billion today, the global energy demand will rise in tandem, resulting in 50% increase in energy demand from current levels. 
Source: International Energy Outlook 2013; courtesy of PETRONAS


[bookmark: _Toc398893342]Figure 1.1 Energy demand factors

[image: ]Although oil and coal will each have the largest shares in the primary energy mix, gas demand will be the fastest growing (Figure 1.2). On average, global energy demand is expected to grow at 1.5% annually until 2040, whereby fossil fuel will continue to remain dominant, accounting for some 80% of the total energy mix.  Global gas demand is expected to grow at the rate of 1.7 % during the same time period.  Bulk of gas demand growth will come from power and industrial sectors, whereby both sectors account for 70% of the total gas demand.  Other end uses of gas include residential and transportation sectors.  Gas is gradually replacing coal in power and industrial sectors for OECD countries, while for non OECD, demand for gas and coal in each of the sectors are still hand in hand owing to the strong economic growth that could absorb the usage for both types of fuel.  Gas use in industrial sectors include firing or direct heating purposes or as building blocks for petrochemical industry.  While in transportation sectors, gas in the form of CNG and LNG are slowly gaining share in certain markets.Source: International Energy Outlook 2013; courtesy of PETRONAS
[bookmark: _Toc398893343][bookmark: _Toc399276383]Figure 1.2 Global energy demand by fuel type (Qbtu)


Gas is fast becoming a fuel of choice for power generation due to environmental and safety concerns.  The Fukushima incident has resulted in a renewed debate on nuclear power particularly on its safety and impact of any disasters.  This has rendered nuclear as "the fuel of last resort" in some countries while some has announced to progressively reduce and eventually to eliminate the role of nuclear in power generation mix.  This will enhance the role of gas in the sector as it is seen as a safer and more economically feasible option in tackling climate change.  In addition, gas could serve as a complementary resource for intermittent and variable renewable energy, to ensure reliable supply for power generation.
[image: ]Source: IEA 2013; courtesy of PETRONAS

[bookmark: _Toc398893344]Figure 1.3 Global gas consumption by sector (Qbtu)



[bookmark: _Toc398893297]1.2	Recent trends in Exploration & Production of Natural Gas
Supply and demand dynamics will continue to affect how global gas industry will play out. While robust demand spurs upstream exploration activities in search of new supplies, the reverse is also true. Recent market data and trends showed increasing number of gas discoveries particularly from the more technologically challenging deepwater areas; and increasing development and production of shale gas particularly in the US. These developments have resulted into increasing number of planned LNG liquefaction projects as one of the ways to monetize these resources and it is also expected to encourage the use of gas in end use sectors for coming years. 

[image: ]Source: IHS, WoodMackenzie , courtesy of PETRONAS

[bookmark: _Toc398893345]Figure 1.4 Oil and Gas Discovery Trend, 2007-2014

[bookmark: _Toc398893298]1.2.1	Increasing Development and Production of Unconventional Gas
Commercial production of shale gas is relatively new as compared to other more established unconventional gases such as tight gas and CBM. The ‘shale gas revolution’ in the US has given growth to the country's stagnant gas production and it is expected to reverse the country's position from a net importer into a net exporter of gas especially in the form of LNG.  In the US, there is currently over 200 mtpa of planned LNG liquefaction projects to date.  Although it is clear that not all these projects will be sanctioned, the US is expected to challenge the positions of more established LNG players such as Qatar, Malaysia, Indonesia and Australia.  
A process called ‘hydraulic fracturing’ (fracking) facilitated this transformation. Fracking is a process whereby water, sand and chemicals are injected at high pressure up to 10,000 feet below the surface, which creates fissures allowing trapped gas to be released from the shale formations.  Although hydraulic fracturing has been around since middle of last decade, the increasing scale and intensity of its usage has resulted into greater scrutiny of its operations particularly with regards to the quantity of chemical and water used in the process and issues related to water contamination and earth tremors.

With global shale gas resources of over 200 tcm[footnoteRef:1], these resources are more widely distributed across all regions. Lured by US success story, many key gas importing countries in particular, are assessing the possibilities of exploiting the available shale resources in their respective countries.  Based on current projections, by 2025, there will be around 15 shale gas producing countries – with North America (US and Canada) as dominant producers[footnoteRef:2].  [1:  EIA]  [2:  Wood Mackenzie – Global Gas Service H2 2013] 

 Source: IHS, courtesy of PETRONAS

[bookmark: _Toc398893346]Figure 1.5 Trends in Oil and Gas discovery

Significant progress have also been made in methane hydrate.  While the knowledge on methane hydrates and the efforts to extract gas from this new resource type has been around for decades, in March 2013, Japan has announced its first successful offshore production test, marking the feasibility of producing gas from offshore methane hydrate.  Japan is targeting 2018 for commercial production. 

[bookmark: _Toc398893299]1.2.2 Increasing gas finds particularly from deep-water areas
On the back of robust oil prices, exploration activities have been regaining popularity and results have been encouraging[footnoteRef:3]. This decade has seen more upstream discoveries of gas fields whereby a substantial portion were found in deep-water areas. In 2012, gas discoveries dominated total discoveries at 20,000 mmboe against 7,000 mmboe for oil – of which 79% was found in deep-water areas.  Interests in offshore drilling particularly deep-water are expected to remain elevated driven by the large volumes of deepwater discoveries and emergence of prolific deep-water areas such as the East Mediterranean (Levantine), East Africa (Rovuma basin), offshore West Australia (Carnarvon basins) and Latin America Equatorial Margin (Guyana basin) to name a few. [3:  Energy Strategy Briefing – Positioning in the Upstream World - Wood Mackenzie 2013] 


[bookmark: _Toc398893300]1.2.3 Spectacular number of planned LNG liquefaction projects 
LNG will drive global gas trade in the coming years. Global LNG demand is expected to grow at 4.7% per annum, more than double the rate of global gas demand growth itself.  The importance of LNG is evidenced by the rising share of LNG over total global gas demand, from only 5% in 1990 to 10% and 15% in 2010 and 2030 respectively.  Asia will continue to dominate the LNG market owing to robust demand from Northeast Asian market, China, India and emerging Southeast Asia.  

That said, LNG is one of the clear choices to monetize gas discoveries particularly in areas of low gas demand.  In addition to the projects which are under construction (of around 95 mtpa), a few other LNG projects are also being planned to monetize large gas discoveries such as in East Africa and East Mediterranean.  As aforementioned, the US is also planning for LNG exports due to massive production of shale gas. It is expected that the total LNG liquefaction capacity will reach 440 mtpa by 2020.   This number will certainly increase when the planned projects materialize beginning next decade.
[image: ]Source: WoodMackenzie, courtesy of PETRONAS


[bookmark: _Toc398893347]Figure 1.6 LNG liquefaction plants (mtpa)
[bookmark: _Toc398893301]1.2.4 Increasing uses of gas into the primary energy mix 
Increasing gas production (and the subsequent low gas prices) will result to greater gas use in primary energy mix due to economic gains.  Taking the US as an example, natural gas is expected to play a greater role in the power generation sector whereby it is expected to increase from 25% in 2010 to 40% in 2040. Similarly, gas usage in industrial sector will continue to increase either as firing or direct heating purposes or as building blocks for petrochemical industry, as aforementioned. 

In the transportation sector, low gas prices have increased competitiveness of gas which could possibly result to gradual demand erosion of oil.  Natural gas vehicles (NGV) are commonly fuelled by compressed natural gas (CNG) or LNG – for land and sea-borne transportation.  Globally, demand for LNG as bunker fuels is expected to reach as high as 1.2 mil barrels equivalent by 2025.  In addition to gas supply availability the use of LNG as bunker fuel is also encouraged by stricter emissions target in selected areas.

[bookmark: _Toc398893302]1.3	Technology Response to Global Gas Outlook
As mentioned above, the global energy demand is growing and it is expected that fossil fuel, particularly oil and gas will play an important role in meeting this demand.  In the upstream sector, technology plays a role in unlocking and delivering these sources of energy to the global markets in safe, reliable and sustainable manner.  As production from current projects stagnate or decline, technology plays an important role in opening up access to and expands new sources of energy supply including those from difficult geology and harsh environments. 
	Impact of Technology in Exploration and Production of oil and gas

	22,000 fewer wells are needed on an annual basis to develop the same amount of oil and gas reserves as were developed in 1985. 

	Had technology remained constant since 1985, it would take two wells to produce the same amount of oil and natural gas as one 1985 well. However, advances in technology mean that one well today can produce two times as much as a single 1985 well. 

	Drilling wastes have decreased by as much as 148 million barrels due to increased well productivity and fewer wells. 

	The drilling footprint of well pads has decreased by as much as 70 percent due to advanced drilling technology, which is extremely useful for drilling in sensitive areas. 

	By using modular drilling rigs and slim hole drilling, the size and weight of drilling rigs are reduced by up to 75 percent over traditional drilling rigs, reducing their surface impact. 

	Had technology, and thus drilling footprints, remained at 1985 levels, today's drilling footprints would take up an additional 17,000 acres of land. 

	New exploration techniques and vibrational sources mean less reliance on explosives, reducing the impact of exploration on the environment. 


Source: www.naturalgas.org/environment/ 
[bookmark: _Toc398893348]Figure 1.7 Statistics on productivity increase due to Technology
The industry need to move up the technology curve into more challenging areas such as high temperature/high pressure (HPHT) fields, high CO2 fields, deepwater/ultra deepwater and harsher climate such as the Arctic.  Technology is rarely revolutionary but will be relied upon to execute difficult projects[footnoteRef:4]. [4:  Energy Briefing – Wood Mackenzie September 2013] 


While technology development have been progressive, moving forward, technology and innovation will move at a faster pace as the foundation of knowledge has been acquired through decades of testing and experimenting. 

[image: ]
                    Courtesy of PETRONAS
[bookmark: _Toc398893349]Figure 1.8 Progressive technology development in the exploration and production of natural gas

The 2014 EU Industrial R&D Scoreboard ranks the oil and gas sector at the 12th position by level of R&D spending. Comparatively to other industries, while the oil and gas companies do acknowledge that technology development is key; they rank lowly when compared to technology innovative industries such as pharmaceutical and biotechnology.

Technology in oil and gas exploration and extraction is gaining prominence, and has become imperative as the industry shifts into technically challenging areas in deeper waters, deeper reservoirs, unconventional energy and the venture into the Arctic Circle.

The supermajors are the largest R&D spenders such as Shell, Total and ExxonMobil (Figure 1.9). Advancement in technology allows access to premium acreage, to get the upper hand against competitors, and a means to an end in an ever-evolving industry.
However, low crude oil price in recent times would be a hindrance to oil and gas companies from investing in R&D as they struggle to maintain cash flow and remain resilient through a low priced environment. 

[image: ]Source: Annual Reports, courtesy of PETRONAS

Figure 1.9 R&D Expenditure of selected majors in 2012 and 2013


Conclusion
Technology plays a role within the upstream and downstream of the gas sector, to ensure cost (1) competitiveness, (2) Business and environment sustainability and (3) Operational excellence.

By allowing access to more volumes, particularly from technically challenging sectors; this would diversify the sources for energy whilst increasing resource base size and improving recoverability. Further down the value chain, technology plays a role in bringing supplies to the markets via well networked infrastructure whilst maintaining price and cost competitiveness, security and stability of the supplies. Technology also provides monetization options through new markets or new demand segments/applications. 

In addition to cost competitiveness, across the value chain technology will continue facilitate improvements in terms of business and environment sustainability; and operational excellence – driven by levels of oil and gas prices,  pace of demand growth, levels of oil and gas prices and market reforms. Prices are key incentives to promote and support technological investments thus driving the industry forward into a greater pace of innovation; unlocking frontier and new resources beyond traditional resources.



[image: ]    

             Courtesy of PETRONAS

[bookmark: _Toc398893350]Figure 1.10 Role of technology in the E&P Industry



[bookmark: _Toc398217847][bookmark: _Toc284239133]Chapter 2 Gas Reservoir Characterization

[bookmark: _Toc284239134]2.1	Introduction
As fields mature beyond primary depletion and the realization that more needs to be done to maximize extraction out of existing reservoirs, a renewed impetus and drive on understanding reservoir characteristics grew, gradually at first and rapidly later. Focus over the years have been on seeing better through seismic and electro-magnetic methods, pore and log scale derivation of reservoir properties,  understanding reservoir geometry and continuity including understanding baffles to flow such as faults dynamics, properties and modelling. Reservoir characterization seeks to derive all the pertinent information that is required to adequately describe a reservoir in terms of its ability to store and produce hydrocarbons over time. This entails knowing the complete reservoir architecture including the internal and external geometry, its distribution of reservoir properties, and the understanding the fluid flow within the reservoir.

It is the intent of this report to highlight selected technologies that are creating advances on reservoir characterization and not necessarily all the technologies that contribute to good reservoir definition.

[bookmark: _Toc284239135]2.2 	Definition
Reservoir characterization is a combined technology associated with sedimentology, geophysics, petrophysics, geology, geostatistics, geochemistry and reservoir engineering building on fundamentals of physics, biology and chemistry of rocks and its geometry and contents. The main goals of reservoir characterization is to build an accurate representation of the field such that engineering for production and reservoir management efforts yields higher recoveries with fewer wells in better positions leading to:
· Minimum cost through optimization
· Increased reserves
· Improved stimulation and completion practices
· Reduction in uncertainties in production forecasts 


[bookmark: _Toc284239136]2.3	Advances in reservoir characterization technology
Reservoir characterization has attracted remarkable research efforts particularly over the past 20 years. Material improvements and technical innovations have led to the advances of reservoir characterization technology. These improvements or innovations which improve reservoir characterization technology can be summarized into two aspects:
I. Advanced instruments and technologies applied in data gathering, processing and monitoring have improved quality and reliability of test data. 
II. The development of related technology such as computer science and information science has realized comprehensive integration of reservoir characterization with outcrop analogues, seismic, geology and well logs and made the subsurface reservoir model, output of reservoir characterization study into digital 3D visible model.

[bookmark: _Toc284239137]2.3.1 Gas Cloud Imaging
Gas clouds are gas accumulation, trapped as an overburden that lowers P-wave velocities (Vp) and frequencies, disrupting transmitted energy and obscuring events beneath it. From seismic observation, gas anomalies can be formed due to biogenic and thermogenic processes which produce local gas such as methane, ethane or CO2. A related phenomena is the formation of hydrocarbon related diagenetic zones, for example within channels bends (Figure 1) and pockmark features at the seabed surface if the gas escapes to the seabed. The seepages of gas bubbles making its way through a leaking fault system are usually large enough to be visible in the seismic section in the form of gas chimneys (Figure 2). Depending on the geological structure, the gases may also get trapped and saturate as shallow gas complexes.

The presence of gas in the shallow overburden causes multiple scattering in thinly layered heterogeneous media and was first described by Anstey (1971). A nonlinear full waveform re-datuming method proposed by Ghazali (2011) utilized the multiple scattering phenomena which describes the overburden as complex scattering and translated it to a transmission correction operator. Since it is a nonlinear full waveform inversion (FWI) method, it is important to characterize the rock properties in the gas clouds to identify factors that caused the formation of shallow overburden and help to constrain non-linear inversion results. Complex seismic wave propagation in the heterogeneous media due to multiple scattering of the complex wave fields also leads to amplitude attenuation.


Gas chimneys
[bookmark: _Toc398893351][bookmark: _Toc399276391]Figure 2.1 Gas seepage effects seen on the seismic data as gas chimneys
Point bars
Blue : gas anomalies
[bookmark: _Toc398893352][bookmark: _Toc399276392]Figure 2.2 Gas anomalies in channel systems can be a result of thermogenic or biogenic processes 
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Arntsen et. al. (Geophysics, 2007); courtesy of Petronas

[bookmark: _Toc284259006]Figure 2.3 (a) A seismic section of Tommelitan Alpha Field. (b) A model of connected fracture network that is located above the reservoir. (c,d) Finite difference modeling of the model with and without the fracture network.



Arntsen (2007) had modeled a connected fracture network above a reservoir and the outcome from the finite difference modeling shows up a gas chimney that closely mirrors the artifacts seen on the original seismic section (Figure 2.3). This particular approach has been used to remove this imprint from the reflections below this overburden and solve for true imaging of structures, reservoir and fluids through nonlinear full waveform inversion (FWI) and re-datuming as proposed by Ghazali (2011) (Figure 2.4).

[image: velocitymodel][image: ][image: ][image: ]     d
b
c
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From Ghazali, 2011; courtesy of Petronas

[bookmark: _Toc284259007]Figure 2.4 (a) A velocity-depth model with shallow overburden. (b) A stack section from acoustical finite difference modeling showing a time sag. (c) Pre-SDM result of the model after solving for effective medium of shallow overburden via FWI. (d) Stack section after full waveform re-datuming showing better definition of the target horizons

The problem of imaging through gas clouds is experienced in many basins. Ultimately, better reservoir imaging can be obtained through a coupling of the appropriate data acquisition method and advanced seismic processing workflows. Four-component ocean bottom systems seismic data acquisition that is coupled with powerful seismic processing algorithms yields enhanced imagery in most cases. Ocean bottom seismic (OBS) is a well-established technology which resolves many of the known limitations of the alternative method of towed streamer seismic acquisition technology.

Towed streamer seismic often times are unable to provide any meaningful data over the central part of a structure due to the presence of gas in the overburden and the PP data is inadequate (Figure 2.5). By contrast, 4C OBS provides PS data, which is insensitive of to the presence of low saturations of gas in the overburden. 


The main benefits of the 4C-OBC seismic method are:
· Broader signal band-width achieved through dual sensor summation.
· Better P-wave imaging through wide azimuth coverage (3D-4C).
· Improved seismic imaging below gas invaded zone.
· Better lithological discrimination using Vp/Vs ratio.
· Fracture identification and characterization by studying the shear wave splitting in an anisotropic medium.

  
Courtesy of Petronas

[bookmark: _Toc284259008]Figure 2.5 Imaging comparison for a gas area between PP (top image) and PS



The challenge to make the seismic acquisition cost effective especially for smaller fields involves the use of non-vessel based equipment and running acquisition in campaigns to minimize costs of mob and demobilization. When multiple surveys are required for fluid front monitoring, permanent ocean bottom installations can be justified as the onetime costs of equipment are defrayed over several on demand seismic data acquisition runs.

[bookmark: _Toc284239138]2.3.2 Reservoir modelling[footnoteRef:5] [5:  Includes public domain material from Roxar’s and Tracero’s websites.] 

Digital reservoir models are built as a means to unite the geophysicist and geologist to create fit-for-purpose reservoir models that improve decision-making and potentially maximise the recovery factor. Model-driven interpretation allows geoscientists to guide and update a 3D, geolocially consistent structural model directly from the data. Geoscientists create suites of model realizations that satisfy many external constraints, from well picks and zone logs to velocity uncertainty and horizon or fault positional uncertainty. These model realizations allow to quantify uncertainty in their subsurface parameters further down the value chain.

Furthermore, model driven interpretation provides a forum for cross-disciplinary interactions: geophysicists, with a strong understanding of the complexities of seismic data can work together with geologists, with their understanding of the lithologies and facies
Multiple models, responsive workflows, capturing the limitations of the data and quantifying geological risks early helps increase reservoir recovery factors and commercial success. Uncertainty maps can be used to investigate key risks in the prospect, or areas can be quickly identified for more study. The possibilities are wide and varied, but the fact remains that by capturing uncertainty at the beginning of the geoscience workflow, operators gain the best possible picture of their subsurface risks.










A realistic depiction of the geometry and properties that impact fluid flow and volumes as determined from all available data, seismic images, property logs, regional geology, or even production data within an accurate structural framework – the faults and geologic horizons in the reservoir. 
As a tool for decision-making support. The operator should be able to make predictions and hypotheses that are tested via a drilling campaign. Requires tight integration of data and the ability for interpreters, modelers, reservoir engineers, and drillers to work together towards common objectives.
The model captures and use the uncertainties and risks that affect reservoir management decisions. Experience shows that an increased awareness of risks, particularly early in the interpretation and model building phases, leads operators to improved results throughout the reservoir lifecycle.

[bookmark: _Toc284259009]Figure 2.6 Effective reservoir model guide

There are several pitfalls in reservoir modelling as follows:

· Over-dependence on single model
Conventional industry workflows in geosciences still remain geared towards producing a single model or scenario, even though it is widely accepted that multiple scenarios fit the data. The result is that many alternative hypotheses are discarded and not carried through to decision-making.

· Disjointed and time-consuming workflows
At many companies, workflows are segmented and ‘siloed’. Geophysicists interpret thousands of points at seismic scale, and geomodellers do the best they can to fi t the model to the interpretation. Iteration and quality control is time consuming and resource intensive. Too often data is ignored, or, in the case of poor seismic data, interpretations may be estimated and the data quality forgotten.




· Ambiguity of the data
All subsurface data are uncertain to various degrees. Whether it is trajectory uncertainty associated with a well log or bandwidth limitations of seismic data, ambiguous measurements result in uncertain estimates of horizon or fault locations. Many configurations or scenarios are therefore possible, but cannot be distinguished by the data alone.

· Uncertainty in static reservoir properties
The static reservoir properties (for example, the structure or interpretation, depth conversion, fault model, or facies distributions) are the largest contributors to the commerciality of a prospect.These factors must be integrated to obtain risked estimates for decision support.

[bookmark: _Toc398217848][bookmark: _Toc284239139]2.3.3	Fluid Flow 
Knowledge of subsurface fluid flow provides valuable information to a reservoir field development team during hydrocarbon recovery. This information can be used to ensure effective reservoir displacement to maximise hydrocarbon extraction efficiency. Several companies have developed a range of specialist tracer technologies that can be applied to enhance information on oil, water and gas flows in reservoirs. The techniques are applied in many development stages from drilling wells, field development and in late field life to monitor the effectiveness of tertiary recovery operations.

[image: ]In cases where there is uncertainty on oil contributions from each reservoir zone, tracer technology can be used detect fluid flows for each completed producing zone. Similarly tracer technology can be used to identify where injection water would breakthrough into the well. Controlled release chemical tracer technology would provide the operator valuable inflow data without the need for well intervention.

[bookmark: _Toc284259010]Figure 2.7 Monitoring In-flow Oil Production through a Sliding Sleeve Completion for Chemical Tracer Technology Applications


In a production reservoir model, it is sometimes necessary to validate the fluid flow reservoir simulation models. Tracers can be used to detect where flows are entering the borehole at the different completion stages and in cases where multilateral wells are used, the maximisation of oil production over water requires the understanding of the order of flow of water and oil in different parts of the wells.

[image: Well Schematic and Tracjectories]
Source: Tracerco website
[bookmark: _Toc284259011]Figure 2.8 Monitoring sequence of hydrocarbon and water flows in multilateral wells
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[bookmark: _Toc284239140]Conclusion

Hence, the recent advances in technology has led to increasing successes in exploring for gas fields through better definition of the subsurface and the power of predictive modelling.
These two factors have allowed operators to harness subsurface clues to hunt for gas and to utilize the power of computing for describing the unseen subsurface to great details to reduce uncertainties during field development and production. It must be said that modelling the subsurface mechanically, however, without a strong understanding of what the data means, is simply a waste of time and it must be emphasized that the power of predictive modelling can only be realised by an integration of a full suite of geophysical, geological, reservoir engineering and drilling skills built on a foundation of good science


[bookmark: _Toc398217849][bookmark: _Toc284239141]Chapter 3 Unconventional Hydrocarbons

[bookmark: _Toc284239142]3.1	Introduction
The hunt for unconventional hydrocarbons is driven by the premise that sustainability into the immediate future requires cleaner forms of hydrocarbons as the world’s population continue to increase and concentrate into cities necessitating the creation of jobs and ever demanding energy for economic growth. As gas is cleaner, gas is in a prime position to surpass coal as a major source of energy and become a foundation fuel. This is coupled with a fast depleting conventional hydrocarbon base as discoveries are smaller and further to market centers.

While methane hydrates have been touted as a future source of hydrocarbons, being plentiful and accessible both onshore and offshore, many technical and environmental issues will need to be handled before commercial production of this voluminous resource can become mainstream. There has been exciting progress made in recent years and this article will highlight some recent achievements and the challenges going forward. 

[bookmark: _Toc284239143]3.2	Shale Gas[footnoteRef:6] [6:  Based on presentations at IGU WOC 1 meeting at Kota Kinabalu, 2013; courtesy of CNPC and Alvaro Rios (DrillingInfo, USA)] 

The economical extraction of shale gas more than doubles the projected production potential of natural gas, from 125 years to over 250 years. The fulfillment of this outlook requires cost effective technologies to create a positive balance for operators producing through the swings in the market price of gas. 

Shale gas are self-sourcing and low permeability reservoirs where gas is absorbed in the organic matter. As such, the reservoirs require pervasive natural fractures to be present or to be artificially created before the absorbed gas can be released to flow into the wellbore. Associated production of liquids with the gas has been seen as a boost to profits during sluggish market conditions and have opened up a frenzy of acquisitions into liquid rich shale gas acreages.  The primary technological breakthroughs in horizontal drilling and multi stage fracturing have allowed economic development of the shale gas. Additionally, advances in artificial stimulations product slurries and highly efficient drilling operations for high well density drilling campaigns aka “factory operations” have contributed to a healthier bottom line.


[image: ]
                                                                                Source: Presentation at IGU WOC meeting, KK, 2014; courtesy of CNPC
[bookmark: _Toc284259012]Figure 3.1 Wellsite Operations Plan Sketch

[image: ]
                                                                                 Source: Presentation at IGU WOC meeting, KK, 2014; courtesy of CNPC
[bookmark: _Toc284259013]Figure 3.2 Factors for minimizing cost of operations and surface footprints
Pad drilling 
Pad drilling is the practice of drilling multiple wellbores from a single surface location and is one of the most important innovations. 
Prior to the advent of pad drilling, an operator would drill a single well, disassemble the drilling rig, move it to a new location, and then repeat the process. Through pad drilling, 4, 10, 20 or more wells can be drilled from a single, compact piece of land. Doing so saves time and money that would be spent packing and moving the rig and preparing a new drilling site. It also means a smaller impact on the area landscape.
The map below shows the locations of all wells drilled since 2004 in the covered play areas. Wells that were pad drilled are in blue and single wells are in red.
Figure 3.3: Map of locations of all wells that were pad drilled since 2004 in nine plays in U.S.
[image: ]Source: DrillingInfo
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Source: Presentation at IGU WOC meeting, KK, 2014; courtesy of CNPC
Figure 3.4 Fracturing Process

[image: ]
                                                                                     Source: Presentation at IGU WOC meeting, KK, 2014; courtesy of CNPC
Figure 3.5 Impact of choice of well types on surface footprints



Source: Presentation at IGU WOC meeting, KK, 2014; courtesy of CNPC
Figure 3.6 Efficient subsurface penetration and minimal surface impact as a result of the Multi Well Pad System

[image: ]
Source: Presentation at IGU WOC meeting, KK, 2014; courtesy of CNPC
Figure 3.7 Proximity of wells to process train minimize surface footprints

[image: ]   
                                                                                Source: Presentation at IGU WOC meeting, KK, 2014; courtesy of CNPC
Figure 3.8 Maximising Frac. equipment utilization options

[image: ]
                                                                            Source: Presentation at IGU WOC meeting, KK, 2014; courtesy of CNPC
Figure 3.9 Water treating for re-use and decreasing sewage for environmental requirements

Well interference
Well interference occurs when two or more wells attempt to drain the same reservoir volume. As the industry develops and spacing between wells decreases due to infill drilling, this interference effect will become more important to well and play-level economics. 
The effect of infill drilling on well productivity is difficult to measure, due to the number of variables involved. Differences in geology, drilling and completion practices, and production strategies all have an impact on both initial and long-term well productivity. Complicating matters further, interference is not a one-way street. When two well produce at the same time, Well 1 can interfere with Well 2, but Well 2 can also interfere with Well 1. This makes benchmarking between wells problematic, because interference may be present to different extents in each well’s production history.
Many operators in U.S. are developing their field with wellbore spacing around 300 feet and 600 feet. The understanding of the effect of well interference is important because anticipating what wellbore spacing best practices the industry will ultimately adopt based on the interplay between well interference and total drilling locations, it’s much easier to determine the long-term productivity of plays like the Bakken, Eagle Ford and Marcellus.
There is a unique approach to evaluating the effect of well interference, based on a concept found in behavioral psychology. This approach will refer as the “twins separated at birth model.” Behavioral psychologists study identical twins, separated at birth, in an attempt to discover the relationship between genetics and environment in shaping a person’s personality and actions. 
This approach has been tested for unconventional where they look at wells that are nearest neighbors to one another, where the first well in the pair started producing a specified amount of time before the second one began producing. Furthermore in order for a well pair to be included in the study, certain conditions or criteria’s had to be met. To test this analysis the Barnett formation in U.S. has been selected because it has significant production history, with extensive unconventional development beginning in 2004.
The two graphs below shows the results of the twins analysis:  
Figure 3.10: Analysis of well interference using six month cumulative production values [image: ]
Source: DrillingInfo


Figure 3.11 : Analysis of well interference using twelve month cumulative production values

[image: ]
Source: DrillingInfo

Operators can use these type of analysis to understand the effect of well interference, select the best practice, understand well interference on production appears to increase over time and that operators prefer to sacrifice individual well productivity in the name of maximizing the total amount and rate at which an area produces.
As more wells are drilled, there is now enough information to show that not all shale gas acreages are the same in terms of reservoir productivity and hence longevity of wells. There is much work currently being pursued to understand adsorption and the mechanisms for release of gases as well in the development of predictive modelling.



[bookmark: _Toc284239144]3.3	Methane Hydrates[footnoteRef:7] [7:  Based on published papers courtesy of Jogmec] 

Methane hydrates are ice-like materials composed of methane and water molecules under high-pressure and low-temperature conditions and as such, is expected to be an important hydrocarbon energy resource in the future. The formation and stability in the subsurface of these structures are constrained by a relatively narrow range of high pressure and low temperature and depend on the influx of free gas and the amount of gas dissolved in the pore fluid.
Global estimates of in-place methane gas volume within oceanic hydrates is about 1-5 x 1015 m3 that is approximately 2-10 times greater than the ultimate recoverable conventional natural gas resource (Milkov, 2004). Assuming technologies can be developed to recover 10 percent methane gas from these hydrates, it will allow 30-170 years of new natural gas supply to the world. They are found abundantly worldwide in the top few hundred meters of sediment beneath continental margins at water depths between a few hundred and a few thousand feet. They are present to a lesser extent in permafrost sediments in Arctic areas. 
In the marine environment the gas hydrate stability zone is determined by water depth, seafloor temperature, pore pressure, thermal gradient and the gas and fluid composition. The base of the zone in which hydrate can exist is limited by the increase in temperature with depth beneath the seabed

In 2001, the Japanese Ministry of Economy Trade and Industry (METI) launched a "Japan’s Methane Hydrate R&D Program" for developing naturally occurring gas hydrate deposits in marine sediment around Japan into an energy resource of the new millennium. The Research Consortium for Methane Hydrate Resources in Japan (MH21) was formed to accomplish the tasks defined in this program under METI, of which dominantly participating organizations are Japan Oil, Gas and Metals National Corporation (JOGMEC) and the National Institute of Advanced Industrial Science and Technology (AIST). This program consists of the three phases: Phase 1 (from fiscal year 2001 through 2008), Phase 2 (from fiscal 2009 through 2015), and Phase 3 (from fiscal year 2016 through 2018). The final goal of this program is to establish a technology platform for commercial gas production from offshore-Japan methane hydrates by year 2018.

[bookmark: _Toc284239145]3.3.1 Assessment of resource availability
Resource assessment conducted involves identifying hydrate bearing sediments through seismic signatures recognized on seismic profiles such as [A] Bottom Simulating Reflectors, BSR, [B] turbidite sand sequences above BSRs identified on 3D seismic visualization, [C] strong seismic reflectors, and [D] seismic high velocities. In the eastern Nankai Trough, more than ten (10) Methane Hydrate Concentrations Zones (MHCZ) were identified through the analysis of 2D and 3D seismic data.

The occurrence of hydrates can be estimated in well logs, in particular electrical resistivity and sonic logs. Gas hydrate bearing sediments show anomalously high electrical resistivity and high acoustic velocities. At the base of the gas-hydrate stability zone, which marks the contact between gas-hydrate and free-gas-bearing sediments, a distinct drop in acoustic velocity often characterizes the acoustic log.
Currently, the principal indicator of marine methane hydrates is the detection of bottom-simulating reflectors (BSR's) on seismic data. Unfortunately, in older data these may have been processed away as they were not recognised for what they are. Reprocessing existing data, concentrating on the shallow section and the BSR, should improve estimates of the extent of this resource.
Probabilistic estimates of this resource was conducted using gross rock volume, the net to gross ratios, methane hydrate saturation, porosity, cage occupancy and formation volume factor and lead to the estimation of 20Tcf within the 10 MHCZs.
[image: ]                                                                                                                                                                 Courtesy of JOGMEC 
Figure 3.12 Seismic visualization of methane hydrates accumulation

[bookmark: _Toc284239146]3.3.2 Production methods
Two gas hydrate dissociation methods were previously tested by the Mallik 5L-38 well drilled by JAPEX/JNOC/GSC in 2002 namely, thermal stimulation and depressurization where the MDT tools used showed encouraging results. Further laborotary and numerical simulation modelling using the MH 21-HYDRES reservoir simulator suggested possible continuous and sustained gas flow with depressuization. 

Depressurization is a gas production method to dissociate hydrates by lowering wellbore pressure below the hydrate stability pressure. After completing a well in the hydrate sediment, gas production is water-lifted using an electrical submersible pump (ESP). Then the bottom hole pressure is decreased at the wellbore and this pressure reduction propagates into the hydrate formation. By lowering pressure below the hydrate stability one, hydrate in the formation starts to dissociate and dissociated gas & water flow into the wellbore. Hydrate dissociation is endothermic reaction, so the temperature of hydrate layer goes down with dissociation. Geothermal heat is naturally supplied as a driving force of hydrate dissociation due to the temperature difference.
[image: ]

Figure 3.13 Concept of gas production method

Following onshore trials, JOGMEC drilled the world’s first offshore gas production well from hydrates on the Daini Atsumi Knoll in the Nankai Trough in water depths of 1000m where the top of the hydrates zone was around 300m below sea floor.
Figure 3.14 Seismic profile near to production test site

Two monitoring wells, 20m apart and one producer was drilled in total from late 2011 to early 2013. In the above programme, logging, coring and production completions using gravel packing was undertaken. 4D seismic monitoring using 4C techniques, distributed temperature sensing and resistance temperature sensing, environmental and sea floor deformation monitoring was part of an extensive monitoring program to understand the dissociation and production behaviours. Cores recovered were analyzed for mechanical properties and confirmation of the hydrate saturation distribution in the target hydrate formation. The well was completed as an open hole with gravel packs in 2013. 
[image: ]Production interval was completed by 8 1/2" openhole with gravel packed. In 2013, BOP and riser pipes were run down to the production well in which 36" conductor pipe and 13-3/8" casing pipe section had already been drilled in 2012. 12-1/4" hole section was drilled to the bottom of silty formation above MHCZ, and 9-5/8" casing was set. The 8-1/2" hole section was drilled in MHCZ as the first riser drilling of methane hydrate zone in this project. There was some risk that methane gas in the sediment would flow into the well and riser pipe, and cause gas flow at the surface, but no significant free gas was observed. After the drilling operations, sand control device was set in the openhole section. Subsequently, downhole production devices were run into the holes with many electrical and optical cable splicing.
Source: Yamamoto, 2014

Figure 3.15 Production related operations schedule for first offshore well

[bookmark: _Toc284239147]3.4	Conclusions
The objectives of the world’s first offshore gas production test from methane hydrates below seafloor were 1) confirmation of productivity in an offshore methane hydrate well in short duration (one to several weeks), 2) achievement of stability and integrity of wells drilled in shallow and unconsolidated sediments, and 3) implementation of monitoring technologies to collect information of methane hydrate dissociation behaviors. A six-day continuous gas production of up to about 120,000 m3 (4.2 mmcf) for an average rate of 20,000 m3/d (706 mcf/d) was successful. However, production was terminated after the sixth day due to the unexpected occurrence of sand production.

The above issue leads the list of technical issues to be resolved if commercial production of methane hydrates is to be achieved. These issues are broadly categorized into:
· Well completions for assurance of longer term and stable production,
· Production enhancement methods,
· Control of hydrate dissociation (mechanisms, prediction and monitoring),
· Environmental monitoring and assessments of longer terms production test.






















[bookmark: _Toc284239148]Chapter 4 Gas to Liquids
[bookmark: _Toc284239149]GTL Overview: 

Gas-to-liquid conversion (GTL) refers to the process of converting natural gas to synthetic oil. This synthetic oil is then used as fuel as a product based on hydrocarbons.1 LNG, PNG, and CNG are classified according to their respective transportation technologies, but GTL products in a liquid state at room temperature are long-chain hydrocarbon products identified by the transformation technology of chemical conversion.2
Coal, natural gas, and biomass3 are used as raw materials in the FT process, while the meaning of GTL refers to the conversion of natural gas to pure synthetic oil while removing impurities such as sulfur, aromatic compounds, and metal substances.4 By refining the synthetic oil, it becomes possible to produce diesel, naphtha, wax, and other liquid compounds based on oil or other special products. This transformation technology is based on Fischer-Tropsch synthesis (henceforth the FT process), which was developed 100 years ago.5 Technology pertaining to the pre-treatment of gas, a reforming and upgrading process, has reached a mature stage, but the FT process is in the stage of commercialization. New technology is continuously being developed, and currently available technology is applied to the conversion process to enhance the efficiency of the process.6,7 In addition, mini-GTL technology for application to small-scale gas fields is being developed. The factors influencing competitiveness include the investment cost, operation cost, materials cost, plant dimensions and technology-enhancing usability of the products.8 In comparison with the history of the coal-to-liquids (CTL) process, GTL is new technology, and globally commercialized facilities are in fact very rare at this point.[footnoteRef:8]
 [8:  Dry, M. E. Catal. Today 2002, 71, 227.
2 Khalilpour, R.; Karimi, I. A. Energy 2012, 40, 317.
3 Petrus, L.; Noordermeer, M. A. Green Chemistry 2006, 8, 861.
4 Williams, R. H.; Larson, E. D.; Liu, G.; Kreutz, T. G. Energy Procedia 2009, 1, 4379.
5 Schulz, H. Applied Catalysis A: General 1999, 186, 3.
6 McFarland, E. Science 2012, 338, 340.
7 Sousa-Aguiar, E. F.; Noronha, F. B.; Faro, J. A. Catalysis Science & Technology 2011, 1, 698
8 Wood, D. A.; Nwaoha, C.; Towler, B. F. Journal of Natural Gas Science and Engineering 2012, 9, 196.] 

[image: ]Figure 4-1. Transformation Technology of GTL (source: David Robertson, GTLtec, 18th-19th February 2008)


Table 4-1. GTL Project Status 
	Project
	Country
	Scale
(bbl/day)
	Start-up

	Shell Bintulu GTL
	Malaysia
	14,700
	1993

	PetroSA Mossgas GTL
	South Africa
	36,000
	1993

	Sasol/QP ORYX GTL
	Qatar
	34,000
	2007

	Shell Pearl GTL
	Qatar
	140,000
	2011

	Chevron Escravos GTL
	Nigeria
	34,000
	2013

	Total
	
	258,700
	

	





[image: XTL map]
Figure 4-2. XTL Opportunities across the globe.
(source: http://www.cwcxtl.com)

Through recently a plant in Nigeria was completed, the total GTL production capacity is only 260,000 barrels per day.9 In contrast, and the daily amount of oil consumed worldwide is 87 million barrels. Thus, GTL production is not subject to restrictions set by consumption amounts.
GTL has some advantages in the actual market environment, where the price of oil is high while the gas price remains low. The Figure 3-3 indicates that the development and production of rich shale gas leads to an excessive supply of gas, causing the gas price to fall. Also, the constant demand for oil from China and India tends to increase oil price. The gap between the oil price and the gas price is predicted to increase. One barrel of crude oil generates the equivalent of 5.8 million BTU. In fact, the gas price is less than US $4 per million BTU. When converting gas to oil, a premium of US $13 per million BTU is realized.[footnoteRef:9] [9: 9 Onwukwe Stanley, I. Journal of Natural Gas Science and Engineering 2009, 1, 190.] 


[image: ]
Figure 4-3. US Oil and Gas Price Forecast by EIA and GTL Economy (from Ref. [16] Fonseca, A.; Bidart, A.; Passarelli, F.; Nunes, G.; Oliveira, R. In World Gas Conference 2012)
[bookmark: _Toc284239150]
Mini GTL 

For the realization of successful mini-GTL technology, it is necessary to develop compact and high-efficient GTL processes and modularization techniques to ensure competitiveness, even at a small scale10-12. Such processes and techniques will be efficient technology when applied to small and medium gas fields as well as oilfield and landfill gas production sites on land and at sea.
GTL technology for developing small and medium gas fields and associated gas sources requires the following conditions: (1) reduction of the plant construction cost for economic feasibility on a small scale for hundreds to thousands of BPD; (2) compactness and mobility for installations in places without infrastructure, such as frozen zones in Siberia and underdeveloped gas networks; (3) easy installation in limited spaces for offshore applications; and (4) compactness and modularization of compressors and related equipment for a simple process with high efficiency.
 Further study will be done for small and medium gas fields, to which mini GTL technology is expected to be applicable. From a long-term point of view, the development of GTL-FPSO linked to shipbuilding technology will be applied to small and medium-scale offshore gas fields as well as the strategy of launching a high-value-added shipbuilding market.[footnoteRef:10] [10: 10 Almeida, L. C.; Sanz, O.; D’olhaberriague, J.; Yunes, S.; Montes, M. Fuel 2013, 110, 171
11  Almeida, L. C.; Echave, F. J.; Sanz, O.; Centeno, M. A.; Arzamendi, G.; Gandía, L. M.; Sousa-Aguiar, E. F.; 12  Odriozola, J. A.; Montes, M. Chem. Eng. J. 2011, 167, 536.
Ha, K.-S.; Kwak, G.; Jun, K.-W.; Hwang, J.; Lee, J. Chem. Commun. 2013, 49, 5141.] 


[image: ]Figure 4-4. PETROBRAS Roadmap toward a Modular GTL Plant (from Ref. [16] Fonseca, A.; Bidart, A.; Passarelli, F.; Nunes, G.; Oliveira, R. In World Gas Conference 2012)
[image: ]Figure 4-5. COMPACT GTL Roadmap toward a Modular GTL Plant (from Ref. [13] Hopper, C. Journal of Petroleum Technology 2009, 26.)

The micro-reactor (synthetic gas + F-T synthesis) was developed by CompactGTL, a leading manufacturer of compact GTL technology, and its pilot operation was completed with the application of a 20 BPSD plant with Petrobras in 201113[footnoteRef:11]. Moreover, by adopting micro-channel technology, Velocys is developing a mini GTL plant, reporting that a pilot plant capable of producing 2.5 gallons per day has been developed.14,15 They constructed a 6-BPD plant in Brazil with cooperation from Petrobras, MODEC, and Toyo Engineering, which started its pilot operation in 2012. Given that micro-reaction technology had the advantages of small volumes, high heat transmission and large reactive surfaces and control of the exact reaction time, this technology will enhance the integration of chemical processes, the degree of response selectivity, and the stability.16 [11: 3 Hopper, C. Journal of Petroleum Technology 2009, 26.
14 LeViness, S.; Deshmukh, S.; Richard, L.; Robota, H. Top. Catal. 2013, 1.
15 Atkinson, D. Biofuels, Bioproducts and Biorefining 2010, 4, 12.
16 Fonseca, A.; Bidart, A.; Passarelli, F.; Nunes, G.; Oliveira, R. In World Gas Conference 2012
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[bookmark: _Toc284239151][bookmark: _Toc398217850]Chapter 5 Zero Flaring Zero Venting
1. [bookmark: _Toc284239152]Global GHG scenario
Globally, economic and population growth continue to be most important drivers of increase in CO2 emissions from fossil fuel combustion. The contribution of population growth between 2000 and 2010 remained roughly identical to previous three decades, while the contribution of economic growth has risen sharply. Between 2000 and 2010, both drivers outpaced emission reductions from improvements.
1 As per IPCC, 2014 report (Summary for policy makers), total anthropogenic Green House Gas (GHG) emissions have continued to increase over 1970 to 2010 with larger absolute decadal increases towards the end of this period. Despite a growing number of climate change mitigation policies, annual GHG emissions grew on average by 1.0 gigatonne carbon dioxide equivalent (GtCO2 eq)(2.2%) per year from 2000 to 2010 compared to  0.4 GtCO2eq (1.3%) per year from 1970 to 2000. 
Without additional efforts to reduce GHG emissions beyond those in place today, emissions growth is expected to persist driven by growth in global population and economic activities. Baseline scenarios, those without additional mitigation, result in global mean surface temperature increases in 2100 from 3.7 oC to 4.8 oC compared to pre- industrial levels. The effects of climate change are being felt locally and can be very different from place to place. Local and regional climate changes include more severe storms, heat waves, precipitation, and droughts. These changes can produce impacts such as changes in agricultural yields, increased flooding, and landslides.
An increase in average temperatures will reduce sea ice, cause glaciers to recede, increase sea level, lower lake levels, and decrease snowpack. All of these changes disrupt ecosystems and cause habitats to change which can result in species extinctions, loss of biodiversity, increased disease, and threatened human cultures.
2Action to reduce carbon-dioxide emissions and mitigate climate change has long been viewed as fundamentally opposed to economic growth. Indeed, the fragility of the global economic recovery is often cited as a justification to delay such action. But a recent report, “The New Climate Economy: Better Growth, Better Climate” released by the Global Commission on the Economy and Climate, refutes this reasoning. Far from being a detriment to economic growth, the report concludes that efforts to combat climate change could boost growth considerably – and relatively soon.
------------------------------------------------------------------------------------------------------------------
1- IPCC, 2014: Summary for Policymakers
2- Growth in the New Climate Economy- Michael Spence, a Nobel laureate in economics


[bookmark: _Toc284239153]Global GHG Scenario at Exploration and Production
It is widely acknowledged that flaring and venting of associated gas (also called Solution gas in some countries) contributes significantly to greenhouse gas (GHG) emissions and has negative impacts on the environment. Associated gas is a blend of hydrocarbons that is released when crude oil is brought to the surface. Gas flaring and venting occurs at gas plants, during drilling and testing of oil and gas wells, and from natural gas pipelines during emergencies and equipment failures and maintenance shutdowns.

The World Bank has estimated that the annual volume of associated gas being flared and vented is about 150 billion cubic meters (or 5.3 trillion cubic feet), enough fuel to provide the combined annual natural gas consumption of Germany and France. Flaring in Africa (37 bcm in 2000) could produce 200 Terawatt hours (TWh) of electricity, which is about 50 percent of the current power consumption of the African continent and more than twice the level of power consumption in Sub-Saharan Africa (excluding the Republic of South Africa). Flaring gas has a global impact on climate change by adding about 400 million tons of CO2 in annual emissions.

Fewer than 20 countries account for more than 70 percent of gas flaring and venting. And just four countries together flare about 70 billion cubic meters of associated gas.

[image: ]Figure 5-1. Top 20 flaring countries from satellite data
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	Satellite detection of Gas Flares. Compilation for 2013 (VIIRS Satellite)
Source – Europe and Central Asia Countries , Regional Gas flaring Reduction Conference


Figure 5-2. Satellite detection of gas flares, compilation for 2013

Among many factors the two main non-regulatory factors that affect the economics of associated gas:
· Standards
· Financial incentives

Standards

Gas flaring and venting regulation can be supplemented by national or international standards that often cover aspects not easily achieved by conventional legislation and regulation. Standards can form an important part of reducing gas flaring and venting regulation and are particularly important in the areas of setting improved flaring and venting targets
In line with definition of Sustainability of balancing economic with environment, it is prudent to migrate from present system of measuring and monitoring flaring and venting performance (in mmscfd) from regulatory compliance regime to beyond compliance regime. 
Thus the performance shall now be tracked by using a new metrics of Flaring and Venting Intensity (FVI) i.e. mmscfd of flaring and venting per unit production or carbon intensity i.e. metric tons of CO2e/tons of production etc.
FVI is a measure of loss of opportunity from flaring and venting against revenue generated and is a tool to credit good performers in comparison to earlier regime of ensuring regulatory compliance only.
In addition, International bodies such as World Bank are encouraging and supporting countries to adopt and achieve ZERO continuous Flaring and Venting as a standard by year 2030.


Financial incentives

In many countries, gas development prospects have been hindered by the low valuation placed on natural gas compared with other energy sources, in particular oil and coal. This low valuation was initially reflected in very low natural gas prices either determined by the market or set by governments. In addition, energy sources have often been subsidized (mainly nuclear, hydropower, and coal, resulting in low prices for competing fuels), which has hindered the development of the upstream and downstream gas industry in many developing and industrial countries.

The steady increase of international oil and natural gas prices since the early 1970s changed the perception of the value of natural gas (and hence associated gas) in many oil-producing countries. 
Governments aimed to diversify their energy sources to increase supply security and reduce environmental externalities through increased usage of alternative fuels such as natural gas.

The economic value of associated gas is the main factor that influences an operator’s decision to use or flare and vent. In theory, if the benefits of using associated gas are higher than its costs, operators will refrain from flaring and venting. 

In practice, this is not always the case, as many developing countries focus on producing crude oil, and often consider finding ways to use associated gas a hindrance to crude oil production.

Petroleum fiscal incentives that directly or indirectly affect gas flaring and venting volumes include royalty payments, taxes, government share in Production Sharing Contracts (PSCs), and duties. This is often referred to as total government take.

Governments take their share of the petroleum revenues from the companies for the right to explore and produce oil and gas resources in a country. Different governments have adopted different strategies which includes

· Actively promoting gas production and provided larger fiscal incentives for gas compared with oil production. A preferential treatment of gas production, through lower taxes and royalties compared with oil production, provides a positive incentive to produce gas .This eventually provides opportunities for operators of oil fields to market associated gas.
· Some jurisdictions have applied royalty waivers as a financial instrument to improve the economics of associated gas. Under the program, regulatory changes have been made to provide a royalty waiver on associated gas currently being flared because it is uneconomic to use the gas.
· In some countries, taxes are used as an incentive to reduce gas flaring and venting. They adopted tax regimes that aim to discourage flaring and venting of associated gas. 
· Pilot Auction Facility (PAF) is an innovative climate finance model developed by the World Bank Group to stimulate investment in projects that reduce greenhouse gas emissions while maximizing the impact of public funds and leveraging private sector financing. Its results-based payment mechanism will set a floor price for future carbon credits in the form of a tradable put option, which will be competitively allocated via auction. The PAF is backed by several government donors and has a capitalization target of $100 million. 

Some countries introduced carbon price in project economic evaluation, as a driver for reducing GHG emissions. 2 This practice of carbon pricing has gained attention all over the World as a way to address climate change and about 40 countries and more than 20 cities, states and provinces are using carbon pricing mechanism at present.[image: C:\Rajive_Petronas\SD\State & Trends Report Charts Global Growth of Carbon Pricing_files\cq5dam.resized.735x490!.png]
[bookmark: _Toc284239154]Figure 5.3 Global growth of Carbon pricing3

Encouraged by the rising economic value of associated gas, developing economies are moving ahead and embarking on technological innovations for monetizing gas and achieving the target of ZERO continuous Flaring and Venting.
Gas to Liquid (GTL) and chemicals (GTC) 4 - The large scale conversion of natural gas to liquid fuels (GTL) and chemicals (GTC) – collectively called “miniGTL” has been practiced for decades. For instance, a world scale GTL plant can convert 300 MMscfd of gas into 30,000bpd of diesel or gasoline while a world scale methanol plant produces about 2500tpd of methanol from about 75 MMscfd of gas. Over the last few years, miniGTL technologies have been developed to monetize smaller volumes of gas (less than 25 MMscfd) and thereby offer opportunities to extinguish flares. The engineering of such plants focuses on modular design, simplicity, automation and robustness of operation. 

4 – Associated Gas Monetization via miniGTL, Conversion of flared gas into liquid fuels & chemicals, Update January 2014 by GGFR

Over twenty five odd miniGTL technologies are under development that will be potentially useful for the monetization of flared gas. They are at different levels of commercial readiness, ranging from offering commercial units today to research in the laboratory. Natural gas is the preferred feedstock for the production of methanol, ammonia, diesel, gasoline and other products. Hundreds of large world scale plants are operational around the world. The term “miniGTL” was created to identify technologies that convert gas flares into such products with gas volumes from sub 1 MMscfd to a maximum of 25 MMscfd, with a “sweet spot” at 15 MMscfd. 
In general, miniGTL technologies will be among the more capital intensive AG monetization options. However, the high value of the products and their ready use in local markets will be strong drivers for their application. Most importantly, miniGTL is not just a potential option for the future but is available today for first commercial applications. 
A diversification of product options with more technologies aimed at gasoline production has been observed. Proton Ventures offers for the first time a distributed fertilizer option. 
Major technologies available includes: 
	i. CompactGTL 
ii. Velocys 
iii. Gas Techno LLC 
iv. Verdis Fuels 
v. GRT Fuels 
vi. Synfuels International 
vii. Methion Ltd 
viii. Oberon Fuels 
ix. Carbon Sciences 
x. R3 Science 
xi. General Methanol 
xii. 1st Resource Group 
xiii. Greyrock
	xiv. Infra
xv. EFT
xvi. Gas2
xvii. Marcellus GTL
xviii. TIGAS
xix. Primus GE
xx. TU Freiberg
xxi. Marcellus GTL
xxii. TIGAS
xxiii. Primus GE
xxiv. TU Freiberg
xxv. Proton 



Brief on some of them is as under.



[bookmark: _Toc284239155]Compact GTL 

New on-shore plant designs have been developed incorporating conventional reforming and modular FT technologies. These so-called “hybrid” plants offer lower Capex and the potential to move to larger scale (up to 15,000 bpd).CompactGTL’s demonstration plant in Brazil was approved by Petro bras, and operated stably throughout 2012 with a robust, high level of service. However, a first commercial plant in Brazil has been delayed by Petro bras. It points to numerous confidential feasibility studies for commercial projects around the world, some of which are moving forward to the FEED stage and with FID’s expected by 2015, but to date have not been able to announce one publicly. 

[bookmark: _Toc284239156]Velocys 

Velocys seems to have taken the lead in developing commercial GTL-FT projects, but a few projects by others could change this situation quickly. The radically new Velocys micro channel reactor design is however still considered to pose a somewhat higher technical risk than the more conventional reactors offered by others, including those from CompactGTL. 

[image: ]
Figure 5-4.
[image: ]
Figure 5-5.

[bookmark: _Toc284239157]Oberon Fuels 

The first phase of this first DME plant is operational in Imperial Valley, California, producing 4500 gallons per day (110 bpd) of DME from methanol. The fully integrated plant, including a reformer and a methanol production unit, will be completed by 3Q 2014. 
Future plants will have capacities up to 10,000 gallons of DME per day (about 250 bpd) consuming about 2 MMscfd of natural gas. 
A partnership between Oberon Fuels, Volvo Truck and Safeway was announced to introduce DME as a clean diesel alternative for heavy duty trucks. Two Volvo trucks operated by Safeway will run on Oberon DME and will be deployed in Safeway’s commercial operations during 2014. Commercial scale production of DME powered trucks will commence in 2015. Volvo has two decades of experience with DME fuel and has identified DME as the cleanest, most promising diesel alternative for the future. 

[bookmark: _Toc284239158]Gas Techno 

The pilot plant was installed on a Michigan oil & gas field and successfully demonstrated that the reactor system is capable of converting C1-C6 hydrocarbons from a flare to alcohols and aldehydes.  GasTechno offers low Capex plants for very small gas volumes, not readily addressed by other technologies.
[image: ]
Figure 5-6.
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Figure 5
Summarizing the technologies at, or close to, commerciality today:  miniGTL options to extinguish flares have arrived and are here to stay.
	[image: ]
Figure 5-8.
	
· CompactGTL, Greyrock, Oberon Fuels and Velocys (in alphabetical order) are the leaders in the miniGTL field. Plant sizes offered range from about 1 MMscfd gas feed rate (Oberon Fuels), 1 MMscfd to 10 MMscfd (Greyrock) to plants above 10 MMscfd from CompactGTL and Velocys. 
· Topsoe offers TIGAS for gas feed rates of 10 MMscfd or larger. The new process, without DME intermediate manufacture, makes TIGAS the leader in gas to gasoline technologies.
·  EFT and 1RG- Their technologies are rather conventional FT processes, EFT with a better FT catalyst, 1RG with a more modular design. 
· For very small scale applications, below 1 MMscfd, GasTechno, Proton Ventures and R3Sciences. There are technology risks in all of them with additional product marketability risk in GasTechno. However, the financial risks with these small plants are limited because of their low Capex. Proton Ventures offers distributed ammonia, a product of great value in many rural areas with gas flaring. 

[bookmark: _Toc284239159]Recycling of Associated Gas 
PETRONAS is also exploring the possibility of recycling the Associated Gas so as to sweep the oil and monetize the gas in future as a Sustainable solution for places with variable and low gas demand. Based on reservoir characteristic, the option of reinjection of excess Associated Gas in Gas cap for delaying the monetizing as well as utilization is being explored to the fullest to reduce greenhouse gas emission.
[bookmark: _Toc284239160]Gas Ejectors
Reliable technology of Gas ejectors for recovering Low Pressure waste or surplus gas to prevent GHG emissions whilst simultaneously conserving energy  can be used at  fields with LP gas. Gas ejectors use high-pressure (HP) gas to safely and economically compress flare, vent, and surplus or low-pressure (LP) gas. 
An ejector is based upon Bernoulli’s Principle which states: ‘When the speed of a fluid increases its pressure decreases and vice versa’. A gas ejector has three connection points: one for the high pressure gas; one for the low pressure gas; and one for the discharge. There is a nozzle designed to mix the two incoming streams by converting the pressure energy of the high pressure fluid into kinetic energy. The venturi shape towards the discharge end is the diffuser, which slows the mixture down and thereby increases its pressure. This enables the ejector to discharge at a pressure that is greater than that of the low suction branch. The ejector is thus capable of compressing or boosting the pressure of the entrained fluid.
[image: C:\Rajive_Petronas\New Initiates\Ejectors\Ejectors   IPIECA_files\Ejectors_-_Figure_1.jpg]
Figure 5-9. Illustration of an ejector



[bookmark: _Toc284239161]Multiphase pumps

Multiphase pumps are positive displacement rotary pumps to move fluid using a rotating mechanism that creates a vacuum that captures and draws in the liquid. One example is a core formed by the twin screw pumps. The two engineered rotor sets work with no metal-to-metal contact. They deliver a close to constant capacity against the downstream backpressure. The pressure is not dependent on the speed of the pump and the characteristics of the fluid being transferred. Fluid mixtures of up to 97% gas content, 100% on short term basis, may be pumped without overheating the machine. The necessary liquid is stored in the enlarged housing and partly recirculated to the inlet, assuring an equal distribution of the heat and heat transfer to the ambience.
	[image: ]
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Multiphase Pump Application
Conventional Production
Separation Train


Figure 5-10.


On its current trajectory, the world has only 3-4 decades (or less) before atmospheric CO2 reaches levels that disrupt climate patterns, with catastrophic consequences for the environment and, in turn, economic and social systems. Allowing the world’s “natural capital” – the resources and ecosystems that underpin these systems – to be depleted is essentially another form of destructive underinvestment.

[bookmark: _Toc284239162][bookmark: _Toc284239163]Oil and gas sector is committed to balance environmental footprint across global operations, while working to ensure a reliable supply of hydrocarbons. There is a necessity to understand the links between Environment and Development, in order to make choices for development that will be economically efficient, Socially Equitable and responsible as well as environmentally Sound (Sustainable Development).
Chapter 6 Case Study 1: Gas Production in Western Siberia ern Siberia[footnoteRef:12] [12: Presentation and text at IGU WOC meeting, Kota Kinabalu, 2013 courtesy of Gazprom.] 


[bookmark: _Toc284239164]6.1	Introduction
As gas is predicted to be the fuel of the foreseeable future and as exploration and production move into unconventional geographies, technological advances for Artic and SubArtic Exploration and Production is increasingly being pursued. One case and important fore- runner in the production of hydrocarbons from norther regions is the production of gas from Western Siberia.

[bookmark: _Toc284239165]6.2	Main hydrocarbon basins in Russia
[image: ]
[bookmark: _Toc284259014]Figure 6.1 Three largest hydrocarbon provinces

Russian gas is produced in harsh tundra condition. It has a huge territory and variable geological conditions for oil and gas production. There are seven main oil-bearing basins in Russia and three largest being the the Western Siberia Basin, the Volga-Ural Basin and the Timan-Pechora Basin.

By area and resources, the West Siberian Basin is the largest oil and gas producing province in the Russian Federation in the former of the Federation of Soviet Union. Approximately 70 percent of the oil and 90 percent of the gas produced in Russia originates from the West Siberian Basin.

[bookmark: _Toc284239166]6.3	Yamalo-Nenetsky hydrocarbon province
The Yamalo-Nenetsky autonomous district is an important area for hydrocarbon prospecting. It is a vast area of 750,3 thousand square kilometers with a sparse population of slightly exceeding five hundred and fifteen thousand (515,000) inhabitants, i.e at the population density of  0.7 persons per 1 square kilometer.

Since Yamal produces about 90% of natural gas in Russia (almost a quarter of world production) and about 15% of Russian oil and gas condensate, the area is of enormous importance to the state economy through production exports and taxes. Despite early industrialization, there is still a large opportunity awaiting industrial development. 

One of the global long-term projects is the development of gas resources at the peninsula and Kara Sea offshore where 11 gas fields and 15 oil and gas condensate fields, currently operated by Gazprom, have been discovered here. Potential reserves taking into account offshore gas are estimated at more than 50 billion cubic meters and more than 5 billion tons of liquid hydrocarbons.

[bookmark: _Toc284239167]6.4	Structure of hydrocarbon reserves
The main hydrocarbon reserves and producing zones in Western Siberia are mainly in the Senomanian oil and gas complex with minor contributions from the Neocomian beds. However, potential exploration targets also extends to the Jurassic in addition to the proven Turonian plays.  Although, the Turonian gas plays are shallower than the Cenomanian gas plays (Turonian deposits – some 800 meters deep and the Cenomanian deposits – from 900 to 1,700 meters deep), they are harder to produce due to lower permeabilities, along-strike variabilities, lower gas rate, lower reservoir temperatures due to proximity to permafrost formations and has abnormally higher reservoir pressures.

[bookmark: _Toc398721191][bookmark: _Toc398721293][bookmark: _Toc398736404]


[image: ]
[bookmark: _Toc284259015]Figure 6.2 Known productive stratigraphic horizons

[bookmark: _Toc284239168]6.5	Geographic conditions
This region is characterized by a unique combination of severe climatic conditions, natural resources, an extremely vulnerable environment, and a multi-ethnic population stretching east from the Urals up to the western back of the Yenisei River.

[image: ]Broadly speaking, the landscape is largely flat for most parts, with large winding rivers that flow thousands of kilometers to Artic seas bounded within large swamplands under permafrost conditions. With winter lasting eight months and the temperature dropping to negative forty-fifty degrees (-45°C) below zero, hydrocarbon production and mining activities are a huge challenge requiring modifications to conventional activities and livelihoods. 

[bookmark: _Toc284259016]Figure 6.3 Taiga Biome of Western Siberia

Other than minerals, the area also possess the world’s largest stock of reindeers; some six hundred thousand (600,000) heads. A further one third of white fish world reserves are fished Ob River basin. One tenth of the district’s area – about 8 million hectares – is occupied by a specially protected natural zone. 


[bookmark: _Toc284259017]Figure 6.4 Geographic realities of Western Siberia

People living here – the Khanty and Mansi communities– are herders who roam every two to three days in summer while in winter they would stay put in one place for up to one week each time as reindeers feed on reindeer lichen. This basic staple grows very slowly (3 to 5 millimeters per year) and avoidance of depletion of pasture requires a nomadic lifestyle. For many years aviation has been the only reliable way of communication, but now there are a network of roads and train service.

[bookmark: _Toc284239169]6.6	History of development
The year of 1965 became a milestone in the history of West Siberian oil and gas province development when the Samotlor oil field, the Berezovo group of gas fields and the Zapolyarnoye gas condensate field were discovered in succession. A year later the list of discoveries was added with Urengoy oil and gas condensate field which proved to be the world’s largest gas condensate field then. This was followed by the discovery of the Nadymskoye and Medvezhye gas fields in 1967 and the giant Yamburg gas condensate field in 1969. 
[image: ] 
[bookmark: _Toc284259018]Figure 6.5 Major oil and Gas Fields of Western Siberia

In 1980, the town of Novy Urengoy near the Urengoy gas condensate field was established as a support base for development of other gas fields located in the transpolar districts of Yamal.

This development was quickly followed by the construction of a gas pipeline Urengoy to Uzhgorod with the opening of transcontinental gas pipeline Western Siberia to Western Europe. This one hundred and forty two (142) cm diameter pipeline of twenty thousand (20,000) kilometers is used for the export of Tyumen “blue fuel” to Germany, France, Italy, Holland, Belgium and other countries. 

Today Russia owns two-thirds of the largest gas fields in the world. The majority of these reserves are located in Siberia, with the Yamburg, Urengoy, Medvezhye and Zapolyarnoe fields alone accounting for about 45 % of Russia’s total reserves. 

[bookmark: _Toc284239170]6.7	Oil and Gas Operations
The remoteness and the climatic conditions of the oil and gas field areas pose challenges to the construction of facilities and pipelines, operations and maintenance of production operations. Due to the vast uninhabited areas of taiga and tundra, operations normally begins with the construction of the suitable working and living quarters for the oil and gas workers. A system of shift work and transportation of workers from cities to base camp on a regular shift rotation is required with shifts of several weeks to several months duration. 

[bookmark: _Toc284239171]6.7.1	Construction in permafrost conditions
One of the specific requirements for building in such environmentally sensitive environments is to build on piles for stability of the constructed building through the annual change in ground conditions.   The piles and the foundation are equipped with special temperature protection. As a rule, pipes containing Freon-22 gas serves as heat accumulators and stabilizers that prevent permafrost from thawing. 
Pipeline construction
Access infrastructure creation building


[bookmark: _Toc284259019]Figure 6.6 Development challenges

[bookmark: _Toc284239172]6.7.2	Wells’ design options
Producing wells are normally grouped into several well clusters. These wells are designed according to several specific options in the well program as follows: 
· The use of extra heavy well conductor within known cryolite sections;
· The use of heavy well tubing within known cryolite section and at packer zones for enhancing well reliability;
· The use of complex in-tubing downhole equipment for trouble-free gas lifting, 
· In most cases, producing wells do not expose the gas-water contact, with a gap between bottom hole and lifting pipe of about 15 to 20 m. This design helps secure a long-run water-free production and thus delay necessity of workovers,
· The use of special lightened well cement slurries with alumina-silicate microspheres in conductor and lifting column cementing jobs allows lifting of cement slurry up to the surface,
· Heat insulated pipes are used in well construction and operations,
· Combined monitoring over as many reservoirs reduces the number of monitor wells required.

[bookmark: _Toc284239173]6.7.3	Field Development Environmental Considerations
The Yamal field development provides for the entire set of activities aimed at protecting the environment, preventing and minimizing a potential impact on the ecosystem during construction and operation works. In particular, these activities include:
· Sustained environmental monitoring during field pre-development and operation periods;
· Planning of technological and special-purpose activities mitigating negative impacts on the surface air;
· Utilization of water recycling systems that prevent from polluting surface reservoirs and soils;
· Application of special technologies to reduce thermal and mechanical impacts on frozen ground;
· Elaboration of environmentally-friendly regimes of the area development;
· Utilization of technical solutions enabling to decrease land withdrawal areas with their technical and biological reclamation;
· Prohibition of construction and installation activities during the bird nesting season in spring;
· Water intake through fish protection systems, and
· Arrangement for unobstructed migration of reindeer herds through communication lines.

[bookmark: _Toc284239174]6.7.4	Gas Gathering System
During winter and at the initial stage the wells are operated under hydrate conditions. Then after worming-up the borehole environment the wells begin to work in a hydrate-free thermo-baric conditions. At the same time gas gathering systems consisting manifold-pipelines running from gas well clusters to gas-conditioning units operate under hydrate thermo-baric conditions. To prevent hydrate formation and, as may be required, to remove gas hydrate deposits in gas gathering systems, a centralized supply of concentrated methanol (MeOH) is used. Methanol is supplied from gas-conditioning units to well clusters (for inhibition at manifolds. If required, methanol is fed to a gas-reducing block located before the field gas-conditioning unit. Absorption method is applied for gas conditioning, with DEG being used as absorbent.

From the field’s gas gathering network, gas gets to the comprehensive gas treatment unit (CGTU) that purifies and dehydrates natural gas and then delivers it to the Unified Gas Supply System (UGSS) supplying Europe and domestic Russian customers

Modern Gas Processing Plants (GPPs) such as those at Astrakhan, Orenburg, Sosnogorsk,  Urengoy Condensate Treatment Plant, Surgut Condensate Stabilization Plant usually comprises of a gas and condensate collection and treatment unit, compressor stations, processing facilities (acid components removal, gas stripping and drying, separation of ethane, propane, butane, pentane; production of sulfur, gas condensate stabilization and processing) as well as auxiliary facilities, tank farms, water, steam and power supply systems.
Process operations undertaken include gas separation (identical to in-field gas separation), deep dehydration and extraction of light hydrocarbons by low-temperature condensation and rectification, production of helium and ethane by fractioned condensation during deep refrigeration of gas, absorption of acid components by amine solutions, absorption of mercaptans by zeolites, low temperature oil absorption and condensation.

[bookmark: _Toc284239175]6.7.5	The Unified Gas Supply System
Russia is not only the holder of the biggest gas resources, it is also the biggest exporter in the world, contributing more than 40 % of the overall world’s gas export. 

In addition, gas is transferred to gas compressor units via gas pipelines of gas producers, refinery subsidiaries and underground storage entities, with the total length of four thousand one hundred (4100) km. Three main arteries of the Russian gas transportation system (GTS) transport gas from Western Siberia via the Southern, Central and Northern Transportation Corridors.

Most of Russia’s gas production are transmitted considerable distances to consumption centers in European Russia and export markets in Western and Central Europe. Up to the end of 2012, the total length of trunk pipelines and branch pipes owned by Gazprom and its gas transportation subsidiaries in Russia was one hundred and six hundred and eight three thousand (1,683,000) km. The Gas Transportation System includes two hundred and twenty-

[bookmark: _Toc284259020]Figure 6.7 Gas Gathering System

[image: ]two (222) compressor stations with three thousand seven hundred and thirty eight (3,738) gas compressor units with the total capacity of forty three thousand and eight seven (43.87) MW. 

[bookmark: _Toc284239176]6.8	Application of New Technologies and Advanced Experience
During the development of the region, locally developed new technologies, technological solutions and considerable experience were applied; of which the most significant ones are:
· The utilization of integrated production infrastructure for gas extraction from the Cenomanian - Aptian deposits;
· The application of heat-insulated pipes for wells construction and operation with a view to preventing the permafrost rocks thawing;
· The reduction of the monitoring wells by use of combining functions for development control of different deposits in one well;
· The application high-resistant 1,420 mm pipes of K65 (X80) steel and with smooth interior coating designed for 11.8 MPa (120 Ata) of working pressure, as well as new welding technologies and materials;
· The application of brand new energy saving equipment with an efficiency coefficient equal to 36-40 percent.

[bookmark: _Toc284239177]6.9	Conclusion
For over 30 years of operation in the Arctic, valuable experience has been gained from developing and producing under the harsh environmental conditions of the Yamal fields. It is expected that some of these interventions will be applicable to operations within subarctic climate, specifically, in Alaska and North America.



[bookmark: _Toc398217851][bookmark: _Ref408325719][bookmark: _Toc284239178]Chapter 7 Case Study 2: Shale Gas Production Technologies in North Montney, Canada[footnoteRef:13] [13:  Based on presentation to IGU WOC 1 meeting in Seoul, 2014; courtesy of Petronas] 


[bookmark: _Toc284239179]7.1	Introduction

North Montney lies within the productive Western Canadian Sedimentary Basin in the province of British Columbia and Alberta and represents the closest resource to the west coast of Canada. The acreage includes both conventional and unconventional hydrocarbon zones. The thick and geographically extensive siltstones of the Montney Formation are expected to contain 12,719 billion m³ (449 Tcf) of marketable natural gas, 2,308 million m³ (14,521 million barrels) of marketable NGLs, and 179 million m³ (1,125 million barrels) of marketable oil according to a recent estimate (The National Energy Board, the British Columbia Oil and Gas Commission, the Alberta Energy Regulator, and the British Columbia Ministry of Natural Gas Development, 2013).[bookmark: _Toc398893378][bookmark: _Toc399276408]Figure 7.1 Generalized map showing the location of the Montney Formation in the subsurface of Alberta and British Columbia. 
Figure Has No Number and  Description


Progress Energy is the largest landholder in North Montney with over 50Tcf of resource over contiguous land and is currently producing  XXmmboe. Its 2013 capital expenditure was USD 1.8Bn.





[bookmark: _Toc284239180]7.2	Evolution of Hydrocarbon Exploration and Production
The Montney Formation of Alberta and British Columbia(BC) has been the target of oil and gas exploration since the 1950s, with industry traditionally focusing on the Montney’s conventional sandstone and dolostone reservoirs. These conventional reservoirs are encased in siltstone, which represents a far greater volume of rock within the formation and also contains oil and gas. However, Montney siltstones remained undeveloped until 2005, when advances in horizontal drilling and multi-stage hydraulic fracturing made it possible to economically develop this extensive, unconventional siltstone resource.[bookmark: _Toc398893379][bookmark: _Toc399276409]Figure 7.2 Developments within North Montney and Deep Basins


In late 2008, the first North Montney vertical test was undertaken and swiftly followed up with a horizontal test. This lead to first developments at Town and Farrell (Figure 5.2). By 2012, a cumulative 250 producing horizontal wells in 9 commercial developments carried out by two international joint ventures were progressing. The participation of international oil companies (IOC), both private and state-owned, in Canada's oil sector has risen rapidly. At this time, Petronas acquired Progress Energy who had operations in the North Montney and Deep Basin basins. Subsequent to this, Progress Energy Canada Limited (PECL) formed a partnership with Sasol to further expand its landholdings through the Progress Sasol Montney Partnership (PSMP) through the acquisition of Talisman’s assets. 

PECL has aggressive development plans to deliver 2.0 Bcf/d of natural gas to Pacific NorthWest LNG at Prince Rupert Island by end of 2018. 

[bookmark: _Toc284239181]7.3 Geology of North Montney Basin[footnoteRef:14] [14:  From Energy Briefing Note, 2013] 

The Lower Triassic Montney Formation is aerially extensive, covering approximately 130,000 km² (Figure 5.3). It is also thick, typically ranging from 100 m to 300 m, though thins to zero at its eastern and northeastern edges while increasing to over 300 m on its western side before it begins outcropping in the Rocky Mountains. Most of the formation consists of siltstone containing small amounts of sandstone that originally collected on the bottom of a deep sea, whereas more porous sandstones and shell beds were deposited in shallow water environments to the east. The depth of the formation also increases from northeast to southwest, generally along with increasing reservoir pressures and decreasing natural gas liquid (NGL) and oil content. Thus, reservoir characteristics vary widely across the formation.
[image: Figure A.1. Cross section of the Montney Formation. Note the siltstone at the bottom of the Doig Formation in Alberta that is equivalent to the Upper Montney in British Columbia.]

[bookmark: _Toc284259021]Figure 7.3 Cross section of the Montney Formation


[bookmark: _Toc284239182]7.4	Plans and Targets
PECL have put into place an ambitious two phase programme to arrive at the planned FID in late 2014 for timely supply of production to the Pacific Northwest LNG plant. It is currently undertaking development and production in two phases as follows:

· Appraisal Phase: 2012-2015 to reach target of 15 Tcf Reserves by Q4 2014 FID
· Maximize Reserve Growth
· Operational Ramp up to ~25 Rigs
· Step-out Drilling

· Development Phase: 2015-2018 with target of 2 Bcf/d by Q4 2018 1st LNG Export
· Maximize Production Growth
· Continue Adding Reserves
· Pad Drilling




[bookmark: _Toc284239183]7.5	Drilling Operations
The decline behaviour of shale gas reservoirs call for a certain number of wells to be drilled each year in order to sustain and grow production. Uncertainty in well performance requires sufficient wells to be drilled and “proved up” before moving into full development. Here well placement is the key to unlock the optimum resource from the shale. Each well is a maximum contact well drilled horizontally with several stages of reservoir fracturing to enable flow into the production casing. 
[image: ]

[bookmark: _Toc284259022]Figure 7.4 Horizontal well schematic

The typical cost of drilling for shale gas wells range from USD 6 to 8 million per well. With a track record of drilling over 700 wells over the past 10 years, PECL is poised to deliver the needed number of wells to meet its targeted production. To date, PECL have identified 13,000 drilling locations of which 315 horizontal wells have been drilled in 2014 by operating anywhere between 16 to 25 rigs per calendar quarter.

[bookmark: _Toc284239184]7.6 Fracking operations innovation
A typical fracking operation requires integrated logistical handling of water, sand trucking and fracking fluids and a real-time monitoring of the fracturing operations. A good road/highway access is critical and an area away from dense population is ideal for the size of the operations. [bookmark: _Toc398893382][bookmark: _Toc399276412]Figure 7.5 Developments within North Montney and Deep Basins


A combination of fresh water and produced water is continuously pumped to the C rings at the well site during fracturing. In winter, this water is heated using a specialized natural gas portable system. Flowback water is then pumped back the central site for storage and re-use. The sand used for fracture stimulation is on the order of 1500 tonnes per well.

As a result of its operations in the Deep Basin of Alberta, PECL developed a frac oil recycling system to reduce capital costs. At the same time its practice of stimulating wells using an innovative oil fluid system reduces formation damage and ensure longevity of production. 

[bookmark: _Toc284239185]7.7 Development concepts
A standard modular facility is used to achieve economies of scale. It allows the scaling up of the facility according to demand, reduces the time to installation, avoids oversizing and the subsequent negative impact on the footprint and capital expenditure. Given the nature of the siltstones, it is expected that sand production and erosion can be expected and as such facilities are planned with this eventuality in mind. Heating for continuous uninterrupted operations in winter are also accounted for (Figure 5.5). The typical modularized facility is shown in Figure 5.6.
[bookmark: _Toc284259023]Figure 7.6 Typical modular production process facility

[bookmark: _Toc284239186]7.8	Key Success Factors
PECL benefits from several technical, economic and fiscal advantage. From a technical standpoint, its acreages lie within the thickest part of the basin where the over pressured siltstones yield a liquids-rich gas stream of the order of 8 to 30bbls per mmscf of gas produced giving it a significant revenue lift. This world class resource yields high heat content gas and liquids ranging 1100-1260mmbtu/scf with practically zero content of hydrogen sulphide and minimal carbon dioxide content. It further enjoys a deep drilling credit from the British Columbia government in form of time based royalties. In terms of logistics, the acreage under operations benefits from an existing 3rd party pipeline access and have all season access via the Alaska Highway. Its above ground risks are minimal with few surface stakeholders. 

PECL fosters good community relations with the First Nation communities of Halfway River, Prophet River, West Moberly and Blueberry subscribing to the principles of respect, trust and a commitment to enhance the future and traditional well-being of the Aboriginal people and all other communities impacted by its operations. This is being accomplished by
· Soliciting feedback to improve cultural awareness and understand treaty rights,
· Sharing development plans with First Nations,
· Maintaining an in-depth consultation process in regards to upcoming projects,
· Supporting First Nation Economic Opportunities,
· Building economic, social and business paths for Aboriginal people to find jobs, establish and sustain businesses, and participate in joint ventures.

Some key principles that PECL adheres to operate successfully are as follows:

1. Integrated teams:  for instance, subsurface and fracturing team evaluate fracturing efficiency using micro-seismic to define sweet spots.
2. Close collaboration with frac service providers to continuously uphold the Hydraulic Fracturing Principles of BC; which it lead and actively participated during its development
3. Real time monitoring to ensure quick decisions.
4. Designing and using modular facilities to reduce Capex and facilities installation timing.
5. Using the concept of drilling concepts of multiple drilling pads and the POD production concept to reduce environmental footprint.
6. Recycling water and fracture fluids to reduce completion costs and safeguard the environment.
7. Keeping equipment size workable and standardizing across areas.
8. Keeping equipment reliability up by designing with sand erosion in mind.
9. Incorporating sand filters and wet meters at wellsites.
10. Long term relationships with key service providers.
11. Maintaining a capable, stable and professional workforce with an average 15.6 years experience leading to considerable in-house experience of unconventionals E&P

An innovative production process flow is adopted for production where each production process train serves as a process hub for multiple well pads delivering the raw gas. The raw gas is compressed and dehydrated to produce the field condensates, water and gas. The dehydrated gas is then piped to the gas plant for further separation and processing to meet sales spec and for the production of natural gas liquids (NGLs) containing C3 to C5+ components. A field schematic showing the POD concept is shown in Figure 5.7.
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[bookmark: _Toc284259024]Figure 7.7 Production operations using POD concept
In this way, PECL have successfully constructed and brought online over 20 compressor stations and 3 gas plants.
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[bookmark: _Toc284239187]7.9	Conclusion

In any operations of this size and dealing with the natural variabilities in reservoir quality and uncertainties in production behaviour, the conventional way of organising work around discipline based teams will not work. Other than being the top five driller in British Columbia in the last five years, PECL has also achieved a recognition as a low cost producer with top quartile finding, development and operating costs as well as achieving the Canadian Association of Petroleum Producers (CAPP) Platinum Stewardship Level for its highest level of Environmental, Health and Safety performance. The 700 wells drilled over the last 10 years and the bringing of 70 pods online is a testament to PECL’s project execution capability and bodes well for the future of Canadian Shale Gas production.
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