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8 o HArtxE gsgartae AN, f’f}ﬁ}-?i(HzS) 2 o]2lste 2 (COy) T EF
AN2A A A FaEdol A9 TSR ¥ FFH FAASo|H(Beggs, 1984), A
AR eZ 43 dFH= ’\]7‘“’“/‘1 Ad7t2e a2 FAHOE A8t A}
43o] FZ38tn 3= AAolth #A Hubbert?] A7(Hubbert, 1974)e] o&td HA7tx
E Uf 353 nzEHe AYoE HriEden od BFrke 1980¢dd Jt& vHF ¢
A7 A} g Aske G587 & AASA suke ulgoz 3 FAsA Y
F-ollAl Hubbert9] 7boll XF=A &dd 7t2 Aol R EHAJEH o2 2L 7t
4L v A 7}~ (Unconventional Gas), 71& AF59 F7} wigss AR g &
Aste AR AA7FA (Deep Natural Gas) o]t} olgst Q2L ujAske] F712 Qldtd
AA7t~9 vl Yol ow, AFG 7149 HAE 7t FEE B A HAUAY AR
AAZk~E 15,000 ft (4,572 m) o149 A dto] EAste JA7IEEA 77 AP 2AEAS
U.S. Geological Survey(USGS)2l 19953 47 A= & o], 1,412% YLIHAEY 7|3
o2 34 7b5d AAstE Jhed 1142 YU ET AR 5H EXd EAsE ddrts
Ad olgd AX staw FEAEA EExH Y1 dgd JATH d4E RS ¢
2t} (Kuuskraa, 1998). A5 7l24+ 199549 ul=ro] AX Ad7tA F5F 712d 6.7%S
A8t om 20159 7HA 18.7%% 718k Aot} (Cochener & Brandenburg, 1998).
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shith £@ Fuz @A 4% 29 F vl AF AL FRelA A3
2 ¥5L AAGT Yor 1 AR ey A 9= A5EL Fusa goms

B =82 USGS% Gas Research Institute(GRDo) A A3 zpg0] =A%)
Zzgol: AAIA, vlAY 7Fx, AR JpA w] A

Abstract: Natural gas is a mixture of hydrocarbon gases and impurities such as nitrogen, hydrogen
sulfide, and carbon dioxide and a clean energy producing no pollution materials for combustion. Currently,
the demand of the natural gas is rapidly increasing due to worldwide environmental problems. According
to Hubbert’s study in the past, the natural gas was predicted as rapidly depleted resources, and then the
results led to high gas price and limitation of usage during 1980s. Afterward, the study of natural gas
resources based on geology identified the additional natural gas resources that were not considered in
Hubbert’s study. They are unconventional gas, additional resources in the existed reservoirs, and natural
gas in deep subsurface areas. Such additional resources made the future of natural gas bright and
promised low and stable gas price in the future. Deep natural gas is defined as the gas existing at or below
15,000 ft (4,572 m) in depth from the surface. According to the study from the U.S. Geological
Survey(USGS) in 1995, 1,412 TCF of technically recoverable natural gas was remained to be discovered
or developed in the onshore of United States. A significant part of that resource base, 114 TCF, exists at
deep sedimentary basins, and it shows wide distribution with various geological environments. In 1995,
the deep gas contributed to 6.7% of total supply amount of natural gas in the United States and is
expected to be 18.7% by 2015. However, the development of the deep gas is a high risky business due to
expensive investment and high portion of dry holes, although it is developed. Thus, for developing the
deep gas economically, it is necessary to overcome many technical challenges. In this paper, for
increasing success rate of the deep gas, 1) geologic and compositional characteristics, and production cost
have been analyzed according to depth, 2) technical problems related to deep gas production have been
summarized, and 3) finally future study areas for increasing application of the deep gas have been
suggested. For reference, this paper was written based on the study results from USGS and Gas Research
Institute (GRI), for the United States is doing the most active R&D in the deep gas area, and thus, has

many reliable data.
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AA7t2E g3lgartae ANy, F3FAHS) R OIS EA(COy) 59 EFA=Z
do] A9 AAEA = FEa FAAIoIH AA F FA A A
5] dFHE AlFdA dd7tze 3 FPHLE dsto AMEFol FFsn

Adoz 34
A Aol oleld FAL FFAE A%™ APl 1 24 ©F ElAEnergy

Information Administration)d] AFE HW 19991d9 ¢ 84 Y EA 2020
T 1622 YWUIER 1 AH|Fo A9 F w2 F/Y Ao qFafed 2y 1 4
B 3.2%9 F7t FAR AA AuA au¥F F AA7EI AAE BT 23%01]"1
28%2 F7+e Aolth (EIA, 2001).
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Fig. 1. World natural gas consumption, 1970-2020.

Oil & Gas Agol 9&¥ 20013 19 1¢ dA A AAe HdArtx 4 oFzFe
5278 UWHEo|m o] 7hxdl eAe}, o, FELE, ARe-t] olgfu|ofe} ofF ow] g o]
E dgto] ztzt 199X 59749 vidHE Frsn ok (E 1.

AA Ll A7t wjFFL Aol BlEtd tha PEYEA FExHol Jorn I H 24,
59 A, A AAY AF AgF 7k 65%8 AL Yot ATt A 35%
g RSty Jdoh (2¥ 2)
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Table 1. World natural gas reserves by country as of January 1, 2001.

Reserves | Percentof

{Trilion World

Country Cubic Feef) Total

World ........... 5,278 100.0
Top 20 Countrles . . . . . 4,678 88.6
Russla . ......... 1,700 322
lmn. ........... 812 165.4
Qatar .. ......... 394 76
SaudtArabla . .. .. .. 213 4.0
Unlted Arab Emirates. . . 212 4.0
United States . . . .. .. 167 32
Ageria . ......... 160 30
Venezuela . ....... 147 28
Nigeria . ......... 124 23
Irag............ 110 21
Turkmenistan. . . .. .. 101 19
Malaysta . .. ...... 82 16
Indonesta. .. ...... 72 14
Uzbekistan . . .. .. .. 66 13
Kazakhstan. . ...... 65 12
Canada. ......... 61 12
Netherlands. . .. .. .. 83 12
Kuowalt . ......... 52 1.0
China........... 48 a9
Mexico . ......... 30 0.6
Restof World . . . . ... 600 114

EE/FSU

Middie East
Africa
Developing Asta
Norih America

Central and South America

World Totat:
Western Europe 5,278 Tilllon Cubic Feet

Industrialized Asia

0 10 20 30 40
Percent of World Total

Fig. 2. World natural gas reserves by region as of January 1, 2001.

ol9} Zo] FAsx An|Fo] AARCR FFIUL % st& 7HEe A WEIA
A Aoz qdAHEE dA 7139 $2.00-2.50/Mcf FFo2 HE Ago|tt. 8@ o]
o} Zo] FFate AAVtE: ANFE FFEAZD F Je 9727 FE8 FRH Y=A
Azks £ dart Aok

Hubberto] @o] oJ&d HArt2E vy #4543 1Zde AYdoz HriEHon o
3 H{7he 1980l 7t 7 AT Zbx AMRFY] ATE =AU 2 F, (AT
2 71 ngo g 3 FA7tE A9 AFolA Hubbertd] Hrbe] EFHZA Fgd 7h&
Zhgo] #H A=Y ol A2 7tA AP v AW b (Unconventional Gas), 7]&
AFFo b jgdEs AF NHo| A5t A% HA72 (Deep Natural Gas) 5olth
(Kuuskraa, 1998). o813t A2 ulFFe] Frt2 st HAArt29 vldis Holnaw,
AFg H249 A" stA FFE BALA HAAch

Hl A7t Agkd 712 (Coalbed Methane), A5F&Y AldT ALdFAA AAHE

%]
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Hd7bx 52 93y (Tight Gas Sands and Gas Shales) A 72 AiboA 2HAl8tE ¥
&o] F718kn Ak (McCallister, 2000; EIA, 2000; 29 3). 2 24 wjF¢ ¢, o
& dlA st AASE v 19909l 18% (3.2 AW E)NA 1998 24%
(4.5% AFAE)Z F7M6IE 7t 71 A4 A9 AE&HA FY 5L o e v
Ay 7z AL s AA 2020474A ¢ 62 AUV ES] 4AFoR FoME ol
t}.

Trilfion Cubic Feal

Coalbed Methane

51

1980 1895 2000 2008 2010 2015 2020

Fig. 3. Natural gas production, 1990-2020

AF HA7tAE 15,000 ft (4,572 m) o3 Aste] EAste AArta2A USGS9
1995 AP A2l oFtd 1,412 AWIEY Ve oR F e dAsas v
FadelA gAd Az FoldAY A EHT dokn BEEHT o Jed 114 YugE
7t AR B3 EXd EAlgte Hdrizeln 1 22X Ade dWEd gﬂ e =Rt
gk, MF gata/rEA R FRAYG 5 ddstA £EEH gl oo A
&4 #7-& 730t (Dyman et al, 1998). 016%2& AR 7haE 19959 mSe] AA ddrt
2 T8 7HEd 6.7%8 AAsHow 20159714 18.7%% F712 Mol 1997d) <
560071 A% b2 LS HT AiAA o] vFolA AFHIon o] shed Ak o4o]
A st BA(56%)] EAsta ohvbtha B R (Anadarko Basin; 25%)9% #HE BXA
(Permian Basin; 15%)7F W™ x] diBE2& AA& %t dA7t2] ARt Asbske g
EA7F 45%, AE dito] 39%E AAEtn Joen FIFHOE o] F XA F 282 Y
Wi EE g AFolr} (Cochener & Brandenburg, 1998).

ol &l gt ’"t‘ﬂ"?} EAste AL A ecr o9 FEo WREUH 1 ddE
a4 EE FAY Foln AAEHeR N2 FEAE A0d AFE EAHL A
EF AFTEEE AEEC 2 AdY 2 olfE B2 FAug AdsitaE e vE
o] v A4 (dry hole)o] ‘%}/‘gb‘}ﬂ gl Eojt}. olelgt Fielx BFeta AErts Aol
A&Ho g F7tete ol F 2097y EX¥E ARste A 39 4 ?]%ﬂr Al &= gl
A ol ZaE AL & F Ak Y ol E ARIIAE oS AAHE s

l
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g 7HE AR 7h2d AL 43ES 377 A%
o 4% Fkx RE AYY AAHY RE B4 L 2YY B4, AL A a8t P4
82 Y=ol g} 2Astgn Aol FuEE 7143 2ARES Aesigen sAges
FF 2FHE AT Poks g ANSNAY. £ B2 A A stxe 33 vFo] @7
A ZRAA 7Y BEF BFE AAST Qo 1 A3 B I Y AESS
gR8n YOoEE B =EL USGSS GRINA AAG zd AR

oa

L A% Ad7t2d AdeH 1E 84 2 2448 54

AR Ztae g AZEH #4 & 7 A A ghE v 3¢ 15,0007 o
4ol Q2 AFF (significant reservoir) 74, 2567] AFZo] 15,000HE o] A%
of ZA89 377707} 14,0009 E o]} A=e] &A1tk AAH AFFS 44 199 WL
o A EE 609 dUFEY AL Msd 7tAE X¥sle ARFFLE FAHH o
BAH MRS 7heH A 3/4 A=t AAEE AAtea Qg ® 28 v EAlgks
BAAQN ARIMA ARFFTE AGEE €A% ZAoln ¥ 3& A gatxrt M w2 A
A AFS5S 852 Yo (Dyman et al, 1997).

Table 2. Deep significant fields and reservoirs in the United States.

Number Number

Remgion offields of reservoirs
Rocky Mountains 19 22
Permian Basin 68 89
Anadarko Basin 76 84
California, Alaska 3 3
Gulf Coast Basin 158 174
Williston Basin 5 5
Total 329 377

o] AFF 71&d 67%7F +ZF EF (structural trap) B FZA EdI A3 EY
(stratigraphic trap)e] &3¢9 E3 =3 (combination trap) 7= E/FHY =3 60%7}
Y (clastic rock)22 o]Fojz QUot. HAHAD AFLE F7)40W X ofyriza, A
sk, AjEolet FAIL FA Tl FTHsIR VAR AFY (carbonate reservoir
rock)2 #HE #A(Permian Basin)9} ¥T2E EX(Williston Basin)ll FH3tth. AFF
FE AE7L AodsE ZASAR AA AR ARF e 26%7F 17,000 HE o]
o] Aol &3t}

F{
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Table 3. Deep significant fields and reservoirs in the United States by State.

Numberof  Number of

State Repion fields TESeIVOIrS
QOklahoma Anadarko Basin 58 63
Texas Anadarko Basin 18 21
Texas Permian Basin 56 77
New Mexico Parmian Basin 12 12
Wyoming Rocky Mountains 16 19
Utah Rocky Mountains 1 1
Colorado Rocky Mountains 2 2
California West Coast and Alaska 2 2
Alaska Woest Coast and Alaska 1 1
North Dakota ~ Williston Basin 5 5
Texas-Louisiana Offshore 14 16
Louisiana Gulf Coast 49 50
Florida Gulf Coast 3 3
Mississippi Gulf Coast 55 54
Alabama Gulf Coast 19 19
Texas Gulf Coast 20 2
Total 329 7

T
=
e
)

™

Al 22 (Rocky Mountain Basin)

272 BEX= F27](Jurassic)?t ¥We7)(Cretaceous) H3Y AFST T Y
(Paleozoic) a3} el do] E3E AFFTOLZHE 43 AWM EY HARINAE A
AstGon &3 wiFge 2z 28 WFHETY (F4, 5,6, 2¥ 4).

Table 4. Summary of significant reservoirs in major deep basins of the Unites States.

Nuomber of Cumulative gas Known recoversble ‘Number of ficlds discovered
Basin ins and and ta, gas and Stmiigraphic and. grior to 1970 and
region percentage of total gas of tatal gas Tithologie i i af total numb
oftotal number  producedinbasin produced in basin of reservoims in bawin Comments
Rocky Mountain 2337 04721 4 22532 Jurssic and Cretaceous clastio reser- 922 Deep pas mostly from Utah-Wyoming
basins & percent 2 percent 7 percent voirs and Paleczoic mixed cmbonate- 41 percent  thrust belt; potential for gas fran Harmn
chstic reservoirs and Wind River Basins.
Amdarko 8477 247214 2.8632 Mostly a clastic basin; some Cambrinn- 25/84 65 percent of reservoirs produce fom
22 percent 11 percent 8 percent Silurian carbonate production 30percert  Pennsylvonian strata.
Permian 897377 1241214 15.1533.2 Middle Paleczoic mixed slasticcarbon-~ 32/89 67 of 89 reservoirsare in Davonian or old-
24 percent 58 percent 45 percent ate reservoirs and Silurian-Devonion,  36percent  er rocks; Penmian recervoirs are strati-
mostly carbonate reservoim gaphically trapped.
Guif Coast 1741377 627214 1285332 Mostly clastic Tertiary reservoirs; mixed 64/174 37 percent of deep reservoir are Tertiary.
46 percent 28 percers 38 percent carbonateclostic hurassic apd Crets- 37 percent
ceous reservoirs
Williston 5371 0.17214 <0.1332 Ordovicion Red River dolomitic reses- 35 Structurally trapped.
1 percert <] percent <] percent voina &0 percent
California, Alasks 3377 <0.121.4 05533.2 Tertinry chstio resarvoirs n Structumlly and stratigraphically trapped.
<] percent <1 percent 1 percent 67 percent
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Table 5. Total cumulative production, proven reserves, and known recoverable natural gas for deep

significant reservoirs in all basins and areas in United States.

Cumulshve produchon Proven reserves Known reserves
Basinor arca (MMCE) MMCF(MMCF)

Anzadarko Bagin 2,358,260 416,490 2,774,750
Rocky Mountain 436,400 1,782,900 2,219,300
Permian Basin 12,413,306 2,713,874 15,127,180
Guif Coast Basin 6,192,094 6,628,587 12,820,681
West Coast and Alaska 84,998 179,912 264,910
Williston Basin 12,808 25,334 38,142
Total 21,497,866 11,747,097 33,244,963

Table 6. Total cumulative production, proven reserves, and known recoverable gas and oil for deep

significant reservoirs in the Rocky Mountain region.

Major resecvoic hthology

Taotal Clastic Carbonate

[+]}}
Known recoverable 45,100 45,100 —
Proven reserves 14,400 14,400 —
Cumulative production 30,400 30,400 -

Gas
Known recoverable 2,192,600 836,000 1,356,600
Proven reserves 1,782,000 595,200 1,187,700

Cumulative production 436400 300,600 135,300

PLATEALI AREA

SAN JUAN ] RATON

q am 40 600 KLOMETERS

Fig. 4. Map of Rocky Mountain region showing basins (outlined areas) in which deep natural gas is
presumed to be present on the basis of gas shows, formation tests, geology, and known production

(shaded areas).
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2492 WE (thrust bel)dl EAdE FL AFSL 723 EY 7z wWopy
E]oj(Frontier) 53 Fret7] F7Z(Nugget) Fol d&€ Y
(Permian-Pennsylvanian)%°] d4d j4da 244
(& 7.

Table 7. Producing formation, number of reservoirs, geologic age, and lithology of deep significant

reservoirs in the Rocky Mountain region.

Producing No. of
formation Genlogic ape Lithalogy TeSCrvoLrs
Minnelusa Penn-Permian Mixed cambonate and clastic 4
Madison ~ Misissippi Carbonate 2
Nugget Jurassic Clastic 6
Bighom Ordovician Carbenate 3
Dakota Cretaceous. Clastic 3
Weber Penn-Penmian Clastic 1
Frontier Cretaceous Clastic 2
Morgan Permsylvanian Carbonate 1

Total 22

ol ARItA ZYY (source rock)e F2 AFFHog ¢ oHd AFYY A&
d @3 (fault)ol] EAste F71E0] 5T eyl Adolth AF A9 AFFTEL F A
urh W £EE BoFEd 1 ot AA XY wFonvE RAZ 498 At
AT o] @ Aoz FEA%

E7)4H 229 g FdFE 22.0~94.7%°l9 EE AFFTL 0.5% olste] 2F F§FE&
eI dwAez sitacl Au gFe Ao Yl oluneLE Tyshe shad
of Zasly olg|gt 7FA2HL A 3]Y (limestone) AFZolt} F7]4HW AR xHo| Zx)
e dREe A4 AREE 724 wE BuAd =8 Fo2 %A U0 (& 9

Table 8. Structurally trapped deep significant reservoirs in the Rocky Mountain region.

Reservoir name Classification Basin or area

Johnson County, Wyoming

Reno Oi Powder River Basin.
Reno East Oil Powder River Basin.
Natrona County, \Vyoming
Poison Spider West oi Wind River Basin.
Uinta Coanty, Wyoming

Butcher Knife Springs ~ Gas Thrust belt.
Whitney Canyon Gas Thrust belt.
Anscinitz Ranch East Gas and il Thrust belt.

Sesszion Mountain Gas Thrust belt.

Chicken Creek Gasg and ail Thrust belt.
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I-2. o}utt} = ¥4 (Anadarko Basin)

ohvtls BAE ZAAH AR AFEF 7Fd 22%E AR g} o] A¥E 2x 439 ¢
U E JtAE AMslgon 22 83Y UWHES B4 uAFE FREn Aok (2
5, 6). |

et}

CENTRAL
COASTAL
BASING

Fig. 5. Map of the United States showing basins containing sedimentary rocks more than 15,000 ft deep.

GULF COAST BASIN
6.2 TCFG {20%)
128 TCFG (J035)

PERMIAN BASIN
124 TCFG (58%)
15.1 TOFG (am)

AMADARKO BASIN
24 TCFG (11%)
28 TCFG (8%}

WILLISTON BASIN
<0.1 TCFG (1%}
<01 TCFG {<1%)

CALIFORNIA - ALASKA
BASING

<BATCFG («196)  ROCKY MOUNTAIN
0.2 TCFG (1%} BASINS
B4 TCFG (2%)
2.1 TCFG (1%}

Fig. 6. Pie chart illustrating distribution of total cumulative production of natural gas from deep

significant reservoirs in the United States by region.
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84719 FQ AHF= 71" 117 +2F 24 Fxo|x

14747} zaz«a =g Fzold

16707 5§ Ef F=xolt. 70%9 FL AFT

o] Hdez o]FAA Ui (R 9 4Y

gt oz B o, 29 (Morrow) &, olE7HAtoka) &

2 A2ZXHA (Springer)E ¥ &S

Aautgolrl e} nlAAlS] 7)9] Aoz o]FolA gt}

Table 9. Deep significant reservoirs in the Anadarko Basin by producing stratigraphic unit, geologic age,

and lithology.
Na. of
Formation ar umit Gealogic age Lithalogy reservoirs
Morrow Pennsylvanian Clastic 29
Cottingham Pennsylvanian Clastic 2
Atoka Penmsylvanian Clastic 3
Red Ferk Pennsylvanian Clastic 1
Boahwright Pennsylvanian - 1
Puryear Pennsylvanian - 1
Morrow-Springer ~ Miss-Pennsyhanian  Clastic 1
Goddard Mississippian Clastic 2
Springer Miss-Pemnsylvamian  Clastic 13
Merunec Mississippian Carbonate 1
Hunton Silurian-Devenian ~~ Carbonate 18
Henryhouse Silurian Carbonate 1
Qil Creek Ondovician Clastic 1
Simpson Ordovician Clastic 1
Bromide Ordovician Clastic 1
Ellenburger Ordovician Carbonate 1
Arbuckle Cambrian-Ordovician Carbonate 2
Total 84

Bl A L
| & web I8 14 2 ZAgc o
9] & (porosity)2 4~15%°]9 (28 7) Hd
At 18,000 HE o) A=e &Ashe =

olstel B2EL AR

AE EAE AR AFZY 24%2 A A7 122 439 HEY 725 4
Astgen (29 6, 4, 10) 7129 24 vjFarel 45%00 sige 149 Q)
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Fig. 7. Porosity versus depth for deep significant reservoirs of the United States.

Table 10. Total cumulative production, proven reserves, and known recoverable gas and oil for deep

significant reservoirs in the Permian Basin.

Maujor reservane [thalopy
Tatal Clashc Carbonate Chedt Blank
Oil
Known recoverable 8,075 - 8,075 . -
Proven resarves 939 - 938 - -
Cumulztive production 7,136 - 7,136 - -
Cas
Knowx recoverable 15,127,180 566,030 13,766,982 709,530 84,638
Proven resarves 2,715,874 157,053 2,481,937 43,970 24,914
Cumulative production 12,413,306 408,977 11,285,045 659,560 55,724

o] £X9 AR AHoA HiHE AL YR E Jlroln o]52 dutd oz dalglo] B
(Delaware Basin)gtil £2& #HF X9 AR 33 Q9 aadet AFZoA ALk
0. dF ARsaE Hsd o9 25 A3 YAHAN D 7E F71 rAE 2Yo)

7tA22 A=l AAAHY)

rr

[e]

o2
lo

r{o

A8 £A9 0§ H5d AR AR Asel wet gasitu 1 ol4E BA WAl
AR v gasy] qEolw 1 A% A2 nFA AR 22 wAY sy

AEsh B Fagoh 2zt A5 e g 37be Fold AL Wl APH= I}
232 AN A%E 2980 FARHoR B o, dakeo] B Jumoz ¢
& ARSL YR Aluhiob|s M B7)Y FHSL TS AULT DUy ol
o 43 gRel EAsts ARFS Aol BA ) FURol EAsE 27 ngRY B
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Table 11. Deep significant reservoirs in the Permian Basin by stratigraphic unit, geologic age, and

lithology.

Steatigmphnc vait or gealogme nge Geologtenge Lithology No. af reservairs
Wolfcampian Pennian - 2
- Pennsylvanian - 1
Strawn Pennsylvanian Carbonate 3
Atoln Pennsylvanian Clastic and carbonate 5
Momow Pennsylvanian Chstic 10
- Mississippian Carbonate 1
Lower Devonian Devonian Chert M
- Silurian-Davonian Carbonate 3
- Silurian Carbonate 4
Fusselnnan Silurian Carbonate 22
Ellerburger Ordovician Carbonate 33
Total B9

33709 AF AFIFo] L2mBlA7](Ordovician) Zoln HE Ex AHEE= 7144

75%+< ©l£7] (Devonian) £+ © 2@ Folt}, FFEL AL uwal MAHoT A

gt (2" 7) dubd oz 16,000 HE o] 49 "]E"ﬂ EAste AAA AFSE BAEY

olth. 19,000 JERT He HEoA 2ge FFEL 5% olA4olt} 16,000 NERT} &

< AEAM 44 ARFTE FNEY AFFRY 5L F3F5L /A ﬁ@(fracture)—"—
o

Ao 82 Rp g AN E S7/IAY. dutd o2 M3gEe WegEur HL =

AN Yehdt dg 332 47.0~97.7%E BRAFu HFge <k 90%o|th. o}ﬂz}%
2T 34.8~53.8%% ¥ ¥FE RAFH LEH F3Fio T g v

[I-4. A% 3¢t £ (Gulf Coast Basin)

14,000 HE o]4 HEQ 377/ AFF 71edl 46%% 174707 A & Bx]o ==
st (2¥ 5) FAZEA o NHe] ZFAH AFFL 62 2349 YWyHE stAE i}
Aot (29 6, & 5, 12) . AFFL A 37] g SN BAEAd HAA §H o)
=¥dE Fxolth. AR AAY AFH 13z 3’3_9‘1 P Eol g 40%7} o) EA
of EAgch AAA AFZ 712 65%7F 7tag AAstn QQow o] 74ed 40% o]Aol
FolAlofjite] YA Y}, o] AP BE Ziwer% 7h&d 79%7F 444 EHAHYgoz o
Folad 9ot (& 13).
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Table 12. Known recovery, proven reserves, and cumulative production for deep significant reservoirs

and fields in the Gulf Coast Basin by major lithology.

Major reservoir lithalogy
Totat Clastic Carbanate Mixed

Gay
Known recoverable 13,262,291 11,110,291 1,679,000 473,000
Proven reserves 6,628,587 5,676,587 719,000 235,000
Qurmulative production 6,192,094 4,993,054 960,000 239,000

od
Known recoverable 881,805 330,805 551,000 -
Proven reserves 128,226 56,226 72,000 —
Curnulative production 590,579 111,579 479,000 -

AEEZ 29 14,000~15,000 E9] AF{FAA 16%7F @4t dels 16,000~17,000

HYEY AFFAAE 29%7F SiFddeltt. AAeA Agiz B o, 65719 A 371%, 537
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Table 13. Deep significant reservoirs in the Gulf Coast Basin by producing stratigraphic unit, geologic

age of producing unit, and lithology of producing unit.

Depth (inintervals of 1,000 f)

Steatigraphic unit  Lithology 14 15 16 17 18 19 20 21 2 3 24
Torfiary
Robulus ol 2
Fr o 7
Miocene ol 15 10 6 3
Amnalmae cl 3 1
Bolivina mex. el i
Discorbis B cl 1
Wilcox [} 2 2 1
Textularia c 2
Yepua cl 1
Planulina cl 1
Camerina cl 1
Woodbum cl 1
Pliocene [ 1 1 1
Pleistocene o 1
Bigerina hum. cl 1
Cretoceous
Austin c 1
Tuscaloosa d 1 2 3 2 3 3
Edwards c 1 1
Hosston cl 3 12 5
Sligo c-cl 4 5 1
James c 1
Mooringsport d 1
Pahixy d 1
Red o 3
Jorassic
Buckner c 1
Black River d 1
Cotton Valley ol 8 H 3 1 1
Narphlet o 3 3 2 2 1
Smackover c 5 9 [ 1 4 2 1 1
Total (n=174) &5 50 28 11 9 2 1 1
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Table 14. Deep gas qualitative assessment.

Region Quality Rating Obstacles
Appalachia 3
East Gulf Onshore 1 CO, H,8
Arkla-East Texas 2 CO, H,S
South Louisiana Onshore 3 CO,
Texas Gulf Onshore 4
Rocky Mountains 1 CO; H,S N,
Overthrust Belt 3 CO, H,S
Midcontinent 3 CO, H,S
Permian Basin 2 CO, H,S High Temp.
West Coast Onshore 3
Norphlet Trend 1 CO, H,S

1 = Extremely Low Quality 2 = Widespread Low Quality
3 = Some Low Quality 4 = Generally High Quality

Table 15, Well economics by depth range (1994-1996 average).

Depth Range, ft Recovery Per Well,{ Well Cost, MM$ True Finding
Bef (includes dry Cost, $/Mcf
holes)
0 -5000 0.83 0.164 0.20
5000 - 10,000 1.42 0.503 0.35
10,000 - 15,000 3.18 1.569 0.49
>15,000 5.96 4.020 0.67

vl A o] A8% w82 AA &AL v E AL Al AAF 7t b8 FUMHEER B
Al 71en &3 J1e9 g4E B3t BAAE ™ +
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A7t~ A2l vlf{ A4 (Reducing Sour Gas Production/Processing

Cost)
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