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Figure 7.8.

Plot of the burial
elficiency, BE, of organic
carbon with marine
sediments vs. the
sedimentation rate (S),
in centimeters per

1,000 years. (Belts and
Holland 1991)

Figure 7.9,

The total organic carbon
content of recent and
ancient imestones and
shales, (Gehman 1962)
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Energy units

. ~ab
Table 1. Conversion of units.?

General

1 short ton (ton) = 2000 b = 0.907185 tonne
1 metric ton (lonne) = 1000 kg
| barrel = 42 U.S. gallons = 159.0 litres

1 Biu (British thermal unit) = 1055 J (Joules)

1 kWh (kilowatt hour) = 3.6 MJ = 3412 Blu

1 kWh of electricity requires on average
10,253 Blu to produce, comesponding to a
mean thermal efficiency of 33% (1988 U.S.
fossil-fuel average)

Large units

1 quadrillion Btu = 10° MB1u = 10" Bt
1 exajoulc (EJ) = 10 PJ =910‘~ M1 =108
1 terawatl- =10° kW

erawa yrlngyr) yr

Fuel values

1 barrel of crude oil = 0.137 metric ton
1 million barrels per day of crude oil
= 2.12 quad/yr = 2.23 Ellyr

—

MBw GJ

=8.76 x 10'° kWh

Quad EJ
1 Quad 1.000 1.055
1 EJ 0.948 1.000
1 TWyr (100% conversion) 29.89 31.54
1 TWyr (33% efficiency) 90.6 95.6
10° tonne coal equiv (Gice) ~ 27.76 29.29
10 barrel oil equiv (bboe) 580 6.12
10” tonne oil equiv (Gloe) 4243 4476
10° tonne oil equiv (Gloe)® 39.69 41.87

Nominal or standard equivalents:
1 barrel of crude oil (boe) 58 612
1000 cu. ft. of natural gas 1.000 1.055
1 short ton of coal 25.18 26.57

Average heat content (U.S. 1988):
1 barrel of petroleum products  5.408 5.705
1000 cu. ft. of natural gas 1.029 1.086
1 short ton of coal 2153 2272

1 cord of dry wood (1.25 ton) 21.5 227

1 barrel of natural gas liquids 3.812 4,022
1 barrel of aviation gasoline  5.048 5.326
1 barrel of motor gasoline 5253 5.542
1 barrel of distillate fuel oil 5.825 6.145
1 barrel of residual fuel oil 6,287 6.633

a. Adopted from Ref. 1.

b. Based on Annual Encrgy Review 1988 (Ref. 2), Monthly Energy Review (Ref. 3), and 1IASA

report (Ref, 4).
c. Alternate equivalent, used by OECD (Ref. 5).



Figure 8.31.

The major sources of
world energy in 1992,
(Annual Energy
Raview 1993)

Figure 8.30.

World primary energy
production between
1973 and 1992. (Annual
Energy Review 1993)

Flgure 8,32,

World primary energy
production by source
between 1973 and
1992. (Annual Energy
Review 1993)
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TOTAL RESOURCES

Discovered Undiscovered
resources resources

—_—

Deposits known
and recoverable
today (reserves)

ECONOMIC

Increasing feasibility
of economic recovery

SUBECONOMIC

Table 1. United States oil resources (in billions of barrels).

Orignal proven conventional recoverable resources 226
Already produced 142
Remaining 84
Estimated undiscovered resources 46
Domestic production (per year) 3
Domestic consumption, including imports (per year) 5.5
Years left. under current production conditions, and no increase in imporls 28-43

Note 1: If imports decrease or use increases, the number of years left will be smaller,

Note ?:fAs supplies shrink, increasing costs will decrease use, so reserves will increase number of
years left,

Table 2. United States natural gas resources (in trillions of cubic feet).

Proven conventional recoverable resources (including Alaska,

and at less than $5 per thousand cubic feet) 384
Production rate (per year) 17
Recent yearly addition to proven recoverable resources 14-15
Eslimated total remaining conventionally recoverable resources (lower 48) 400-900
Estimated unconventional recoverable resources (price of recovery not

determined, but probably high) 140-700
Total estimated resources 540-1600
Years left at current rate 35-95
Years left at double current rate 17-47

Note: Current cost of natural gas is about $1.70 per thousand cubic feet.
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Table 3. Global resources.
0il (in billions of barrels)
Original resources 1900
Produced 673
Remaining 1227
Production (per year) 21
Years left at current rate 60
Note: Undiscovered and unconventional resources could approximately double
the total supplies, but at undetermined cost.
Natural gas (in trillion of cubic feet)
Estimated remaining resources 8100
Production rate (per year)
120

Years left at current rate




400
329 335
2 300} z ;
£
§
B
e 200
2
@
100 |
1
0 f Jeses { e e | e, =
North Cenlral Western Africa Far East,
America and South Europe Qceania,
America and
Middle East
(b)
400
335
2 300f 276 >
e ——
Figure 8,37. g
World reserves of coal G
) 200
estmatedby  §
(a) the World Energy =
Council, 1991; 100} 68
(b) British Petroleum,
1992, (Annual ” :
Energy Review 1993) 0 < e ) :
North Central Western Eastern Alrica Far East,
America aR:_i"Sc;um Europe Euro| Oo::gia,
an
el USSR Middle East

Table 4. Potential shale oil in place in the oil shale deposits of the United States

(billions of barrels).

Range of shale oil yields (gallons per ton")

Location 5-10 10-25 25-100
Colorado, Utah, and Wyoming

(the Green River formation) 4,000 2,800 1,200
Central and eastern states

(includes Antrim, Chattanooga,

Devonian, and other shales) 2,000 1,000 &)
Alaska Large 200 250
Other deposits 134,000 22,000 )
Total 140,000+ 26,000 2,000(M

'Order of magnitude estimate. Includes known deposits, extrapolation and interpolation of known

deposits, and anticipated deposits.
Source: Reference 1 as reported in Reference 2.
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Table 8.2,

World Resources of
Heavy Oil, Tar Sands,
and Ol Shals, 1990

Heavy Qil

Billion Barrels

Proved  Undiscovered Total
Reserves Resources  Recoverable

North America 23 30 65
Central and South America 280 16 309
Western Europe 8 0 9
USSR and Eastern Europe (former) 7 21 33
Africa 4 1 5
Middle East 115 22 169
Far East and Oceania 13 4 19

World total 450 94 609+

Tar Sands il Shale

Billion Barrels

Measured  Speculative  In-Place
Resources  Resources  Resources

Billion Barrels

of Oil*
United States 21 41 ~60 United States 630
Canada ~1,700 Western 460
Venezucla ~T700 Easlem 170
South America (Brazil) 300
World total ~4,000 USSR (former) 40
Africa (Zaire) 40

Source: Data from compilation by Kulp 1990.
* Recovery = 38% of estimated in-place resource,

Slaves, Fossil fuels Nuclear, hydroelectric,
animals geothermal, and
and firewood solar energy
or

slaves and animals

| i | S NAY | l l

2000

1000 0 1000 2000 3000 4000 5000 6000
B.C. | AD. Year
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Figure 5.4.

The biological parts of
the carbon cycle. The
carbon content of the
several reservoirs is in
Gt carbon (1 Gt =
10'S gm C). (Data from
the compilation of
Sundquist 1985)
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FIGURE 7-2 Planktonic organisms. Coccoliths (a) and foraminifera (b)
deposit calcium carbonate tests. Diatoms (c) and radiolaria (d) deposit sil-
ica tests. The sizes range from 0.5 millimeters down. (Photos courtesy of
A. Mclntyre, E. Thomas, P. E. Hargraves and C. McClintock.)




The Marine Food Wel:

This illustration shows the importance of bacteria in the
marine food web. Phytoplankton convert carbon dioxide
into organic material through photosynthesis. They are the
primary food source and suppliers of carbon to the food
web. Though it was long believed that the dominant
pathway in the food web proceeded from phytoplankton
to fishes, (left to right along the top) it is now well estab-
lished that @ major flux of carbon to bacteria also occurs
through the pool of dissolved organic material. Bacteria
are a critical link in returning some of this material back
into the food web through a pathway known as the
microbial loop (arrows to the right from bacteria). Bacteria
may also be killed by viruses (arrow to the left) with much

Phytoplankton
{Primary Production)

Prochlorococeus

/Cyanobocteria

Dissolved
Organic Material

L‘ W Sinking Phytoplankton
- Aggregates and
:, Marine Snow

Sisgoived Or
i Moleri

of their carbon returning to the dissolved organic material.
As bacteria consume the dissolved material, they also
release nutrients that facilitate the growth of phytoplankton.
In another important role, bacteria not only consume
dissolved organic material, they also further break it down
with enzymes. Sinking aggregates and fecal pellets are the
essential source of food for life in the dark depths of the

~ocean; however, they strip nutrients from the surface waters.

By quickly dissolving some of these particles, bacteria help
to keep nutrients in the upper layers of the ocean. In turn,
these nutrients can be used by phytoplankion to create
more food for the web. Without these salvage and recycling
activities, the ocean would quickly become a vast desert.

Ciliates

;-tl./® Microflagellates

Dissolved \

Sinking Fecal Pellets
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Figure 7.9.

The total organic carbon
content of recent and
ancient limestones and
shales. (Gehman 1962)
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Figure 8.18.

Shale compaction
curves from various
sources. Note that there
is only a small amount of
water loss due to

. compaction over the
depth range of the

oil window.
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Temperature ( C)
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The “petroleum window™ is the combination of depth
and temperature within which oil and gas are gener-
ated and trapped.



laple I.1. Names and Abbreviations for n-Paraffins
Name Abbreviations
Methane CH, CH, None
Ethane C,H, CH;CH, None
Propane C;H, CH;CH,CH, \
w_.—ﬁm:ﬂ n.a—-— 10 nIaﬁn:wvun—l—a 2
Pentane CH,, CH,(CH,),CH, N\
Hexane CiH,, CH,(CH,),CH, AN/
Heptane C;H,, CH;(CH,);CH, PAVAVAN
Octane CyH CH,(CH,),CH, ANAANANS
Nonane " CyH, CH,(CH,),CH, AANAN\
cﬂﬂmﬁuﬂ n:.—.—uu n:mﬁnzuvxﬁu:u >§
H
/ \
H H H
H- MI H u_.— ~—.~ H_ C \n -
Ethane \ / c /I
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GREYBULL SANDSTONE POOL — ELK BASIN
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Flgure 4.

Northeast-southwest, true scale, structural cross section A-A’

Wells are Identified by field numbers.

Common pool Paleozoic accumulation Is cross hatched.

through central Elk Basin field (location shown on Figs. 1, 2, 3, 7, and 8).
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A F1GURE 112
Percentages of total world oil production from rocks
of different ages. (m.y. stands for million years.)
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A I'l GURE 1.8

A peat cutter harvests peat from a bog in western Ireland. The peat has
formed in a cool moist climate that favors the preservation of organic
matter in wet environments. When dried,,the peat provides fuel for heat
and cooking.



A Il G URIE 11.10

Coal seams in a sequence of sedimentary strata,
Healy, Alaska. Coal is a sedimentary rock; the sedi-
mentary layers, once horizontal, have been tilied
by tectonic force
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Figure 7.12.
Changes in carbon,
hydrogen, and oxygen
content during the
evolution of normal
(humic) coals and algal
(sapropelic) coals.
(White 1925)
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