CHAPTER 2

Reserves, Peak Oil and Medieval Maps

Are we running ont of 0il? Before we can answer
that question, we need to understand what oil and gas
reserves are and how they are measured.

Reserves are very significant numbers. They form the base of a slew of Key
Performance Indicators (KPI) for all types of oil companies. Yet, the lack of a glob-
ally accepted standard makes the measurement and auditing of reserves a thorny
issue*. An integrated understanding of worldwide reserves is also lacking. In this
chapter, we consider reserves measurement systems, global reserves and ‘peak oil’.
One key question interests us: are we navigating through global reserves using a ‘me-

dieval’ and outdated map? If so, is peak oil a physical or psychological shortage?

Invariably, reserves* grab headlines due to their financial significance, measurement
methods or the geo-political dimension. On the one hand, the sustainability of oil
companies depends on reserves and, on the other, oil company profits depend pri-
marily on production**. By breaking down reserves and production data, analysts
can derive KPIs such as net worth, reserves to production ratio, reserves replace-
ment and production quotas and positive cash-flow. Consequently, reserves and pro-

duction are inextricably linked to financial performance.

*Reserves estimation is a sensitive area and the definition of related terms attracts considerable debate from
both inside and outside the industry. For our purposes, we use the term reserves to mean proved reserves.
Reserves classifications are dealt with shortly.

** Other factors include oil price, industry costs, inflation and efficiencies of scale.
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Major, National and Private

Existing irrespective of oil company size or shareholding, the link between reserves
and financial performance is a fundamental one. Majors, public or ‘floated’ compa-
nies, will be judged by analysts on their short-term earnings and long-term prospects.
Private companies will be judged by shareholders on Return on Investment (ROI).
National or state companies are subject to analysis too which we will consider short-
ly. The stock prices of oil companies are heavily influenced by their stock-in-trade—
oil. The oil company itself will use KPIs such as production rates and reserves
replacement to make financial valuations and earnings projections. Financial analysts
ultimately look to these figures and make ‘buy, sell or hold’ recommendations.

Reserves, therefore are a major influence on the stock price of major International
Oil Companies (IOCs). Of course, IOC stock prices will be affected by quarterly
profits and shareholder dividends. The oil price and other contextual factors that af-
fect the attractiveness of the industry as a whole for investment—geopolitics, spec-
ulation and ‘futures’ trading—will also affect stock ratings. Beyond annual profit
concerns, the long-term survivability of the oil company is wholly dependent on the
rate at which production and reserves are increased. Usually this happens in one of
three ways: first, through the ‘drip-feed’ of incremental recovery using mature field
improved technology; second, by boosting reserves through the bit which means
that successful wildcat strikes open new frontiers; and finally, by the acquisition of
another oil company through its stock'.

National Oil Companies

There is a common yet incorrect perception that National Oil Companies (INOC) are
somewhat immune from scrutiny of financial indicators; however, there are at least
two scenarios where NOCs will be judged by analysts. This primarily occurs when
financial experts assess financial risk and assign credit ratings to NOCs and their
countries of origin. In major oil exporters, i.e. exporting more than 2 million barrels
of oil per day (MMbbl/d), the NOC is often the largest business in the country*.
Country risk can therefore be considered a function of the NOC’s performance.
This has a direct bearing on the credit rating of countries. A secondary situation oc-
curs when analysts assess the attractiveness of financial insttuments or debt (bonds),

issued by the oil company or government, based on ROI and risk.

Certain NOCs, such as those within the Organisation of Petroleum Exporting
Countries (OPEC), also depend on reserves in another way. OPEC production

* By most measures i.e. contribution as % GDP, gross revenue, contribution to state revenues or as an employer
or by the contracting of services and the indirect creation of infrastructure
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quotas are allocated as a proportion of total proved reserves. Consequently, coun-

tries with high reserves volumes are given higher thresholds of production®”.

Uncertainty

Measuring reserves is difficult and involves a basic uncertainty because reserves lie
hidden away in deep subterranean reservoirs. It would be physically impossible to
accurately measure oil and gas in place; therefore, the industry relies on extrapo-
lated measurements as accurate measurements can only occur upon production.
Consequently, measuring, corroborating and auditing the measurement of reserves

is an inexact science.

To make matters more complex, there is no single standard or methodology that is
universally accepted by the industry or by the financial community, i.e. regulators/ana-
lysts. Substantive variations exist between institutions and nations. Exemplifying this
are differences between the SPE (Society of Petroleum Engineers) and SEC (Securities
Exchange Commission) criteria for reserves classification, and international variations

between the Russian and Norwegian systems*”.

Before we go into detail, it is fair to note that the lack of a single international or
institutionally recognised set of standards makes reserves measurement somewhat

dependent on the system chosen®.

Missing Barrels
With many oil companies based in the US or floated on US stock markets, the oil
industry has been lobbying US regulators to overhaul the system by which the indus-

;
try’s reserves are measured .

The SEC classifies reserves using conservative and narrow definitions that do not
satisfactorily account for the role of E & P technology in finding and producing re-
serves. This is a problem because not only does the industry have a track record of
technology development, but technology is the stock-in-trade of the service com-
panies and a principal measure by which analysts derive multiplier or share valua-
tions of service companies beyond Earnings Before Income Tax Depreciation and
Amortisation (EBITDA). Peak oil theorists also tend to minimise the value of E & P
technology. We will examine the value of technology in detail shortly in the ‘medi-

eval map’.
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The SEC measurement leads to a substantive variation with internal industry mea-
sures such as the SPE which places more emphasis on technology ‘unlocking’ re-
serves to make them more recoverable. The variation often results in discrepancies

that amount to billions of barrels of oil across the industry®.

Industry analysts have lobbied the SEC to change its reserves accounting so that the
benefits of E & P technology can be better applied. Essentially, this covers a raft
of technologies such as seismic, geosteering and horizontal drilling which enable
higher recovery rates through pinpointing reserves and well placement’. At issue is
the realistic valuation of energy companies themselves, as well as how we calculate
replaced or future reserves. While analysts look to earnings as a short-term perfor-
mance measure, the more long-term measure looks to reserves to production ratios

as the basic indicator of the oil company’s future wealth.

What’s On the Books?
Due to the way financial and technological factors impact on reserves measurement,
it is worth reviewing the types of reserves classifications that ultimately lead to KPI

and valuation.

Getting a Slice of the Pie

It is worth distinguishing between the oil and gas resource and reserves. The ‘global
resource’ is the ‘size of the pie’ or the entirety of the earth’s oil and gas. The slice
of this pie that is recoverable using today’s technology at today’s cost—price struc-
ture is known as ‘global proved reserves’. According to BP’s Statistical Review 2008,
worldwide proved reserves of oil are 1.238 trillion barrels (see Figure 1 opposite) and
those of gas are 6.263 trillion cubic feet (see Figure 2). The US Geological Survey,
however, places the global resource of oil initially in place at 3 trillion barrels. We will
come back to the size of the pie in the context of peak oil; however, for now it is
worth noting that reserves are ranked based on their ultimate probability of produc-
tion. That is to say one day in the future they will be brought to surface and sold*.

Once the resource is discovered, reserves need to be booked. This process involves
mapping out and visualising one or more underground structures (leads or pros-
pects) that may extend over 200 square miles. Reserves must then be classified and

assigned values according to the probability of their production. Finally, the value

* Despite operations being integrated, it is the E & P department of a Major or NOC that operates the reserves
classifications and not refining and marketing which are in fact separate business lines.
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Figure 1 - The Total Size of the Oil Resource is 3.012 Trillion Barrels (EPRasheed)

Figure 2 - The Total Size of the Gas Resource is 15.401 Trillion Cubic Feet (EPRasheed)

of reserves are discounted to today’s worth. For financial and asset planning pur-
poses, the key determinants are the likely size of discovered reserves and their ease

of recovery'’.

The most common classifications are the generic three ‘Ps’” and the more specific ‘P

factor’.
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The Three ‘Ps’

Defined according to a sliding scale of the ‘probability’ or percentage chance of
production, the three ‘Ps’—Proved, Probable and Possible—are illustrated by the
figure below. They indicate the relative ease or difficulty with which the reserves in
question can be produced. It is standard practice for a numerical ‘P factor’ to be as-
signed to represent the specific probability of the reserves being produced. Typically,
‘P’ values for ultimate recovery range from P90 for a very high probability, P50 for
medium probability and P10 for a very low probability. A series of questions related
to location, accessibility and technology need to be answered before ‘P’ values can
be ascertained. Are the reserves located in easily accessible areas or shallow depths?
Are there wells, platforms or pipelines in place? Does the technology exist to reach
the reserves today? If the answer is ‘yes’ to these questions, the probability of pro-
duction is clearly high so these are proved reserves. Where the answer is ‘no’ and
nothing is in place other than outline plans, such reserves are low probability. Most
reserves will fall between these two extremes in that they have varying degrees of

infrastructure in place.

Corresponding to a value, i.e. P 90, P 50 or P 10, the ‘P factor’ simply represents the
percentage chance of reserves being produced. Proved is 90%, Probable is 50% and
Possible is 10%'".

This classification uses a scale based on the development status, the infrastructure in
place and the ease of recovery of oil and gas. Reserves that score lower on develop-
ment status and infrastructure are harder to develop so their percentage chance of

recovery falls; therefore, they are assigned a lower ‘P’ class with a lower ‘P’ value.
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‘Proved reserves’ refer to the estimated quantities of crude oil, natural gas and
Natural Gas Liquids (NGLs) which can be recovered with demonstrable certainty
using geological and engineering data. This applies, for example, to future produc-
tion from known reservoirs under existing economic and operating conditions, i.e.,

oil prices and lifting costs as of the date the estimate is made.

Reservoirs are considered ‘proved’ if economic production is supported by actual
production or conclusive formation tests showing an increase in production. The
area of a reservoir considered proved includes: the portion identified by drilling and
defined by gas-oil and/or oil-water contacts and the immediately adjacent ateas not
yet drilled, but which can be reasonably expected as economically productive based

on the available geological and engineering data'?.

Reserves which can be produced economically through improved recovery tech-
niques (such as water injection to maintain reservoir pressure) are included in the
‘proved’ classification when an increase in production is seen. Estimates of proved
reserves do not include the following: oil that may be produced from known reser-
voirs but is classified separately as ‘indicated additional reserves’; crude oil, natural
gas, and NGLs, the recovery of which is subject to uncertainty as to geological,
reservoir characteristics, or economic factors; crude oil, natural gas, and NGLs that
may occur in undrilled prospects; and, crude oil, natural gas, and NGLs that may be

recovered from unconventional sources such as oil shales.

Further distinctions blur the boundaries between classes; for example, ‘proved de-
veloped reserves’ refers to reserves that can be recovered from existing wells using
existing technology. Additional oil and gas production obtained through the ap-
plication of improved recovery techniques can be included as ‘proved developed
reserves’ only after successful testing. Tests can either be pilot projects or improved

applications that show an actual increase in production.

‘Proved undeveloped reserves’ are reserves that are recoverable from new wells on
undrilled acreage, or from existing wells where further major expenditure is required.
Reserves on undrilled acreage are usually limited to those areas where there is rea-
sonable certainty of production when drilled. Proved reserves for other undrilled
units can only be claimed where it can be demonstrated with certainty that there is

continuity of production from the existing productive formation.
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Russian and Norwegian Reserves Classification

Russian and Western methods of estimation and classification of reserves are some-
what different. The Russian officials have divided oil and gas reserves into six classes:
A, B, C1, C2, D1 and D2. Class A represents proven reserves and B provable reserves.
Class C1 represents reserves estimated by means of drilling and individual tests, and
C2 reserves are based on seismic exploration. Classes D1 and D2 represent hypo-

thetical and speculative reserves'”.

Norway uses its own definitions of reserves, which run from Category 0 — 9'*,

Category 0 is defined as ‘Petroleum resources in deposits that have been produced
and have passed the reserves reference point. It includes quantities from fields in

production as well as from fields that have been permanently closed down’.

Category 9 includes resources in leads and unmapped resources and covers undis-
covered, recoverable petroleum resources attached to leads. It is uncertain whether
the leads, and if so the estimated resources, are actually present. The resource esti-
mates reflect estimated volumes multiplied by the probability of making a discovery.

This probability must be stated”.

Geologic Assessment Procedures

Oil companies often use models to assess geologic structures or oil and gas plays.
A common model defines a play as ‘a set of known or postulated oil and/or gas
accumulations sharing similar geologic, geographic, and temporal properties such

as source rock, migration patterns, timing, trapping mechanisms, and hydrocarbon

types’.

Oil companies use this approach to process exploration knowledge such as seismic
or aerial surveys or wildcats generated by the exploration teams. A fundamental part
of this process is the attributing of probabilities for each petroleum play. Geologists
will also assign subjective probability distributions to characterise attributes of un-

discovered conventional oil and gas accumulations'®.

The geologic risk structure is modelled by assigning a probability to each play. This
probability is based on at least one accumulation meeting the minimum size re-

quirements (50 MMBO in place or 250 BCF gas recoverable). In particular, the oil
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company will assign probability distributions for reservoir attributes such as net

reservoir thickness, area of closure, porosity and trap fill.

Net pay estimates are derived from the data and include the extent and distribution
of the reservoir. These estimates are essentially refined and related to P values, i.c.
P90, and are verified to see whether they are consistent with existing knowledge.
Other factors to be considered will be hydrocarbon recovery factor, porosity and

permeability forecasts and initial production'”.

Peak Oil and Medieval Maps

Since the publication of Hubbert’s Peak in 1950, the theory of ‘peak-oil’” has gained
in importance with a growing chorus of support from within the industry and wider
society. Yet is peak oil really a physical decline in production levels or is it a philo-

sophical debate mired in the minutiae of reserves and production systems?

To answer these questions, we need to adopt a global E & P perspective that inte-
grates prospective E & P areas with technology applications. Equally we need to
recognise the limits of conventional wisdom. Are we navigating with a ‘medieval
map’ of worldwide hydrocarbon reserves—one that does not adequately reflect the

total resource?'®.

Figure 4 - The Americas Do Not Exist According to Medieval Maps
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Optimist or Pessimist?

Two schools of thought exist. Optimists state there is an abundance of oil and gas
and that there is enough for everyone, while pessimists state there is a deficit and we
are doomed. These two positions, and the consequent debate, have generated much
emotion, not to mention a multi-million dollar niche industry. What appears to be
important here is that no-one disagrees that a peak or decline will occur, that is the
natural state of systems. Yet, no-one can agree on when or even why this event will
occur. It is worth considering this debate as it can help us understand the ‘psycho-
logical’ supply shortfall of prospects. This has a knock-on psychological effect on
supply which is compounded by a herd mentality within the oil and gas markets (see
Chapter 12: Paper Barrels for detalil).

The pessimists reason as follows:

1. Rare conditions allow petroleum reserves to be produced.

2. Once production peaks, reserves decline rapidly in output.

3. Most global petroleum reserves have peaked. Further large finds are unlikely.

4. Global production is therefore declining'’.

The optimists argue:
1. Rare conditions allow petroleum resetrves to be produced.
2. Production can be made to plateau, not peak, through technology.

3. Technology finds more reserves, makes smaller reserves more accessible and sus-

tains overall production on a global scale.

4. Global production is therefore sustainable®.

There is also a third, or alternative view, to consider:

1. Rare conditions allow petroleum reserves to be produced.

2. Today’s theories regarding petroleum reserves and recoverability are incomplete.
3. Knowledge increases over time.

4. Many prospective petroleum plays are unexplored.

5. All known sources of petroleum systems have therefore not yet been quantified;

hence, the use of the ‘medieval map’ analogy®'.
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In this alternate scenario, no one can state categorically that peak oil has, or has
not occurred because our current knowledge is incomplete. Just as when we look at
medieval maps and note the Americas are missing, so future generations will look
at today’s map of worldwide reserves as incomplete. Just as when previously wise
petroleum engineers looked at deepwater reserves and shook their heads deeming

them unrecoverable, we see the limits of their wisdom.

Deepwater production has been made routine, almost mundane through ‘game-
changing’ and cost-effective technology. This ranges from pre-drill packages that
incorporate sub-salt imaging to seabed to surface risers to directional drilling tech-

niques that can enable multiple reservoir completions.

In this way, the ultimate recoverability of reserves is tempered by the cost of tech-
nology. If E & P technology can be made available at cost-effective prices, reserves
can be developed. This is because finding and lifting costs ultimately determine
development. If the costs of development outweigh the price of oil, there simply is
not enough profit to develop them.

As noted earlier, the SEC classifies reserves according to very narrow definitions
that do not satisfactorily account for the role of E & P technology in finding and

producing reserves. Peak oil theorists tend to use such classifications too.

Peak oil theorists tend to overlook the industry’s track record of technology devel-
opment. Technology is the stock-in-trade of the service companies and a principal
measure by which analysts derive multiplier or share valuations of service companies
beyond earnings.

This does not imply that petroleum is infinite. It means that even though petro-
leum is a finite and scarce resource, technology can increase production and ultimate
recovery.

Aside from the technology factor, there is the question of the medieval map of
reserves. As our globe-trotting exercise will show shortly, there are still several pe-
troleum provinces waiting to be mapped out.

Given that demand for oil and gas will rise in the long-term, and considering the
track record of the E & P industry to date, further advances in E & P technology
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will permit almost all petroleum reserves, irrespective of location, to be developed
before new energy sources and exits from the Hydrocarbon Highway are created.
Consequently, the limiting factor for reserves will be the cost of development rather

than their shortage.

Worldwide Reserves

Referred to as ‘the low hanging fruit’ that is effortlessly picked, onshore basins are
generally easy-to-access with low finding and lifting costs. Consequently, these re-
serves have been both extensively characterised and produced; however, several
tough-to-reach onshore basins remain unexplored. Exemplifying this is the Amazon
Complex (Brazil, Colombia, Peru and Bolivia), the Arctic Circle (the Alaska National

Wildlife Reserve being part of this territory) and Antarctica**>.

No one has any real knowledge on the potential size of these onshore reserves. The
historic finding and lifting costs in similar areas such as Sakhalin or Alaska , however,
range on average from US $12 to US $18. With production, total costs rise further
due to a lack of infrastructure in remote areas (see Chapter 8: Extreme E & P for
detail®).

Middle East

More prospective areas exist in unexplored basins within the Middle East such as the
Empty Quarter (Rub Al Khali) in Saudi Arabia, the Bushehr province in Southern
Iran and North and South Iraq. Typically, these countries are blessed with prolific
source rock, high permeability and trapping systems found at very shallow depths
starting at approximately 700 m (2,100 ft) and ranging to 2,000 m (6,000 ft). New

KX finds* continue to maintain the Middle East as a dominant long-term reserve base,

~ with common recognition that Saudi Arabia and Iran respectively are the world’s larg-
/igh+ est and second largest holders of oil reserves. Further, finding, lifting and produc-
tion costs are the lowest Worldwfée, averaging between US $1 to US $3 a barrel®*,

Lifting costs can vary, however, by way of comparison. In other relatively low-cost
areas like Malaysia and Oman, lifting costs can range from US $3 to US $12 a barrel
to produce. Production costs in Mexico and Russia might potentially be as low as
US $6 to US $12 per barrel (higher under current production arrangements by local
companies)®.

* Antarctica is the third-smallest continent after Europe and Australia; 98% of it is covered in ice and will not
be developed until 2048. The call for an environmental protocol to the Antarctic Treaty came after scientists
discovered large deposits of natural resources such as coal, natural gas and offshore oil reserves in the early
1980s.
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By reviewing the world’s prospective shallow coastal waters, deltas and oceans, it
becomes clear that our map of global resources is incomplete. In the offshore realm,
there are many unexplored basins with finding, lifting and production costs vary-
ing from US $18 to US $25 per barrel for certain deeper waters. Large tracts off
the coast of West and North Africa are undeveloped. The West African margin has
been extended from the high-profile plays in the shallow waters of the Niger Delta,
Nigeria and the Congo Basin, Angola to deeper waters and to highly prospective
sub-salt plays. Mauritania and Tanzania are other examples where new discoveries

have been made?.

South of Australia in Tasmania, oil companies have been studying gas plays since
2000 which had previously been neglected due to the search for oil. This has led to
indications of oil being found in Africa near Madagascar, which has been identi-
fied as a potential new petroleum province?’. Mauritania and Tanzania are other
examples where new African discoveries have been made. Another area is offshore
Morocco, where the deposition of an ancient river system was found over salt. A
mobile substrate, either salt or shale, is a key element all along the West African mar-

gin because it provides geological factors necessary for oil and gas®®.

Continental Plate Reconstruction

A clear example of continental plate reconstruction and conjugate oil and gas of
plays is offshore West Africa and offshore Brazil. By using reconstructions, it can be
seen that the Rio Muni Basin was the ‘mirror’ basin to the Sergipe-Alagoas Basin in
Brazil, and the Congo Basin to the Campos Basin. By repeating this process along
the coast of West Africa and Brazil, several emerging oil and gas plays can be drawn
up. These include the sub-salt frontiers of offshore Brazil including Tupi. Although
production is not likely to make a major impact on world oil exports over the next

decade, the point is that new frontiers have been discovered®.

In Central America, the offshore area between Venezuela and Trinidad, the Gulf of

Paria, is largely unexplored as are the waters off Colombia and Peru™.

The Gulf of Mexico (GOM) has unexplored waters that stretch from the shallow
waters off Florida, US and move into the tertitorial GOM waters of Cuba, vast areas
of deep waters in the Mexican GOM and the deeper waters of the US GOM. Within
the US GOM, the sub-salt play has been instrumental in new finds.







