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#21 MWHHROEFEHNZRLF—KHE
( Quadrillion Blu)

Petroleum * 9,634
Natural gas® 8,663
Solid fuels® 120,854
Shale oil ¢ 20,130
Tar sands? e
Uranium* 1,960

Total 161,241

* Based on physical units from Congressional Research Service. Project Interdependence:
U.S. and World Energy Outlook Throwgh 1990, Washington: GPO, 1977 (based on work
done by M. King Hubbert). Conversion factors: 1 barrel oil = 5. 8 million Btu; 1cu ft
natural gas =1, 020 Btu.

* Based on physical units from World Energy Conference. Survey of Energy Resources.
1976. Recoverability of coal assumed to be 50 percent. Conversion factor varies for
geographical regions.

¢ Based on physical units from U.S. Geological Survey. Represents identified resources
only. .

¢ Not estimated. but total energy content of oil in-place is approximately 5,600 —9,000
quadrillion Btu, based on physical units in table 11 — 18.

* Based on physical units from World Energy Conference. Survey of Energy Resources. 1976.
Light-water reactor technology assumed. Conversion factor. 400 billion Btu/short ton of UsO,

At 0 percent annual increase in demand rate:
Resource life = 161,250/250 = 645 years

At 2 percent annual increase in the demand rate:
Cumulative consumption during

1st doubling period (1977-2011) 12,750
2nd doubling period (2012-2046) 25,500
3rd doubling period (2047-2081) 51,000
Total 1977-2081 89,256
Total 2082-2110 71,494
Total 160,750

It would appear that a fourth doubling would be impossible,
and that resource life would be less than 133 years.

At 5 percent annual increase in the demand rate:
Cumulative consumption during

1st doubling period (1977-1990) 5,150
2nd dubling period (1991-2004) 10,300
3rd doubling period (2005-2018) 20,600
4th doubling period (2019-2032) 41,200
5th doubling period (2033-2046) 82,400

Total 1977-2046 (70 years) 159,650

(The Global 2000 Report to the President t 1))
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Middle East
(excluding Iran)

USSR

Total World:
101 900 milliard
cubic metres
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it * T.47 0. 6409 1.7
25 # = 4,11 0. 5201 8.1
A F 5 2.76 0.1209 22.8
A B 4.97 0.1833 25.7
55 & 3 » ¥ .73 0.0742 23.3
P A 1.72 0.0254 61.7
$ W 37.51 0.120 312.6
35 A F P 17.01 0. 0242 102.9
FIITIET 5,11 0.0397 128.7
TUT - KEE 7. 46 0.1290 571.8
356 £ FRxv7 2,59 0.0392 66.1
T b= 1.61 0. 0161 100.0
T 729 & 8.08 0.0624 120.5
3B TAI QT 3:25 0.0500 65.0
FL4 P =0T 2.48 0.0038 652.6
Y E T 1.22 0. 0057 214.0
#* ] 46. 86 0.85932 I
v F 45.33 0. 8159 55.6
1 ® H 119, 216 2.1419 55.7
(i) HHE; 0il & Gas Journal (December 31. 1990)
HSEE; 0i1 & Gas Journal (Narch  11. 199D)
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Total pipeline imports/exports: 204.7
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Total LNG imports/exports: 73.3

United States
France
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T4 TN =TI AR

Gas CO; CHs |CFC-11|CFC-12| N.O

Concentration  Pre-industrial | 280 0.79 0 0 280

ppmv ppmv ppbv

Present 353 1.72 280 484 310

ppmv ppmv pptv pptv ppbv

Lifetime in atmosphere Years | (50-200) 10 65 130 150

Global warming 20 years 1 63 4500 7100 270

oGOt 100years| 1 21 | 3800 | 7300 | 290

500 years 1 9 1500 4500 190

E._Contnbutmn to b B - B | e
" 'ff;aelc{i%?ongggo_ i 24 (all CFCS) 9

The Shell Briefi i S).No.4,1990
* Data from IPCC Working Group 1. [ risting ServicalSho) 1990

T The warming effect of an emission of 1 kg of each gas
relative to COg, based on the present-day atmosphere.
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Widespread occurrence of the bottom simulating refiectar (BSR), or gas hydrate-Iree gas boundary, in a
subduction complex.
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Physical properties of gas hydrave obtained during legging at
Site 570. Photography shews a split sample of Lhe massive
hydrate at Site 570.

B3 HandFe—trWRBEsS (F7 T~
7" (Leg 84, Scientific Party, 1982)

PHBL 7z, ZOZERLUTTRETIED
TAIT N FL— DR HWS I &
r¥ 5,

E37r7=7Hap T 2 AiEED
KL, 716m? site 570(Leg 84) T, 2 THE
NEHZINEEIZA S o g FL— FHE
I E -l TOMBILERTH B, 19824F(C
i 2 e = OIRENZER L T, AT 249m
DEEIZE T

Frnd Fr— BRI Nz, ZO%EY
NEER EREREILSRICIZ, A F A F
L— B EEOHRG I g L TIERICNS
R (1.0-1.18/aw) 202 L L, Mk
B BRI (~3.6km/sec) 222 k
AIRENTWE, BB E—F 22057
BrAZAL FL—bRARL) BV ESE
b, SRR FTiE A 2 Fr—
b RBIEEE D S HEAHRIED WA 5 2
EHEIERR N A, ZNEWbWAET (M2
Ry bEedRALARIRILZELEERLT
Vi3, FEREIC A ERTSRTE Ll I
HEEC T |2 AT 4 RIE O OB A~ | 7R

TE&3I~5maww -7t

46 —



LNBZ EHBN, ZADAF ] FL—
FEOFELBBENICRTLNETAELS
D970 IR 2 LT vz, Site 570
T Insitu TOFFRMIE, ZHF 2 FAEL W
ZERARLAEZ EIC R D, ZOFED LR
Sgtix, € ofEkA 5B S R (Bottom Simulat-
ing Reflector) XML 5 (E2).

AFendA FL—rOaR%H

AF A FL— L DERFEEE DR
BERUENGRE» L, BRREDAFT A F
L— | DEEDHIZKDLE S IC>TWA L
EZbNb. B4 ERE ENFEFERERY
BEICBEZRZ, A7y~ A FL—DEK
AR IR EAIC R L2 LT,
AHEEEOFR T HEIZ, £ 72 BavkEsHIC
S B ARG TIEE L0 T8, 372 KR
HiZBWTIHZWEE T 6 A 7oA FL

< T \Y T . %
A \ I
A |
200 |
Geolherma.‘—_ﬁ'-‘ ] SEDIMENT
Gradient
in Permalrost
400 METHANE A
HYDRATE
o { Permal N
n
2 sool Depih obFermalrosr ¥ A
w
ol
s I —FPhase
: | Boundary
=z 800
2 I
=
i I
woypo0 - |
e Base ol |
Gas Hydrate |
\
1200 | \\% 4
| QN
2 \Na
l %nNa
R | ERCTE
\
\ \
1600 1 L L ! L |
-20 =10 0 10 20 30

TEMPEAATURE °C

— F DISERE L BB Y, KR R &k
BTl AR T £ & P ADIE L B,
T b b, BB W TIERIE600m L 2
X N1, 100mfE X T £ ¥ FL
—tDEERERE L), BRETEEERLY
AKERIC & - T100mZe v~ L1,100m & T fdH*
A Z oA Fl— | PEERNICHTET 558
L% A, BSR BN AEED LOEEESFEL
CHRtd 2 &, KESBEL & Bi2fE- T BSR
DHBREIZIEINT 255, F¥EEYL 2 5
A P — P EREROE 2 1389500mTH 2,
AP FLr— MR L oHmE RS
&, AR H R e K EERR L O T ISR S
RTWwa(E5), bz phEREICH
72 B S R & 72 134BHNIC & 1) = OFELELTERR
FRRWEINEZATHD, B5 IR
Nkt O 2 g FLr—1 %%
ML 10V EFANIZ S »Fn, T 7 A0 L

0 T T T T T T
B | "'
| J=— Hydrothermal
200 - I Gradienl ]
WATER
400 |- \ .
\
& |
E 600 - | _—Phase T
E | Boundary
=
= 800 | §
T |
o
o |
g 1000 | METHANE -
I HYDRATE
Waler
AR : Sediment |
| enl
Zone ol |
1400 G@s Hydrate |
| ] Base ol Gas
| ~ Hydrale
1600 | 1 1 ! 1
=20 -10 ] 20 30

TEMPERATURE °C

Arbitrary examples of different depth-temperature zones in which gas hydrates are stable in: (A) a permafrost region;
and (B) an outer continental margin setting. The phase boundary is for a methane hydrate in pure water and is developed
from Katzetal. (1959) and adapted from Kvenvolden and McMeénamin (1980).
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Fig. 2. The Earth showing locations of known and inferred gas hydrates in oceanic sediment of outer continental margins
(®), and in permafrost (continental) regions (M ). Identification of locations is given in Table II.
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Bstimates of the amount of methane in gas hydrates of oceanic and continental margin settings (adapted from Potential

Gas Committee, 1981)

(m") {'Tef)*! Reference

Oceanic:
3.1-10% 1.1-10° Mclver (1981)
(5-25)-10" (1.8-8.8)-10° (2.7-13.7)-10° Trofimuk et al. (1977)
7.6-10" 2.7-108 Dobrynin et al. (1981)

Continental:

1.4-10" 5.0-10°
3.1-10" 1.1-10°
5.7-10% 2.0-10%
3.4-10'" 1.2-10°

0.95-10"
1.7 -10!
3.1 -10'
1.8 -10¢

Meyer (1981)
Meclver (1981)
Trofimuk et al. (1977)
Dobryinin et al. (1981)

*'1 Tef=1 trillion cubic feet=10"* fL." =28.3 km™.
**] Gt=1 gigaton (10" g) of methane carbon.
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ESTIMATED POTENTIAL GAS RESOURCES IN GAS HYDRATES

1 m hydrate zone 10 m hydrate zone
Study Region tcf m’ tef m?
Offshore Labrador 25 0.71 x 10" 250 74 k10
Baltimore Canyon 38 1.08 x 10" 380 108 x 10"
Blake Outer Ridge 66 1.88 x 10" 660 1B8.8 x 10"
Gulf of Mexico 90 2,57 x 107 900 257 x 107
Colombla Basin 120 342x 107 1,200 342x 10"
Panama Basin 30 0.85 x 10 300 8.5 % 10"
Middle America Trench 92 262 x 10" 470 13.4 x 10"
Northern California 5 0.14 x 107 50 1.4 %107
Aleutian Trench 10 0.28 x 10" 100 2.8x 10%
Beaufort Sea 240 6.85 x 10" 725 207 x 10"
Nankal Trough 15 0.42 x 10" 150 42x10"
Black Sea 3 0.08 x 10" 30 0.8x10%
TOTAL 730 21.0x 10" 5,200 149.0 x 107
21 x10" 1.5 x 10"
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