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application of the fundamental principles of structural, fluid, and geotechnical mechanics to off-
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’I Offshore Operations and
Structural Development

1.1 INTRODUCTION

The analysis of rounded well-worn pebbles, embedded in specimens of sedimentary rocks, reveals
that the oceans have been in existence for at least 3 billion years. Over the intervening years, the topo-
graphical features of this planet, along with its oceans, have been changing continuously, although
slowly relative to the human life span. Shorelines have distorted, continents have risen, fallen, and
drifted apart, and the mean sea level has changed. The local and global weather systems, as well as
the earth’s ecology, have been greatly influenced and modified by the presence of the oceans.

Let us consider a simple, idealized model of the earth that assumes that it possesses geometric
symmetry. As depicted in Figure 1.1 [1], this idealized earth would consist of three major concentric
layers, viz., the inner core of variable (but generally large)-density solid material, the next layer of
moderate-density liquid, and the outer layer of low-density gas. Gravitational attraction would hold
these three regions together stratifying the substances into a central solid core of very heavy metal
surrounded by successive smooth spherical balls of heavy rock, light rock, water, and finally gas
layers. In reality, the land masses protrude through the surface of the hydrosphere, so that water
covers only about 71% of the total surface area. Furthermore, the water to land ratio in the earth’s
southern hemisphere is considerably larger (4:1) than in the northern hemisphere (3:2).

Oceans constitute the most dominant feature on earth, and have an average depth of 4 km and
a maximum depth, located at Challenger Deep in Marianas Trench, of about 11.0 km. Essentially,
there is but one ocean and all continental land masses are islands. This continuous mass of water
has acted both as a barrier and a corridor through which people and goods have moved with relative
ease, spreading culture as they garnered earth’s remote resources. Today, the ocean is valued for its
ability to provide sources of renewable energy. It can stabilize its temperature helping to sustain life
as we know it today. It is also a major supplier of water vapor that later falls as rain on the continen-
tal “islands.” The great rivers of the earth drain this rain, providing fresh water for human beings,
as well as the easiest and economical roadways into the interior of the continents. Man has built
great cities around harbors into which the rivers empty. Ironically, the ocean, our valuable resource
“silently” receives and quickly disperses, dilutes, and digests our “unwanted” waste, industrial and
sewage effluents, the runoff of waste oil and nutrients from the farmlands of these cities. While man
continues to understand the importance of oceans, generations have come to respect this goliath of
nature. Large waves, produced by its inhospitable temperament, have destroyed even the largest
oceangoing vessels. Even today, men’s attempts to protect their coastlines have been overwhelmed
by the ocean’s fierceness.

During the latter half of the twentieth century, as mankind increased its population and its activi-
ties in an exponential manner, technological exploitation of the oceans had become inevitable. A
number of structures, installed in the ocean, exploit it for the benefit of humans, as shown in Figure
1.2 [2]. Ship types and modes seen in the field of ocean transport include containerization, catama-
rans, hovercraft, and very large crude oil carriers, along with large numbers of boats and barges that
ply the inland rivers. With the development of transport has come increased capability to exploit
more of the oceans resources. Ocean thermal energy conversion (OTEC) programs examine thermal
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FIGURE 1.1 View of earth’s interior. (From H.W. Green II, Solving the paradox of deep earthquakes,
Scientific American, Volume 9, pp. 64-71, 1994. Available at www.seafriends.org.nz/oceano/oceans.html.
With permission.)

attributes of the ocean for producing energy. Ocean sediments are recognized as a major source of
mineral wealth, both hard minerals and petroleum. Offshore oil and gas now supply almost one
third of the world’s energy needs. While manganese nodules have been recovered from the deep
ocean floors of the tropical and subtropical areas, coastal sediments have also been exploited since
they are rich in “industrial minerals” of gold, tin, chromium, platinum, and even sand and gravel.
Offshore hydrocarbons, a much sought after energy resource, are associated primarily with the
continental margins of the world, as shown in Figure 1.3 [3]. These margins surround the continents
and constitute 25% of the total ocean area. Extending from shore to the deep ocean floor, the con-
tinental margin consists of three units—shelf, slope, and rise. Typically, an ocean may be about a
thousand times as wide as it is deep, and a cross section might be similar to that shown in Figure 1.4
[4]. As seen in Figure 1.4, the main regimes, in relation to distance from the land, are the (onshore)
coastal plain, the continental shelf, the continental slope, the continental rise, and the deep ocean
floor. The continental shelf extends out generally to a water depth of 200 m, with an average gentle
slope of 1 in 500. The steeper continental slope extends from 200 m to a depth of 2500 m, some-
times with a steep slope of 1 in 20. The continental rise extends from a depth of 2500 m to a depth
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FIGURE 1.2 Number of opportunities for developing marine structures. (From T. Moan, Marine Structures
for the Future—A Sea of Opportunities, The Inaugural Keppel Lecture, National University of Singapore,
July 18, 2003. With permission.)
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FIGURE 1.3 Continental margins of the world. (From E. K. Albaugh and T. Nutter, Courtesy of Offshore
Magazine, 2005. With permission.)
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FIGURE 1.4 Geological cross section across typical continental margin. (From J.F. Anthoni, Oceanography:
Oceans Continental Drift and the Origins of Oceans. Available at www.seafriends.org.nz/oceano/oceans.
html, 2000. With permission.)

of 4500 m. Sediments generally accumulate on the coastal plains and continental shelves. These
sediments periodically flow down the continental slopes, as turbidity currents, to form giant fans at
their base. Due to their thick sedimentary nature, continental margins contain an estimated 99% of
the oceans’ recoverable hydrocarbons, and the deep ocean sediments only 1%. Furthermore, it has
been provisionally estimated that 65% of these hydrocarbons will be found at water depths less than
200 m, 30% from 200 to 2500 m, and only 5% at greater water depths [5]. This scenario is likely to
change as more of the currently acquired offshore data are consolidated and made available.

A basic property of the oceans, affecting all human activities, is its vastness. Such an “illimit-
able expanse” necessitates the long-distance transport of all materials, structures, equipment, and
personnel. There are no easy geographic reference points, no stable supports for adjoining activity,
or the storage of supplies. This problem of logistics will dominate all considerations of construc-
tion activities and integrate construction with the transport functions upon which it is so heavily
dependent.

1.2 CURRENT STATE OF THE INDUSTRY

From its humble beginnings in the 1940s, the discovery of offshore oil reserves has made rapid
progress during the last sixty years. Offshore oil reserves were estimated at over 78 billion barrels
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by 1970, 155 billion barrels by 1980, 400 billion barrels (discovered), and a yet to be discovered 350
(probable mean) billion barrels by 1996 [6]; this has swelled to 849 billion barrels by 2007 [7-9].
This is in contrast to the onshore oil reserves that were estimated at 555.78 billion barrels by 1970,
658.557 billion barrels by 1980, 1.0075 trillion barrels by 1996, 1.266 trillion barrels by 2004 (prob-
able mean), and a yet to be discovered 724.228 billion of barrels [7, 8]. The identified gas reserves
were 6094.4 trillion ft.3 and a yet to be discovered 5374.6 trillion ft.? (probable mean) by 1991 [7].
Assessment of the total future resource is hampered by our sketchy knowledge of the oceans over
large areas, while in some other contexts the available information is proprietary. In addition to the
above, some specific geological problems must be overcome for a precise assessment in the future,
viz., (i) better methods for gas hydrates prediction and (ii) direct rather than indirect methods to
locate gas traps and hydrocarbon reserves. The overall picture of oil and gas hydrates depletion
around the world is shown in Figure 1.5 [10]. It is plotted in terms of the amount of reserves depleted
per year, starting from the year 1930 to the projected year 2050. The deepwater discoveries, heavy
oil, and natural gas liquids are projected to supplement the heavy depletion of petroleum by indus-
trialized countries. The production rate of oil and natural gas hydrates is expected to start drop-
ping from 2015. The oil reserve to production ratio (in years) for the enormous Saudi Arabian oil
reserves, for instance, was projected to be 84.3 years by 2003 [11]. Alternately, as per the oil reserve
data available in 2001, the world oil reserve was 1.032 trillion of barrels, the annual production was
28.180 billion barrels per year, and the consumption rate was 28.460 billion barrels per year [12].
Projecting from these data, the oil reserves will last only for another 36 years, at the present rate of
consumption. As a consequence, continued exploration and exploitation of oil and gas reserves is
inevitable to meet the market demands and ensure that sufficient oil and gas reserves are discovered
during the coming years [6].

According to a recent oil and gas report on crude oil reserves and production, shown in Figure
1.6, Canada ranks behind Saudi Arabia in the proven oil reserves [13], leaving others, such as Iraq,
Iran, Kuwait, and Venezuela, behind; it must be mentioned here that the Canadian oil reserves
include the oil and gas produced from nonconventional tar sands. The world’s oil supply comes
from a wide variety of sources. While the Middle East was the largest producing region in 2003,
with 29% of total world production, North America accounted for 20%, with the remaining 51% dis-
persed fairly evenly throughout the globe. The Organization of the Petroleum Exporting Countries
(OPEC), consisting of 13 member countries, accounted for about 38% of world total oil production
in 2003 [14].
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FIGURE 1.5 General scenario of depletion rate of world oil and gas reserves. (From Association for
the Study of Peak Oil (ASPO), ASPO News, Newsletter No. 21, September 2002, 9 pp. Available at http://
www.asponews.org/ASPO.newsletter.021.php/, 2001. With permission.)
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FIGURE 1.6 Crude oil reserves and production. (From US EIA, Office of Oil and Gas, 2004. Courtesy of
eia.doe.gov.)

The largest oil producing companies in the world are Saudi Aramco (3100 million barrels per
day), Exxon Mobil, USA (2542), Royal Dutch Shell, UK/Netherlands (2220), Chevron Texaco (1959),
British Petroleum Amoco, UK (1931), Yukos, Russia (1507), Total Fina EIf, France (1454), Lukoil,
Russia (1200), Conoco Phillips, USA (1019), and Surgutneftegas, Russia (884). In contrast, the larg-
est oil reserves owning companies are Saudi Aramco (259,100 million of barrels), Lukoil, Russia
(17,360), Yukos, Russia (17,281), Gazprom, Russia (14,902), Exxon Mobil, USA (12,312), Royal
Dutch Shell, UK/Netherlands (9469), Chevron Texaco, USA (8710), British Petroleum Amoco, UK
(8376), Tyumen, Russia (7300), and Total Fina EIf, France (6961) [12, 14-16].

In terms of largest oil production, the top ten countries are the former Soviet Union (8.60 to
9.04 million of barrels per day), United States (5.17 to 8.1), Saudi Arabia (7.7 to 9.55), Iran (3.7 to
4.14), Mexico (3.33 to 3.6), Norway (2.7 to 3.4), China (3.3 to 3.61), Venezuela (1.98 to 2.8), Canada
(1.28 to 2.8), and United Kingdom (1.65 to 2.6) [14]. The largest ten oil fields in the world are
Gawar, Saudi Arabia (75-83 billion barrels), Burgan, Kuwait (66—72), composite Bolivar Coastal,
Venezuela (30-32), Safaniya-Khafji, Saudi Arabia (30), Rumaila, Iraq (20), Tengiz, Kazakhstan
(15-26), Ahwaz, Iran (17), Kirkuk, Iraq (16), Marun (16), and Gachsaran, Iran (15). In compari-
son, the reserves of two of the largest oilfields discovered in the western subcontinent are Marlim,
Campos Basin, Brazil (10-14 billion barrels), and Prudhoe Bay, Alaska, USA (9.9). Of the proven
gas reserves of 4980 trillion ft.* of gas, Russia has the largest reserves of natural gas (1748 trillion
ft.3 of gas), and is followed by the United States (1475), Iran (742), Qatar (245), Abu Dhabi (188), and
Saudi Arabia (185). Of the top ten largest natural gas fields of the world, eight are located in Russia,
the largest of them being Urengoy in West Siberia, Russia (>275 trillion ft.? of gas) [14].

According to recent statistics, offshore oil exploration and exploitation has been carried out in
7105 fields spread over 120 countries. Drilling and producing operations use 14,531 offshore plat-
forms (fixed, gravity, and floating) and 8218 subsea units throughout the world. There are 29,319
offshore pipelines that transport offshore oil and gas to onshore facilities [17]. A recent survey car-
ried out during 2001 states that there are more than 105 gravity-based offshore structures all over
the world [18]. A number of floating platforms [over 217 during 1995-2004], containing storage and
offloading provisions, were recently installed for deepwater exploitation. Another 184 deepwater
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and 27 ultra-deepwater fields (water depths ranging from 1000 to 5000 ft.) have been slated for
development during 2004-2008, which will also use similar floating systems [19]. There are 1040
single point moorings, located all over the world in offshore locations, which assist in the offloading
of oil and gas to oil carriers. Besides these offshore facilities, there are 559 onshore oil terminals
servicing the offshore industry [17]. As is evident from this survey, the offshore industry is continu-
ously called upon to innovate and develop structural systems that will meet the ever-changing needs
and demands of the offshore fields.

Following the installation, during 1988, of the world’s tallest conventional fixed platform
Bullwinkle at a water depth of 1350 ft. (411 m), Shell Exploration and Production Company (SEPCo)
has proved itself to be a world leader in moving into deep water [20]. In 1993, they installed, Auger,
a tension leg platform (TLP) in the Garden Banks block 426, at a water depth of 2860 ft. (872 m).
They followed this with the Ursa TLP in Mississippi Canyon Block 809 at a water depth of 3800 ft.
(1158 m). In another innovative development, SEPCo tied its deepwater subsea developments at
Mensa field, at a water depth of 5300 ft. (1615 m), to a shallow water steel platform, West Delta 143,
located in a water depth of 370 ft. (113 m), using a 68-mi.-long (95 km) tieback with 12” (0.305-m
diameter) flow lines. During 2004, it installed the sixth subsea completion to produce natural gas
from its Coulomb field development, in the Mississippi Canyon 474, at a record water depth of
7570 ft. (2307 m). This subsea completion was part of a development containing six fields (Kepler,
Ariel, East Anstey, Herschel, Fourier, and Coulomb) at Na Kika oil and gas fields. This subsea
completion was also tied to a floating production storage and offloading (FPSO) system located at
a water depth of 6300 ft. (1920 m). In contrast, the deepest FPSO installation in the Campos Basin,
Brazil, is that of South Marlim 3B, located at a water depth of 5607 ft. (1709 m). In 2004, Gulf Terra
Energy partners announced that they had installed the Marco Polo Tension Leg Platform in the Gulf
of Mexico (in Green Canyon block 608) at a water depth of 4300 ft. (1463 m).

During 1996, Kerr-McGee Oil and Gas Corporation had installed the world’s first production
spar, Neptune, in the Mississippi Canyon block 826 at a water depth of 1851 ft. (564 m). BP later
installed an innovative truss spar design, named Horn Mountain, at Mississippi Canyon Block 127,
at a water depth of 5400 ft. (1646 m). Recently, during 2003, another truss Spar, named Devil’s
Tower, was installed in the Mississippi Canyon block 773 at a still deeper water depth of 5610 ft.
(1710 m). According to recent projections, these truss Spar designs are suitable even to a water depth
of 10,000 ft. (3048 m) [21]. The world’s deepest drilling and production platform using a deep draft
caisson vessel, a variant Spar design, was installed during 2000 by Exxon-Mobil and BP team, at the
Hoover and Diana fields, at a water depth of 4800 ft. (1463 m). The first compliant guyed tower plat-
form, Exxon’s Lena, supported by 20 guy wires, was installed at a water depth of 1018 ft. (310 m).
This was followed by the third generation compliant tower platform Baldpate, located at Garden
Bank’s Block 260 in the Gulf of Mexico, at a water depth of 1650 ft. (503 m), and, BP’s Petronius at
a water depth of 1754 ft. (535 m). By 2003, Marathon and Total Fina Elf had set the record for the
deepest production well at a water depth of 7210 ft. (2198 m) and linked it by pipeline to a natural
gas field development at Canyon Express. Recently, the deepest oil well was spudded in 10,011 ft.
of water (3052 m) at Alaminos Canyon Block 951, by Transocean drill ship Discover Deep Seas.

1.3 COMMERCIAL PROJECTIONS FOR THE OFFSHORE INDUSTRY

According to current commercial projections, the exploration and exploitation of the large offshore/
onshore reserves of oil and gas will be influenced by a number of factors. Some of these factors for
oil/gas developing companies are (i) the potential for undiscovered significant oil reserves that will
support, for many years, their downstream operations such as transporting, refining, and marketing
of petroleum and its derivatives; and (ii) the financial exposure and risk as they encounter the politi-
cal uncertainty of countries where oil reserves are being discovered. In general, the development of
offshore hydrocarbon reserves is spurred by the anticipated demand for energy around the world.
As the world population grows, the search and exploitation of energy is complicated by the wide
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variation that exists between national economies in terms of wealth, technological capability, politi-
cal goals, and economic philosophies [22]. The expected costs of exploration and field development
need to be known, with the amount of investment required and the targeted rate of return, so that
sound financial decisions can be made by the developing company. In order to assess these, detailed
information on factors such as the terms and length of contract to be made with the country owning
the reserve, size of the reserves, depth of water, and operating environment need to be known before-
hand. Tables 1.1 and 1.2 specify costs to consider for onshore and offshore energy development
around the world [22-24]. Figure 1.7 gives a flowchart overview of the economic factors that need to
be taken into account when developing an offshore field [25]. The overall economic analysis requires
the knowledge of resources from the discovered field, price of oil, recovery of invested capital, field
development requirements, available technology for field development, selection of platform concept
to be used, capital requirement, and the evaluation of the viability of financial investment.

The financing of hydrocarbon development may fall into either the public or the private sector.
The public sector will involve domestic funds supplied by government allocation from the national
budget or foreign funds supplied as aid or loan funds to develop natural resources. The motivation

TABLE 1.1
Some Representative Offshore Cost Figures (Modified)
1. Exploration a. Seismic $300 to $500
per km (processed) $20,000
per day (Arctic)
b. Drilling i. Jack-up rigs: $30 to 40 million (or $33,000 per day)
ii. Semi-submersible drilling rig: $60 to 80 million (or
$55,000 per day)

iii. Well drilling: $100,000 per well in shallow waters
* $20 million for 4000 m deep well in 1500 m
water depth
* $40 million per well in Beaufort Sea

[

v. Ice platform: $500,000 per one unit
v. Drilling fleet in Beaufort Sea: $240 million
2. Production a. Platforms i. Few thousand dollars for a tripod
ii. $1.0 billion in North Sea waters
iii. $4 to 8 million in Gulf of Mexico
. $110 to 200 million in Bering Sea (Gravity

[
<

Platform)
b. Per BOPD of new i. $2000 to 3000 in shallow Louisiana waters
production ii. $20,000+ in deep Louisiana waters

iii. $6000 to 14,000 in North Sea
v. $40,000 to 50,000 for synthetic fuels, oil shale
¢. Automation For example: $21.0 million for Zakum Field, with
centralized production control (300 wells, 90
platforms, 4 separator platforms, power generation,
etc.)
3. Transportation Pipelines (only indicative) i. $600,000 per km of 30" pipeline in North Sea
ii. $150,000 to 300,000 per km in Gulf of Mexico

Sources: M. Forrer, The future of offshore petroleum development, in: The Future of Offshore Petroleum, McGraw-Hill (in
cooperation with the United Nations), New York, pp. 3-26, 1981. Measuring Worth: Purchasing Power of Money
in the United States from 1774 to 2007, From Current Value of Old Money. Available at www.projects.ex.ac.uk/
RDavies/arian/current/howmuch.html.

Note: Prices given in 1980 dollars (US$1.00 in 1980 = US$2.51 in 2007).
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TABLE 1.2

Cost of Energy Development (Modified)

1. Exploration

2. Development (outside

OPEC)

3. Related
infrastructures:
refineries

4. Enhanced recovery
5. Oil shale—tar sands

a. Onshore

Geological and geophysical
surveys

3 wells to 3000 m
Overhead, miscellaneous,
and contingencies

#(1.0 unit ~ $1.5 to 2.0 million)
b. Offshore

Geophysical surveys

3 wells to 3000 m
Overhead, miscellaneous,
and contingencies

*(1.0 unit ~ $1.5 to 2.0 million)

Onshore

Offshore

Heavy oil

. Distillation capacity: million

tons per year (barrels per
day)

b. Investment cost per daily

barrel

. Unit investment cost per ton
per year of distillation
capacity

. Operating costs per barrel of
throughput

Representative costs (good
conditions)
2-3 units
4-5 units
1.5-2 units
Total = 7.5-10 units

Representative costs (good
conditions)
1-2 units
9-12 units
3-5 units
Total = 13-19 units

$8000 to 10,000 per daily
barrel of production
$15,000 to 20,000 per
daily barrel of production
$15,000 to 25,000 per
daily barrel of production
Typical DC refinery
1
(20,000)
$4450

$89

$4.5

$15,000 per daily barrel
$30,000 per daily barrel

Representative costs
(bad conditions)
6-10 units
10-15 units
4.5-6 units
Total = 20.5-31 units

Representative costs
(bad conditions)
2-3 units
20-30 units
5-10 units
Total = 27-43 units

- do.-
~do.-

- do.-
World-scale refinery
6
(120,000)

$2100

$42

$2.1

Sources: W.E. Pelley, 1981, Economic and financial issues of offshore petroleum development, in: The Future of Offshore
Petroleum, McGraw-Hill (in cooperation with the United Nations), New York, pp. 179-198. Measuring Worth:
Purchasing Power of Money in the United States from 1774 to 2007, From Current Value of Old Money. Available
at www.projects.ex.ac.uk/RDavies/arian/current/howmuch.html.

Note: Prices given in 1980 dollars (US$1.00 in 1980 ~ US$2.51 in 2007).

for this type of financing is usually political or diplomatic, and the profits to be derived may not
be intended to be purely economic. Frequently, domestic and foreign funds are joined at the gov-
ernment level in a joint venture effort, basing it on the contribution of technology from one side,
geologic prospects from the other, mutual agreement concerning profit sharing, and a preferential
market for the foreign investor. In any case, the financial risks assumed rest on the host country’s
credit rating. Private sector financing is normally associated with the activities of privately owned
companies, such as the major oil corporations or government-owned oil companies mandated to
function as private companies. In any of the above three situations, the amount of money required
for exploration is provided by one or both the parties, as an equity risk. Only after the commercial
production of oil is proven will the banking industry join the effort. After determining the political
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FIGURE 1.7 Flowchart of the economic factors for offshore field development. (From Short Course on
Design of Fixed Offshore Structures. Courtesy of University of Texas, Austin, 1979. With permission.)

risk involved in the financing effort, and the sanctity of contract executed between the borrower
and the host government and its long-term viability, the banking industry will determine whether
investment in the project is economically attractive or not. The banks must also be satisfied with the
managerial ability of the operator in the field and that enough of the operator’s money is invested
as equity to assure his continued interest in handling the project efficiently. Generally, banks would
like to see 20% to 50% of the total cost carried by the equity investors.

If the banks find the political risk and the management expertise of the operator acceptable, then
they will evaluate the reserves and its economic potential. The economic potential of the reserves
depends on the timing of development, the rate at which reserves will be produced, assurances of
timely completion of the project, and the review of the market to which the product will be supplied.
The production rate needs to be modified based on the cash flow available for debt servicing. The
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basic judgment, of the bank, on the loan request from the operator is decided based on the present
worth of future incomes; it is usually no less than twice the size of the loan request and may be
greater in some cases [22].

According to the recent projections of Rowley [17] shown in Figure 1.8a, the total investment
in the world on offshore structures (consisting of platforms, subsea completions and pipelines) will
grow steadily from $29.3 billion dollars during 1999-2003 to $52.7 billion during 2004-2008. In
Figure 1.8a, Rowley [17] also predicts the growth and development in different types of offshore
platforms from 1984 to 2014. He states that there will be a reduction in the amount invested on
offshore structures from 2005 (as shown in Figure 1.8a) onward due to (i) more subsea completions

(a) Platforms
99-03 $12.4 billion

6000 04-08 $20.8 billion

s Platforms

5000 Subsea Subsea

2000 === Pipelines 99-03 $7.7 billion
a% 3000 04-08 $17.7 billion
2000 Pipelines
1000 99-03 $9.2 billion
o , , - , o . 04-08 $15.0 billion
1999 2000 2001 2002 2003 2004 2005 2006 2007 2008
Actual year of spend
These sectors = 95% of key sector expenditure
(b) Crude oil production (Mbbl/d)
OPEC countries
35,000 $70
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g
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[+
fia)
= 20,000 V $30
2
E /‘“"fl\’l $20
15,000 s ] e
)_" L "™ Price —» $10
10,000

e R R . 5O
73 75 77 79 81 83 85 87 89 91 93 95 97 99 01 03 05 07
74 76 78 80 82 84 86 88 90 92 94 96 98 00 02 04 06

January 1973 — May 2007

—— Oil production =~ —— Oil price

FIGURE 1.8 (a) Possible offshore structures investment. (From W. Rowley, 2004, “Deepwater, Key Sectors,”
Paper presented at the Deepwater International Conference, London, February, 12 pp, http://www.infield.
com.) (b) Pictorial view of the world oil price fluctuations, 1970-2007. (From James L. Williams. Courtesy of
WTRG Economics Newsletter. London, AR, 2007. With permission.)
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with tiebacks to earlier-installed structures; (ii) lower unit costs through generic design and con-
struction; and (iii) more conversions of existing structures for newer installations. Figure 1.8b [26]
gives a pictorial view of the world oil price fluctuations, starting from the year 1970 to the year
2003.

Table 1.2 shows that the exploration technology costs are relatively minor compared with the
exploitation costs. As per 1980 prices, a 3000-km seismic line survey costs around $1.5 million,
depending on the drilling water depth. In seismic surveys, detailed geophysical examination of the
seafloor is done using the seismic reflection method (with air gun, sparker, boomer or chirp sys-
tems) and survey ships, as shown in Figure 1.9 [27]. Seismic surveying is accomplished by towing
or mounting, to the exploration vessel, a sound source that emits acoustic energy at timed intervals.
The acoustic energy transmitted through the water is reflected from the seabed soil layer boundaries
with different acoustic impedances. The reflected acoustic signal is received by a hydrophone (or
an array of hydrophones) located in the floating vessel or by a tuned transducer array that is towed
behind the exploration vessel. The receiver converts the reflected signal to an analog signal that is
digitized and logged with a high-speed computer.

An exploration well costs from half a million dollars in shallow waters to $20 million for a
4000-m-deep drilling in 1500-m-deep water. Costs increase when production is predicted, depend-
ing on the number of development wells required, equipment incorporated (such as separators,
tanks, living quarters, etc.) and whether it is in deep waters or not. Sometimes the platform cost
alone can reach $1.0 billion or more. Pipeline costs are site-specific, costing from $150,000 to
$300,000 (per 1-km-long, 16-in.-diameter pipeline) in the Gulf of Mexico to around $1.0 million or
higher in the North Sea. Over 56% of the costs are associated with the production of the offshore oil
and gas, while 44% of the costs are spent on infrastructures needed for transport [23]. Costs triple
when going from 30 to 300 m deep and drilling costs can go up 3 to 10 times between wells on land
and offshore. Much of the drilling cost is in the riser, which for a well in 1500-m-deep water can
cost from $7 to 10 million.

Other costs associated with drilling are the costs associated with the type of drilling rig used in
the 1500 m water depths; a deep water floating rig can cost more than $100,000 per day to operate
and the well may easily take more than 100 days to drill. Other special costs associated with deep
water and hostile climates are (i) construction of artificial islands for drilling in ice-infested waters
of the Arctic; (ii) ice-strengthened drill ships for drilling in Arctic waters; (iii) artificially strength-
ened natural ice covers for drilling in the Arctic north; (iv) special floating disconnecting systems
for structures in iceberg alley, off the coasts of Newfoundland and Labrador; and (v) other items

Acoustic

source Hydrophone array

i i

orizorF 17 i,

FIGURE 1.9 Offshore seismic reflection method for conducting geophysical surveys. (From Woods Hole
Science Center Seismic Profiling Systems, franklinccd.org/Welcome to the USGS-U.S. Geological Survey.
html, 2007. With permission.)
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FIGURE 1.10 Relative costs associated with the various offshore structural concepts. (With kind permission
from Springer Science+Business Media: Conceptual Design and Hydromechanics, Offshore structures, Vol.
I, 1992, p. 135, G. Clauss, E. Lehmann, and C. Ostergaard.)

mentioned earlier. Availability, costs, and development of new technologies to go in deep water and
hostile offshore areas will greatly influence the future policies for offshore petroleum development.

The weight of a fixed steel/gravity platform increases exponentially as water depth increases,
and this results in increased costs associated with offshore production. Hence, the costs associated
with the structure selected for field exploitation need to be minimized. The relative costs associated
with the various offshore concepts have been compared in Figure 1.10 [28]. It is seen that TLPs,
compliant structures, semi-submersibles, FPSOs, etc., are more economical than fixed steel or grav-
ity concrete platforms.

Two problems have been worked out below to illustrate the computation of preliminary costs
and turnovers associated with the installation of any offshore platform at a specified site. Tables 1.1
and 1.2, developed during the 1980s, have been utilized for computing the preliminary costs of the
specified offshore structure. Since the costs given in the tables are based on the pricing available
in the 1980s, a multiplying constant has been evaluated regarding the worth of 1980 dollars dur-
ing 2008; this computation is based on the best engineering judgment that could be exercised by
the authors from the available published research papers. Hence, the computations given are only
approximate values and should not be taken as the correct prices and turnovers.

Example 1.1

A low-production shallow-water oilfield has been recently discovered in the North Sea at a depth
of 2000.0 m below the mean sea level; the depth of water at site was 100.0 m. The total recover-
able reserves of crude oil were estimated to be 75.0 million barrels, and the average maximum
output from the field was determined as 9000.0 barrels per day. (a) Outline the possible scenarios
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for the exploitation of oil from the field. Also, estimate the life of the field. The distance of the
field from the onshore tanker terminal (point of delivery) is 300.0 km. (b) Determine the required
preliminary capital outlay for the field development. (c) Assuming the cost of one barrel of oil at
the point of delivery to be US$40.0, compute the total turnover from the field.

(@) Possible scenarios:
(i)  Fixed platform with tanker transport and (ii) fixed platform with pipeline transport.

Life of the field — (75,000,000)/[(9000)*(365)] = 22.83 ~ 23.0 years.

(b) Required capital outlay
Assume bad weather conditions to prevail during the exploration period. Using Table
1.2,
(i)  Fixed platform with tanker transport:
Exploration costs (maximum) = (43.0)(2.0) = US$86.0 million.
Development costs (at $20,000.0 per day) = (9000.0)(20,000.0)/(1,000,000) = $180.0
million.

Transportation costs: From Table 1.1, take the charges per day, for the use of a 50,000
metric ton tanker to be $50,000.0; also take 1.0 metric ton of crude oil to be equivalent
to 7.33 barrels.

Volume of oil in one tanker = (50,000)(7.33)/(1,000,000) = 0.3665 million barrels

Number of passages of the tanker = (75.0)/(0.3665) = 204.63 trips ~ 205.0 trips

Time of travel from the field to the point of delivery (at 15.0 knots) = (300.0)/
[(15.0)*%(1.852)] = 10.8 hours

(1.0 knots = 1.825 kmph)

Assuming 10 days for each trip back and forth, the total number of working days for
the ship = (205)(10) = 2050.0 days
Tanker charges = (2050.0)(50,000)/(1,000,000) = $102.5 million
Total capital required in 1980 = 86.0 + 180.0 + 102.5 = US$368.5 million
Total capital required in 2007 = (368.5)(2.51) = US$924.94 million
(US$1.00 in 1980 = US$2.51 in 2007; see Table 1.1)

(The above amount does not include the charges for borrowing money from banks.)
(i)  Fixed platform with pipelines transport:
Exploration costs remain the same as before = US$86.0 million.
Development costs remain the same as before = $180.00 million.
Using Table 1.1, transportation cost for 300.0 km is = (300.0)(0.6) = $180.0 million.
Total capital required in 1980 = 86.0 + 180.0 + 180.5 = US$446.0 million.
Total capital required in 2007 = (446.0)(2.51) = US$1119.46 million.
(c) Total turnover from the field:
At $40.00 per barrel, total turnover from the field = (40.0)(75,000,000.0)/(1,000,000)
= $3000.0 million

Example 1.2

A shallow-water high-production oilfield was discovered in the North Sea at a depth of 3000.0 m
below the mean sea level; the water depth at the site was 100.0 m. The total recoverable reserves
at the site were estimated to be 900.0 million barrels of crude oil. The average maximum output
from the field is expected to be 150,000 barrels of oil per day. (a) Outline the possible scenarios
for the possible exploitation for the field. Also estimate the life of the field. The distance of the
onshore tanker terminal (point of delivery) is 300.0 km from the field. (b) Determine the capital
outlay required for each of the proposed scenarios. (c) Assuming the cost of one barrel of oil at the
point of delivery to be US$40.0, compute the total turnover from the field. (d) Assuming the same
requirements as in cases (a), (b), and (c), determine the capital outlay and the total turnover from
the field if the field is located in the Arctic zone, viz., Beaufort Sea.
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(@) Possible scenarios:

(i)

Fixed platform with tanker transport; (ii) fixed platform with pipeline transport; (iii) grav-
ity platform with tanker transport; and (iv) gravity platform with pipeline transport.

Life of the field = (900,000,000)/[(150,000)(365)] = 16.44 years ~ 16.5 years

(b) Required capital outlay:
Assume bad weather conditions to prevail during the exploration period. Using Table 1.2,

(i)

(i)

(iii)

(iv)

Fixed platform with tanker transport:

Exploration costs are the same as before = US$86.0 million.

Development (or production) costs = (20,000.0)(150,000)/(1,000,000) = $3000.00
million.

Transportation costs: from Table 1.1, take the charges per day, for the use of a 50,000
metric ton tanker, to be $50,000.0.

Number of passages for the tanker = (900,000,000)/[(50,000)(7.33) = 3001.4 ~ 3000 trips

Since the tanker point of delivery is the same (10 days per to and fro trip), number of

Tanker days required for depleting the whole field = (3000)(10) = 30,000 days

Tanker charges = (30,000)(50,000.0)/1,000,000.0) = $1500.0 million

Total capital required in 1980 = 86.0 + 3000.0 + 1500.0 = US$4586.0 million

Total capital required in 2007 = (4.586.0)(2.51) = US$11,510.86 million
(The above amount does not include the charges for borrowing money from the
banks)

Fixed platform with pipeline transport:

Exploration costs are the same as before = $86.0 million
Development costs are the same, being = $3000.0 million

Transportation costs: Using Table 1.2, charges are US$600,000.0 for 30-in.-diameter
pipes. Considering the same diameter pipes,

Flow in one pipe per day at a flow velocity of 0.20 m/s = [(/4)(30/39.37)%(0.20)(60)(60)
(24) = 7880.35 m* = (7880.35)(6.29) = 49,567.38 barrels per day.

(1 m? of oil = 6.29 barrels)

Use four parallel pipelines to carry the average maximum flow of 150,000 barrels per
day output.

Cost of the pipelines = (4)(300.0)(600,000.0)/(1,000,000) = $720.0 million.

(No maintenance or replacement costs are included).

Total capital required in 1980 = 86.0 + 3000.0 + 720.0 = US$3806.0 million

Total capital required in 2007 = (3806.0)(2.51) = US$9553.06 million

Gravity platform with tanker transport:

Exploration costs are the same = US$86.0 million.

Using Table 1.1, development cost will include platform costs and development costs.

Platform costs = US$1000.00 million.

BOPD costs = (14,000.0)(150,000)/1,000,000) = $2100.00 million

Transportation costs will remain the same as in section (i) = $1500.00 million

Total capital required in 1980 = 86.0 + 1000.0 + 2100.0 + 1500.00 = US$4686.0
million

Total capital required in 2007 = (4686.0)(2.51) = US$11,761.86 million

Gravity platform with pipeline transport:

Exploration, platform, and BOPD costs will remain the same as in section (iii).

Pipeline costs will be the same as section (ii) = $720.0 million

Total capital required in 1980 = 86.0 + 1000.00 + 2100.00 + 720.0 = US$3906.0 million

Total capital required in 2007 = (3906.0)(2.51) = US$9804.00 million
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(c) Total turnover from the field:

At $40.00 per barrel, total turnover from the field = (40.0)(900,000,000)/(1,000,000) =
US$36,000.00 million

(d) Fixed platform with pipeline transport in Beaufort Sea:
Using Table 1.1, exploration costs will include seismic survey costs and drilling fleet costs.
Exploration costs for four months = (120)(20,000.0)/(1,000,000) = US$2.4 million
Drilling fleet costs = US$240.0 million
Development (or Production) costs include the platform costs, BOPD, and automation
costs.

Platform costs = $200.0 million

BOPD costs (using Louisiana costs) = (20,000.0 + 5000.0)(150,000)/(1,000,000) =
$3750.00 million

Automation costs = $21.0 million

Transportation costs will be the same as in section (i) = $720.0 million

Total capital required in 1980 = 2.4 + 240.0 + 200.0 + 3750.0 + 21.0 + 720.0 =
US$4933.4 million

Total capital required in 2007 = (4933.4)(2.51) = US$12,382.83 million

1.4 STRUCTURAL CONCEPT EVALUATION AND INNOVATIVE DEVELOPMENTS

The overriding need for technology is pervasive in all oil and gas developments, especially offshore.
Technology underlies every aspect of offshore operations, from the geological assessment through
exploration, drilling, production, transportation, and even to environmental aspects. The availabil-
ity of requisite technology deeply affects the economics as well as many policy issues of offshore
oil and gas development.

The water depths at which exploration drilling has been carried out is an indicator of future
requirements for oil production. Production platforms should be capable of carrying large amounts
of development drilling and oil processing equipment. The process equipment has to separate water,
gas, and sand from crude oil and keep the crude oil ready for transportation by providing storage
space and a transportation pumping station. At the same time, the hydrocarbon depletion proce-
dures may require gas lift (which involves the use of gas to assist in raising the oil if the reservoir
pressure is insufficient) and water injection procedures to increase the reservoir pressure and the
extraction of greater amounts of oil. Also, directional drilling may be required to deplete a larger
plan area of the oil and gas reservoir. The world’s longest horizontal drilling record was set by BP
during 2000, when it spudded a horizontal well at a total depth of 7836 m, made up of a true vertical
depth of 3003 m (9854 ft.) a directional offset of 6722 m (22,056 ft.). Seafloor penetration by drill
string, for scientific research, has been achieved (during 1989) in water depths over 10,000 m and
for oil and gas exploration at 7620 m below the sea surface. The deepest producing natural gas well
was drilled to a depth of 6668 m in 1991, in the Gulf of Mexico. Recently (2003), oil wells have been
spudded in water depths of more than 3051 m [16, 29] and the earlier prediction of 4000 m water
depths for drilling may become feasible in the near future [23].

Production in shallow and intermediate depths of water (<300 m) offshore used the same methods
as onshore, viz., the drilled wells flowed naturally, or were pumped/gas-lifted using the same meth-
ods and hardware used onshore, using pressure maintenance and secondary recovery. For deeper
waters, the economics of using the same procedures has become limited and doubtful. Tiebacks,
hubs, automation of the entire production process (control, accounting, testing, shut-down, etc.)
including blow-out preventers, early warning provisions, production valves, firefighting equipment,
etc., and subsea storage are required to facilitate deep sea operations. Gas and oil offshore pipelines
of large diameters (up to and larger than 36 in. in diameter and 450 km long) have been laid down.
Production is either transported onshore through pipelines or loaded onto tankers offshore, through
a variety of single-point mooring and loading buoys. Progress has been made in environmental
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technology from the design of safety features on drilling and production platforms to the develop-
ment of repair or remedial technology and control of blowouts or pipeline breaks.

Pipelines carry 50% of all oil and 100% of all gas produced offshore, and, as mentioned earlier,
they are quite expensive. Deep water pipeline laying faces formidable obstacles for design, materi-
als, laying, and operations. Large reserves are needed to pay for long and large diameter lines. It is
stated that 55 billion m? of oil will be needed make pipeline laying economical and feasible, along
the Eastern Coast of Canada; for economical gas transport, through pipelines, it has been stated
that 550—825 billion m? of gas reserves are required. Besides the pipelines, ships (tankers) carry a
large amount of petroleum and petroleum products. Very large tankers of 550,000 deadweight ton-
nage or DWT (includes weight of cargo and fuel and excluding the self-weight of ship) carry oil,
in conjunction with liquefied natural gas carriers, and transport oil and gas from offshore fields.
Offshore facilities known as single point moorings are used for loading and unloading of oil and
gas offshore. The buoys are anchored or fixed to the seafloor, and the tanker receives or discharges
its cargo moored to the buoy; the buoys are supplied with oil and gas by pipelines (called flow lines)
from the subsea oil and gas fields.

Extraction of oil/gas from a virgin field is undertaken in typically four stages: exploration and
appraisal; development; production; and abandonment. This is an oversimplification since within
each phase there are a number of technical, commercial, and operational considerations. These are

(i) Exploration and Appraisal: Using the seismic data gathered, a subsurface picture of the
reservoir is obtained. Based on earlier geological knowledge and experience, a more
detailed depiction of the reservoir is generated. Since seismic data cannot give any specific
details about the nature of the fluids present in the reservoir, exploratory wells need to be
drilled to determine the nature, size, and type of the oil/gas field. Questions concerning the
nature of additional seismic data required [3D or 4D (including time) seismic data], ability
of such studies to remove uncertainties concerning the field characteristics, sharing of risk
between partners based on the inherent uncertainty of the field, and how many exploration
wells are required to remove the uncertainties present in the earlier seismic data need to be
finalized to make the proper financial decisions.

(i) Development: Once sufficient data have been obtained (from seismic or exploratory wells)
to make an educated judgment on the size of the field, one enters into the development
phase. Here one has to decide upon the most commercially viable way for exploiting the
resource by engineering the number (and type) of producing wells, process facilities,
and transportation. One must also establish whether any pressure supports from below is
needed to produce the wells. Valid development options include (a) number and order of
wells to be drilled, type of wells (deviated or horizontal or vertical), (b) number of plat-
forms and drilling rigs required, number of wells in which future work-over is required,
(c) number of well injectors and their location, (d) size of the processing facility on top
of the platform, (e) sharing of processing methodology with adjacent fields (waiting to be
developed), (f) pipeline or other mode of transporting the resources, and the like.

(iii) Production: Depending on the size of the reserve (and how prolific the wells are) the engi-
neer must manage this resource as carefully as any other valuable asset. Reservoir man-
agement has become increasingly important over the past decade. Older, less technically
advanced, production methods were inefficient, often leaving 75% or more of the oil in
the ground. Increasing the efficiency of the production from the reservoirs has become
crucial to any engineering effort. The required production options include “unswept” areas
and additional wells required, “farming-out” of assets to other companies for economical
operations, required additional seismic data, converting the existing productions wells into
injection wells to improve the overall field performance, possibility of extending the life of
the field, reentering, and performing operations to improve the well performance and the
like.
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(iv) Decommissioning (or Abandonment): Once reserves have been depleted, the infrastruc-
ture can either be left to decay or, increasingly, it must be dismantled in an environmentally
and economically efficient manner. The following options need to be considered: cost of
ultimate abandonment, need to include or phase out this cost during the initial project
phase or otherwise, contingency plan for changing legislation, threshold of abandoning the
field, and the like.

Adequate planning and concept evaluation should be carried out before the actual design is
started in order to obtain a workable and economical offshore platform that will perform the speci-
fied functions. The initial planning and evaluation should include all the criteria and factors that will
influence the design, construction, installation, and maintenance of the platform to obtain a work-
able and economical offshore platform, fulfilling all its required function. Figure 1.11 [25] gives a
flowchart for the offshore platform development.

Platform
concept
evaluation
Low High
production production
rates rates
| | [
Shallow Deep Shallow Deep
water water water water
| | |
|
Concept
selection
Concept
development
| Design | Materials Fabrication Installation | Operation |
and and and
equipment construction start-up
i |
Drilling :
| R s h
Plant | Lon(jlg—term
Development production
expenses
expenses I _exRelrlsef -
|
|
————— o
Capital
requirements

FIGURE 1.11

Platform concept evaluation flowchart for offshore field development. (From Course Notes

on General Design of Fixed Offshore Structures, University of Texas, Austin, TX, p. 3.1. Also Course Notes
EOC 6431, 2001, Offshore Structures: Framed Platforms, Florida Atlantic University, Florida, 100 pp., 1979.

With permission.)
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The evaluation should take into consideration the following factors for an efficient and economi-
cal project and capital requirements, viz., (i) low or high production rate of oil/gas from the field,
in shallow or deep waters; (ii) selection of platform types; (iii) operational and environmental con-
siderations; (iv) design features, material, equipment, fabrication and construction, installation and
start-up, operation (drilling, development, long-term production, and maintenance), and (v) platform
reuse/dismantling costs. These are illustrated for a fixed platform in Figures 1.12 to 1.15 [25].

Much of the offshore technology was originally developed for on land operations. When oil and
gas developments went offshore, additional technology was created. This technology was needed
for sonar/seismic measurements (oil/gas reserves identification/estimation and for water depth mea-
surements), underwater cameras and robots (for remote operation/control), sea bottom samplers,
accurate navigation systems including inertial guidance, vertical/inclined/horizontal drilling tech-
nology, dual gradient drilling, extended reach drilling from shore for low volume coastal fields,
extended use of subsea satellites, hub installations, minimization of topside facilities, reduction of
offshore manning, extended use of temporary/mobile drilling rigs, and the like.

Since seismic surveys cannot produce results that will lead to the production phase, exploration
drilling is needed. This requires offshore structures to assess and delineate the extent and quantity
of oil and gas reserves in the field. These structures include submersible platforms, jack-ups, and
floating moored or dynamically positioned drill ships, as shown in Figure 1.16 [30].

Drilling from a floating vessel is unique since the blow-out preventers (BOPs) are placed on the
seafloor and operated remotely by a hydraulic control system. The drill riser is a pipe that extends
from the BOP stack to the vessel. It serves to guide the drill bit into the well and to conduct the drill-
ing fluid from the well back to the vessel. The riser system also includes connectors, flexible joints,
and a telescoping section to accommodate the heaving motions of the vessel. Specially designed
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FIGURE 1.12 Production rate comparison for a low water low production oil field. (From Short Course on
Design of Fixed Offshore Structures. Courtesy of University of Texas, Austin, 1979. With permission.)
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FIGURE 1.13 Production rate comparison for a deepwater, high production oil field. (From Short Course on
Design of Fixed Offshore Structures. Courtesy of University of Texas, Austin, 1979. With permission.)

tensioners are mounted on the vessel to support the top of the riser and prevent its collapse. For
drilling in water depths beyond 600 m, the offshore industry has developed dynamically positioned
vessels, similar to that shown in Figure 1.17 [31]. These vessels do not employ mooring lines but
maintain their position in the ocean relative to a fixed acoustic beacon on the seafloor [5, 31].

Once a commercially attractive hydrocarbon field has been discovered and delineated, it
becomes essential to fabricate and install the required offshore structure and the necessary equip-
ment. This process will require equipment to drill and complete the producing wells, process the
oil and gas onboard, and transport the processed product to markets. On the continental shelves,
the most widely used platform structure is the pile-founded steel template shown in Figure 1.18
[32]. Table 1.3 gives the number of fixed platforms installed and removed in the federally controlled
continental shelves of the United States from 1942 to 1999 [33].

The technology associated with the design and installation of these structures has been refined over
the past 60 years, with better methods for predicting the environmental loads and structure’s resistance.
The jacket structure is fabricated in a coastal fabrication yard as a single or multiple-connected structure,
loaded onto barges, towed to the site of installation, launched into water and upended onto the exact loca-
tion by using controlled flooding. Simultaneously, the deck and deck facilities are fabricated onshore,
along with the drilling rig, processing equipment, utilities, and modular living quarters. The decks and
modules are transported by barges to the platform location, lifted by a crane barge onto the platform and
placed on the platform. The modules are then interconnected with the main template structure and the
deck to provide an integrated platform from which the wells are drilled, completed, and produced. For
efficient hydrocarbon production, the producing wells must penetrate the reservoir at regularly spaced
intervals over its horizontal extent. This is done offshore by deviated drill wells, as shown in Figure 1.19
[34]. Drilling deviated wells are quite costly, and the costs increase with the angle of deviation from
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FIGURE 1.14 Yearly cash flow position for a shallow water, low production oil field. (From Short Course on
Design of Fixed Offshore Structures. Courtesy of University of Texas, Austin, 1979. With permission.)

vertical. Typical costs of drilling and completing 18 wells in the Gulf of Mexico, to a vertical depth of
2100 m, is about US$50 million [23]. When distribution avenues exist near the platform location, the
most common method of transportation is the subsea pipeline. The pipelines are laid on the seafloor by
specially designed barges called lay barges. When no such nearby distribution avenues are available, oil
can be loaded directly on to the tanker by using an offshore loading terminal, shown in Figure 1.20 [5].
In this case, a short pipeline, called flow line, connects the platform to the loading terminal; the loading
terminal also serves as a mooring for the tanker.
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FIGURE 1.15 Yearly cash flow position for a deepwater, high production oil field. (From Short Course on

Design of Fixed Offshore Structures. Courtesy of University of Texas, Austin, 1979. With permission.)

The gravity structure, shown in Figure 1.21 [35], is constructed of concrete, and is fabricated
complete with decks and topside facilities. The completed structure is towed to the installation site,
ballasted with seawater and set on the exact location marked on the seafloor. Instead of piling, it is
held in place by its own weight, which can range from 200,000 to 500,000 t. This compares with a
weight of 19,000 t for a steel template platform in the North Sea.
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FIGURE 1.16 Types of mobile drilling platforms used for offshore exploration. (From The United Kingdom

Offshore Oil and Gas Industry Association, Facts, Figures and Explanation: Drilling for Oil. Available at
www.oilandgas.org.uk/education/students/drilling.cfm, 2008. With permission.)
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For water depths beyond 300 m, several new concepts have been developed [5]. They are compli-
ant guyed towers, tension leg platforms (TLP), compliant towers and spars. Figure 1.22 [36] shows
the Exxon Lena compliant guyed tower, installed at a water depth of 310.0 m. It is similar to the pile-
founded steel template platform as it uses a conventional tubular steel frame and has the wellheads
on the platform, above the sea level. Unlike the steel template platform, it retains a constant cross
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TABLE 1.3
Installation and Removal of Production Platforms on the
Federal Outer Continental Shelf

Gulf of Mexico Pacific
Year Installed Removed Installed Removed
1942-1960 459 0 0 0
1961 108 0 0 0
1962 123 0 0 0
1963 89 0 0 0
1964 127 0 0 0
1965 129 0 0 0
1966 118 0 0 0
1967 133 0 1 0
1968 109 0 3 0
1969 112 0 1 0
1970 117 0 0 0
1971 102 0 0 0
1972 132 0 0 0
1973 95 1 0 0
1974 56 5 0 0
1975 102 36 0 0
1976 115 30 1 0
1977 114 17 1 0
1978 166 26 0 0
1979 162 35 2 0
1980 175 36 3 0
1981 168 24 3 0
1982 195 15 0 0
1983 179 38 1 0
1984 226 53 1 0
1985 212 55 3 0
1986 115 34 1 0
1987 116 23 1 0
1988 169 99 0 0
1989 197 94 2 0
1990 177 108 0 0
1991 156 117 0 0
1992 92 105 0 0
1993 126 171 0 0
1994 179 124 0 1
1995 138 117 0 0
1996 159 121 0 0
1997 155 176 0 0
1998 142 75 0 0
1999 - - 0 0
Totals 5744 1735 24 1

Source: OCS Pacific Region Study MMS 2001-2006. Courtesy of USDIA,
MMS.
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FIGURE 1.19 Deviated wells drilled from an offshore platform. (G. Renard and E. Delamaide, Complex
Well Architecture IOR and Heavy Oils, Vol. Production, Proc. of the 15th World Petroleum Congress. 1998.
Copyright Wiley-VCH Verlag GmbH & Co. KGaA. Reproduced with permission.)
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FIGURE 1.20 Single anchor leg mooring offshore loading terminal. (From G.A. Lock, Technological fac-
tors in offshore hydrocarbon exploration, in The Future of Offshore Petroleum, McGraw-Hill (in cooperation
with the United Nations), New York, pp. 87-146, 1981. With permission.)

section with depth, thus greatly reducing the amount of steel required for the structure. Transverse
loads on the structure, exerted by normal winds, waves, and currents are resisted by an array of guy
lines extending to anchor piles driven into the seafloor. Clump weights, shown in Figure 1.22, are
attached to these guy lines to permit the tower to sway lightly or “comply” with extreme waves. This
compliance greatly reduces the peak tensions exerted on the guy lines.
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Drilling and Production Equipment, Encyclopedia of Life Support Systems (EOLSS), EOLSS Publishers,
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The tension leg platform (TLP) Brutus, shown in Figure 1.23 [37], was installed by Shell at a
water depth of 910.0 m, and consists of a large, buoyant, semi-submersible-type platform held in
place by vertical mooring tethers. The platform is submerged deeper than its floating draft, thereby
maintaining the tension on the vertical tethers. It is designed so that even in the troughs of extreme
waves, these tethers or “legs” will remain in tension. The TLP is compliant and moves with the
waves. The mooring tethers are equipped with special flexible joints at top and bottom to accom-
modate this movement.

Other recent developments, such as compliant piled towers and spars, for deepwater are shown in
Figures 1.24 [38] and 1.25 [39]. Figure 1.24 shows the tallest Compliant Tower Platform Petronius,
located at Viosca Knoll, block 786, approximately 208.0 km southeast of New Orleans. It is installed
at a water depth of 535.0 and is 640.0 m high (from mud-line to tip of flare boom). The compliant
tower is a statically stable structure, with a greater degree of lateral deformation (up to 2.5%) com-
pared with land-based structures (usually 0.5% or less). Actually, the Petronius tower is able to oper-
ate within a 25-ft. sway envelope at the surface (1.4%), which is facilitated by the 12 deep piles (3 at
each corner) extending over 450 ft. into the seabed. Figure 1.25 shows two typical designs used in
the fabrication of spar platform structures. The figure on the left is similar to the Chevron-Texaco’s
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FIGURE 1.22 The Exxon Lena compliant guyed tower concept. (From Report by Brown and Root
Development, Inc., State-of-the-Art Report on Guyed Towers Platforms, NBS GCR 83-443, National Bureau
of Standards, Gaithersburg, MD, September 1983. Available at www.mms.gov/tarprojects/052.htm.)

Genesis Spar platform structure, located 210.0 km south of New Orleans, across the three Green
Canyon blocks 160, 161, and 205, where the water depth varies from 760.0 to 900.0 m. The Genesis
production facility is moored in 793.0 m of water. The figure on the right is similar to the Dominion’s
Devil’s Tower located at a water depth of 1710.0 m. Recently, Spar platform structures have been
proposed for water depths varying from 500.0 to 2500.0 m.

In waters deeper than 600 m, the costs and technical difficulties associated with above water
wellheads grow in magnitude. For these deeper waters, a subsea production system may prove
more economical. In the subsea system, the wellheads and associated equipment are mounted on a
seafloor template or frame instead of on a platform. Wells are drilled and completed through this
template, using a floating drilling vessel. Subsea systems can be placed in one or two categories,
viz., wet and dry. In a dry system, all the basic components are enclosed in a dry, one-atmosphere
chamber; manned intervention is envisaged for maintenance and some installation requirements. In
the more commonly used wet subsea system, shown in Figure 1.26 [5], all the basic components are
open to the influences of the ocean environment. For this type of system, higher-reliability compo-
nents are used to minimize component malfunctions. The seafloor equipment is modularized so that
maintenance is reduced for the most part to replacement of components. Producing operations can
be controlled remotely from a nearby surface facility. Submerged production system technology has
advanced nicely with several deepwater system configurations.

The subsea production system shown in Figure 1.27, located in the BP’s King Field in the Gulf of
Mexico (90.0 km offshore) [40], consists of a subsea template system to produce the reservoir, flow
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FIGURE 1.23 Tension leg platform BRUTUS. (From Brutus, Gulf of Mexico. Available at www.offshore-
technology.com/projects/brutus/, 2004. With permission.)

FIGURE 1.24 Petronius compliant piled tower platform. (From Petronius Compliant Tower. Courtesy of
offshore-technology.com. With permission.)
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lines, a deepwater offshore terminal (to offload oil and gas), and a floating processing and storage
vessel. It represents a breakthrough in the world of multiphase subsea pumping, where “the pumps
and associated equipment” are pumping the wellhead fluids to the host platform, which is 27 km
away. The subsea wells tagged as D3, D5, and D6, located in water depths 1525-1655 m, carry well
fluids through flow lines to the Marlin platform located 27.0 km away where oil, gas, and water from
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FIGURE 1.26

Wet subsea production system, with wellhead components exposed to water. (From Dinamica

de Plataformas de Agua Profunda, 2001. Courtesy of iingen.unam.mx. With permission.)
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FIGURE 1.27 BP’s Marlin platform located in the King Subsea Field in the Gulf of Mexico. (From T. Knott,
Subsea king, Frontiers, April 2008, pp. 34-38. Available at www.bp.com/sectiongenericarticle.do?categoryld
=9023215&contentld=7043112, 2008. With permission.)

FIGURE 1.28 Subsea wellhead system located below the seabed in “Glory Holes” to prevent gouging of
the equipment by the keel of free-drifting icebergs in Grand Banks. (From Project Update, Boskalis covers
itself in glory in Terra Nova Field, Dredging News Online, 3 pp. Available at www.sandandgravel.com/news/
article.asp?v1=8050, 1999. With permission.)

King, and other fields are separated and processed before export [41]. Another interesting develop-
ment is found in the shallow-water FPSO system used in the ice-floe and iceberg-infested Terra
Nova Field (at 90.0-100.0 m water depth), located 350.0 km away from the coasts of Newfoundland
and Labrador in Canada. The subsea production wellhead is buried in an 11.5-m-deep pit (termed as
“glory holes”) located on the seabed, as shown in Figure 1.28 [42]. This prevents the keel of icebergs
from gouging the seabed and subsequently damaging the subsea production equipment.

1.5 LEGAL JURISDICTION

Questions regarding (i) the extent of the coastal and offshore areas that can be used for explo-
ration by oil companies; (ii) the possibility of a country or state not permitting a ship carrying
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dangerous cargo, such as toxic waste or radioactive matter, within certain distance from its coasts;
(iii) superpowers deploying submarine listening devices near the shores of the other superpowers;
and (iv) conducting genuine scientific research along the coasts of another country, have been dealt
with under the international law of the sea [43, 44]. Offshore activities are regulated by a com-
bination of the international law of the sea and the national law. The international law of the sea
sets a general framework, leaving the matters of detail to be regulated by the national laws. This
process creates rules and regulations that can widely vary from one country/state to the other. In
relation to oil and gas exploitation, the international law of the sea prescribes the area within which
any country/state can regulate such activities and authorizes it to permit drilling platforms to be
placed. Such structures should not cause excessive interference with other users of the sea. However,
national laws govern matters of detail, such as safety standards for the platform operation, tax levied
on the oil companies, etc.

Although there is no centralized legislature in international law, a number of international
organizations play a vital part in law making. Of the United Nation’s specialized agencies, the
International Maritime Organization (IMO) plays a vital role in formulating conventions and regu-
lations of navigation for shipping lanes and pollution from ships. It also plays a quasi-legislative
role in applying these conventions and legislations to situations encountered in the high seas. The
other UN bodies, which are particularly involved in marine affairs, are the Food and Agriculture
Organization (FAO) and the United Nations Educational Scientific and Cultural Organization
(UNESCO). FAO reviews the state of the world’s fisheries and when necessary establishes regional
fisheries bodies to advice on fisheries management. It also provides assistance to many under
developed countries to develop their own fishing industries. UNESCO promotes and coordinates
marine scientific research.

Legally, the sea is divided up into various zones: territorial, contiguous, exclusive economic
zones, and high seas zones. The nearer a zone is to land, the greater the rights of the adjacent coun-
try/state to exploit the resources of the zone and regulate activities in the zone. Other countries/
states have fewer rights in this zone. Correspondingly, the farther from land the zone is located,
the fewer the rights of the coastal country/state and greater are the rights of other countries/states.
Beyond these zones, which are subject to the varying jurisdictions of the coastal country/state, are
the high seas, which are in principle open to equal use by all the countries/states of the world. Figure
1.29 [45] shows the various zones limited by the international law of the sea.

The widths of the different maritime zones are given in terms of nautical miles, measured
from the baseline. Normally, the baseline is the low-water line along the stretch of coast; but
there are many exceptions to this rule. Some of them are (i) coasts dotted with island chains,
where a state may draw straight baselines, connecting the outermost points of the coast and/or
islands; and (ii) mouth of bays, when less than 24 nautical miles, can be connected by straight
lines. Terms such as internal waters, territorial sea, archipelagic waters, contiguous zone, conti-
nental shelf, exclusive economic zone, high seas, and international seabed area have particular
meanings in the context of the international law of the sea and need to be properly understood for
proper use of the lands adjacent to the country/state. Figure 1.29 also shows, in nautical miles,
the region of applicability of various zonal limits. In the case of international seabed area, wher-
ever applicable, if the continental shelf extends beyond 200 nautical miles, the area is under the
control of the national laws.

Lying on the deep seabed, mainly beyond the geological continental shelf, are large quantities of
manganese nodules, consisting of manganese, iron, nickel, copper, and cobalt. As per the authoriza-
tion of the International Seabed Authority (ISA), formed under the auspices of the UN Conference
on Law of the Sea, mining could take place only under the authorization of the ISA. Oil companies
that would like to exploit these nodules and other ocean ores should be authorized by the ISA and
comply with its rules. Similarly, there are rules for shipping (nationality, safety, and traffic manage-
ment), pollution, fishing, and military uses in the high seas.
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FIGURE 1.29 Maritime zones. (From Wikipedia, The Free Encyclopedia. Exclusive Economic Zone,
Available at en.wikipedia.org/wiki/Exclusive_Economic_Zone, 2008.)

1.6 HISTORY OF OFFSHORE STRUCTURAL DEVELOPMENT

The origin of oil is legendary. Ancient Greeks and Chinese writers record the use of petroleum
products for light. At least 5000 years ago, Sumerians, Assyrians, and Babylonians wrote about
using a sticky petroleum product in paints, as mortar for setting stones, as cement in mosaic tile
work, as waterproofing for baskets, mats, and boats, and in road building [46]. Legend says that
Alexander the Great gathered oil from seeps near the south end of the Caspian Sea in 4th century
BC. Oil wells were drilled in China by 347 AD, up to a depth of 800 ft., using bits attached to bam-
boo poles. Marco Polo described seeing the mining of large seeps of oil near Baku, Azerbaijan, in
the thirteenth century. Oil seeps were collected in the Carpathian Mountains of Poland during the
1500s and used to light street lamps [47, 48]. According to a recent state-of-the-art review of the oil
and gas industry in the United States, the sighting of oil on land was recorded in Texas during 1543
by Luis de Marcoso, a survivor of the Desoto expedition [49]. Subsequently, during 1667, a land oil
strike was reported at Lagan, Lancashire, UK, from naturally seeping oil. Oil sands were mined and
the oil extracted at Alsace, France, during 1735.

The first recorded oil well on land, using the present mode of drilling, was drilled by a Russian
engineer in Azerbaijan in 1848, 11 years before Colonel Drake’s well in Northwestern Pennsylvania
(1859). The first oil well in North America was drilled in Ontario, Canada, in 1858. In 1859 the
Rathbone Brothers Company produced 200 barrels of oil per day in West Virginia. This oil well
produced a peak amount of 16 million barrels of oil in 1900 [50]. The discovery and production of
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oil in the United States occurred sporadically during the second half of the nineteenth century. The
first economically significant discovery of oil in Texas was made in 1894 in Navarro County near
Corsicana. The field produced a peak amount of 839,000 barrels of oil during 1900.

Exploration for offshore oil started in 1887 from a wooden wharf, in a few feet of water, off the
coast of California. The first offshore oil well was drilled at Summerland field in Santa Barbara,
California, in 1896. The oil wells were drilled from piers extending from shore, sometimes stretch-
ing nearly 1230 ft. into the ocean. A series of additional oil discoveries offshore resulted in the
installation of offshore piers at Rincon, Ellwood, and Capitan, in Santa Barbara, California, by
1920. The year 1932 saw the erection of the first offshore steel oil platform in the world at Santa
Barbara Channel, Southern California. The platform was located at a depth of 38 ft. The platform
was in during 1940 by large waves that battered the platform during a storm [51, 52]. Much earlier,
in 1910, an offshore oil well was drilled at Ferry Lake, Louisiana. This was followed by the devel-
opment of the offshore Creole Field in the Gulf of Mexico in 1930, off the coast of Louisiana, at
a water depth of 4.7 m. Offshore wells were also drilled in Lake Maraca Ibo, Venezuela, in 1929.

The first on-the ocean offshore platform was constructed by Humble Oil Company in 1947 in
the Gulf of Mexico, at a water depth of 60 ft. (18 m). In 1956 Shell Oil Company installed a shallow
water platform at a water depth of 100 ft. (30.5 m) off Grand Isle, Louisiana. The Persian Gulf and
North Sea experienced oil finds and subsequent platform developments during the 1960s. Explosive
offshore developments took place during 1970s, and a large number of offshore platforms were
installed in greater water depths.

Figure 1.30 [53] gives a pictorial history of offshore structural developments that have occurred
during recent times. Exxon installed the Hondo platform in 1978 at a water depth of 850 ft. (259.1 m)
near Santa Barbara, off the California coast. Shell Oil Company placed their Cognac platform at
a water depth of 1025 ft. (312.5 m) in the Gulf of Mexico [28]. Other significant developments that
have taken place subsequently have already been outlined earlier in Section 1.2. Since the structures
shown in Figure 1.30 vary in their dynamic characteristics, they respond to the wave excitation
differently as shown in Figure 1.31 [28]. The massive and stiffer fixed or ground supported plat-
forms have their fundamental periods of vibration in the range of 0.0 to 3.0 s and the free-floating,
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FIGURE 1.30 Historical development of deepwater production platforms. (From D. O’Neill, Deepwater
Development—ExxonMobil, NNPC-NAPIMS Workshop, Nigeria, September 28, 3 pp.,2006. With permission.)
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FIGURE 1.32 Optimum water depth limitations for the various offshore concepts. (From Shell Co., What
Is a Spar? Available at www.shell.com/home/content/usa/aboutshell/strategy/major_projects/perdido/about/
spar.html, 2008. With permission.)

compliant, and flexible platforms have theirs in the range of 20.0 to 100.0 s. The dominant wave
excitation periods range between 3.0 and 20.0 s. Hence the dominant response will be dynamical
for the massive and fixed platforms, while it will be quasi-statical for the free-floating, compliant,
and flexible platforms. In addition to the dynamic characteristics, the choice of specific platform is
also governed by the depth of the location in which the offshore field is located, as shown in Figure
1.32 [54].

EXERCISE PROBLEMS

1. (a) Describe the distribution of water and land on the earth. (b) The area of the ocean varies
depending on its depth below the mean sea level. At which 1000-m depth interval would
the greatest change in ocean area occur?

2. (a) Assuming that you are traveling in a submersible from New York to Spain, draw a
simple ocean bottom profile showing each bathymetric feature you would encounter as you
move across the bottom of the ocean; name each of those features. (b) Compare the above
features with those between the coast of Chile and the east coast of Australia.

3. (@) How much oil and gas are there in the world today? (b) State the top ten producing and
consuming countries of the world, and the amount consumed by each of them.

4. (a) How much oil does the world consume each day? Each year? (b) Give a brief discussion
on the future of oil production in the following countries: (i) Saudi Arabia; (ii) Canada;
(iii) United States; (iv) Russia; (v) Venezuela; (vi) Iraq; (vii) India; and (viii) China.

5. (a) List the countries that have the world’s larger proven offshore crude reserves, and the
amount they have. (b) What are the smallest and largest world offshore oil discovery esti-
mates; how can that be optimized?
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11.

12.

13.
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. (@) Using the text and recent literature on the subject, write a summary report compar-

ing the field characteristics, structural characteristics, field development/production costs,
and design features of the following offshore oil production fields: (i) Safaniah (Saudi
Arabia); (ii) Ninian (North Sea, UK); (iii) Hutton (North Sea, UK); (iv) Gulfaks (North
Sea - Norway); (v) Cognac (Gulf of Mexico); and (vi) Hibernia (Newfoundland, Canada).
(b) Compare and list the advantages and merits of each type of platform for the environ-
mental conditions of the field.

. (a) Describe the continental shelf and the continental margin, as well as the type of sed-

iments you would expect to find in these two regions. (b) Discuss the implications for
the marine environment as exploitation of ocean resources continue, especially through
drilling for oil and gas and for mining; consider separately the influences on continental
shelves, in Arctic and Antarctic waters, and in the open ocean.

. You have been asked to head a group that is in charge of recommending a concept for

detailed design consideration and cost estimation. The structure is to be installed for an
ice-infested region (with no icebergs and multiyear ice intrusion) subjected to extreme
winds and waves. List the factors you would take into consideration while assessing these
three possible concepts: (i) gravity platform; (ii) floating platform; and (iii) fixed jacket
structure.

. (@) Using the text and recent literature on the subject, write a summary report compar-

ing the field characteristics, platform structural features, field development/production
costs, design details, subsequent modifications required to utilize the structure optimally,
etc., for the following offshore oil production fields: (i) Safaniyah (Saudi Arabia); (ii)
Statfjord (Norway, UK); (iii) Manatee (Gulf of Mexico, USA); (iv) Cantarell-Abkatun
Complex (Mexico); (v) Hibernia (Newfoundland, Canada); (vi) Campos Basin (Brazil);
and (vii) Bolivar Coastal field (Venezuela). (b) Compare and list the advantages and merits
of each type of platform used for the existing environmental conditions at the field.
Worldwide offshore developments have centered predominantly around certain offshore
areas such as: (i) Persian Gulf; (ii) North Sea Sector; (iii) Gulf of Mexico; (iv) Campos
Basin and Bolivar field; (v) Prudhoe and Mackenzie Bays; (vi) South China Sea; and
(vii) Eastern Seaboard of Canada. (a) Give a brief review of the various fields developed
focusing on quantity of oil/gas involved, types of platforms used, soil and foundation con-
ditions at the site, platform structure used, and amount of money spent on these develop-
ments in each area. (b) Compare and contrast the various structural innovations developed
as the offshore industry sought to exploit the oil and gas reserves in the deep ocean.

The range and type of offshore structures used in the ocean environment are quite large
and diverse. Briefly describe the various types of structural systems used for offshore drill-
ing and production. Give their relative advantages/limitations, compare them with respect
to their production capacities, water depths, costs, and fabrication/transportation facilities
required.

An offshore structural concept is to be chosen for the Gulf of Mexico based on (i) dynamic
characteristics; (ii) wind and wave environment; and (iii) currents. (a) Using Figure 1.31
and Table P1.1, select the best concept. Give reasons for your choice. (b) If the economy
is also to be considered according to Figure 1.10 and Table P1.2, which would be the best
choice? Give reasons for your choice.

An offshore structural concept is to be chosen for the Northern North Sea (with water depths
of more than 350 m) where the maximum possible output per day is around 20,000.0 m?
(1.0 m? ~ 680.0 kgf). The field is quite large with proven reserves of 1.1 billion barrels (1 t
~ 7.333 barrels). (a) Using Figure 1.31 and Table P1.1, select the best possible concept. Give
reasons for your choice. (b) If economy is also to be considered according to Figure 1.10 and
Table A.1 (in Appendix), which would be the best choice? Give reasons for your choice.
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TABLE P1.1
Comparison of Extreme Environmental Criteria
Northern North Sea Gulf of Mexico Campos Basin, Brazil
100-Year extreme design wave
Max. wave height 3lm 22 m 8.4 m
Related period 14t0 18 s 12to 15s 11s
1-Year summer storm
Max. wave height 14 m Longer periods of

small waves; less
severe than North Sea

conditions
Related period 9to11s
Extreme current
Surface 1.5 m/s 0.26 m/s steady current; 2.5 m/s
strong currents in the
Mississippi Delta
(mudslide area)
Bottom 0.75 m/s 1.0 m/s
Extreme wind 41 m/s; 10 min Sustained wind 46 m/s
duration 10 m above velocity 45 m/s
sea level

Source: Withkind permission from Springer Science+Business Media: Conceptual Design and Hydromechanics,
Offshore structures, Vol. I, 1992, p. 135, G. Clauss, E. Lehmann, and C. Ostergaard.

14. (a) Describe the role of oil and natural gas in the economy of: (i) advanced countries;
(i1) developing countries; and (iii) underdeveloped countries. Cite three cases in each cat-
egory. (b) Will oil remain the most important source of energy for years to come?

15. Describe the roles played by each of the following: (i) legal jurisdiction of different coun-
tries (on resource exploitation); (ii) countries that own the resources to be exploited;
(iii) petroleum company operator; and (iv) other engineering contractors and construction
firms in the development of offshore petroleum resources around the world (including the
Arctic and the Antarctic regions), and bringing it to the market.

16. (a) Draw schematic flowcharts and describe the various stages involved in the economic
analysis and concept evaluation of any offshore oil/gas field development. (b) A margin-
ally viable (economically) field is located in the continental shelf of the Grand Banks (off
the southeastern coast of Newfoundland and Labrador, Canada) and is subjected to the
prevailing environmental extremes. Discuss the various options you would consider and
the option you would select as the most feasible one (use the data given in Figure 1.10 and
Table P1.2).

17. Which U.S. states and Canadian provinces have the longest coastlines and offshore oil/gas
fields? Name the prominent oil and gas fields in these states/provinces.

18. Since seismic data cannot tell the type and quantity of oil and gas present in a hydrocarbon
bearing strata, the subsequent decisions are made based on the data from the exploratory
wells. Hence, an engineer has to make decisions concerning the 3-D or 4-D seismic data
necessary for reservoir assessment and delineation. Will the exploratory drilling reduce
the uncertainty concerning the nature and size of the reservoir to pay off the investment?
Why or why not?
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TABLE P1.2
Extreme Environmental Criteria

Particulars

100-Year extreme design wave
Max. wave height
Related period

1-Year winter storm
Max. wave height
Related period

Extreme current
Surface

Bottom
Extreme wind

Averaging period

Extreme ice conditions
Thickness of ice

Iceberg conditions
Mass of extreme iceberg

Velocity of motion

Grand Banks Region
31.0m

14.0t0 19.0 s

15.0m
9.0t0 15.0s

1.2 m/s
0.5 m/s
40 m/s at 10.0 above msl (return period:

100 years)
1.0h

1.0 m thick ice floes

15.0 million t
0.9 m/s

One impact possible every 10 years (smaller size) —

Geotechnical conditions Top 50 m is characterized by horizontal

layers of sand with various amounts of
fines content

Write a brief note on some of the most important factors that need to be considered in the
planning and designing of facilities and utilities for offshore platforms. List some of the
early decisions that must be made which would have a major impact on facilities’ layout
and design. Which factors have the largest influence on the overall dimensions and layout
of the facilities and utilities on the offshore platforms?

(a) Discuss how the drilling operation (from a platform) affects the platform design. (b) In
order to properly develop the oil and gas reservoirs, many of the wells have to be direc-
tional. Outline some of the problems encountered in the process.

Name the comparative advantages and disadvantages of: (i) jackups; (ii) semi-submers-
ibles; (iii) drill ships; and (iv) drill barges.

Name the comparative advantages and disadvantages of: (i) a conventional mooring system
and (ii) a dynamic positioning system.

(a) Explain the need for: (i) geophysical and (ii) geotechnical site investigations in devel-
oping an offshore field. (b) Explain how the geophysical/geotechnical site investigations
would vary for: (i) piled steel platform; (ii) gravity platform; and (iii) tension leg platform.
(a) Describe the primary factors that limit the water depth application of conventional
steel platforms. (b) What are the major design parameters that affect the weight of a steel
platform?
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25.

26.

27.

28.

29.

30.

31.

32.

33.

(a) Outline the various factors that influence the use of gravity platforms in the North Sea.
(b) What natural geographic features made Norway an attractive construction location for
typical North Sea-type gravity structures? How?

What nonstructural factors might favor the use of a concrete structure over a steel jacket
structure in certain areas?

Identify and briefly describe at least four major elements of: (i) steel jacket platform;
(i) concrete gravity structure; (iii) tension leg platform; (iv) compliant guy structure; and
(v) truss spar.

(a) Describe the need for offshore terminals in developing offshore oil fields. (b) Discuss,
in detail, the facilities and utilities needed in developing offshore terminals.

(a) Outline, briefly, the need for, and the relevance of, the use of subsea systems for offshore
oil and gas development. (b) Describe five different types of subsea systems used in differ-
ent areas of the world.

Explain why equipment reliability is more important for a subsea system than for a jacket
platform.

(a) Describe the various components of a floating production system. (b) Why do we con-
sider a floating production system during project planning? (c) Give examples of three
different types of floating production systems.

The owner of an offshore oilfield has to decide between two options in order to exploit the
marginal oilfield that the company has discovered recently, at a water depth of 100.0 m.
The field is located at a distance of 200.0 km from the land (point of delivery), and the
nominal oil price at the point of delivery is to be US$40.00 per barrel. The oil is to be
transported to land by tankers. The total recoverable reserves, in the field, are 80 million
barrels with a maximum output of 10,000 barrels per day. The company has to decide
between a production platform with satellite well protectors and a self-contained drilling
and production platform. Find the (i) probable life of the field; (ii) amount of investment
needed to bring the field to its full potential in 2007; and (iii) probable financial return
from the field at the end of its life (use 2007 costs).

A high-production oilfield was discovered in the Gulf of Mexico at a depth of 2500.0 m
below the mean sea level. The water depth is 400.0 m at the discovery site. The total recov-
erable reserves were estimated to be 1.4 billion barrels, and the maximum output from the
field could be as high as 200,000 barrels per day. The distance of the field from the tanker
terminal (point of delivery) is 300.0 km. (a) Mention the possible scenarios that could be
used for the exploitation of oil from the field, and compute the life of the field. Take the oil
price to be US$40.00 per barrel. (b) Find the required capital outlay for the field develop-
ment (for each of the scenario given) and the probable financial return from the field for
each of these scenarios.

APPENDIX
See Table A.1.
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