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FOREWORD

This study of future expected OCS production volumes and costs has

been undertaken at a tine when the ngjority of the OCS areas are

| argely unexplored and when little information is available on the
resource base, the geology, or the production technol ogies which will
be feasible. As a result, the methodol ogy of this study has all owed
for the projection of results under uncertainty wth anal ogous infornma-
tion about conditions in overseas environments which may be simlar to
t he new 0OCS areas.

Resource projections, based upon those available fromthe USGS at this
time, are considered prelimnary by the experts who have assenbl ed
them and new projections on critical information itens such as oil and
gas in place, field-size distributions and well productivities are
currently being prepared, but will not be available for some tinme to
conme.
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SUMMARY

A. PURPOSE AND SCOPE

For nore than twenty years, both governnent and industry have | ooked

with great interest on the U.8. Cuter Continental Shelf because of its
potential as a large source of oil and gas. There are significant
questions, however, about which areas of the CQuter Continental Shelf (0CS)
are the best prospects with regard to attainable production, |anded

costs, and capital requiren-nts for exploration, devel opnent and production.

These questions are importarr .o the companies who | ease individual tracts
fromthe Federal Government tor exploration and devel opment. They are
also inportant to the Bureau of Land Managenment (BLM) which nanages this

| easing process. BLM requires basic data on the costs of finding and
producing oi1 and gas from the ocs so it can judge the potential profit-
ability of proposed leases. It also needs to know the total productivity
07 2 OCT ar~a urder specifi. price .xpectztions and the |ikely inpact

Oi this producri. 1tY on energy supply and denand.

Te c¢biectives of this study, therefore, have been to:

«determne the costs of fiuding and producing oil and gas in
the oCs,

o+ estimate the quantities likely to be produced in 1980, 1985 and
199%Cunder various price scenarios, and

6 estimate the potential regional and national inpact on energy
demand and supply.

This report presents the results of that study. Two points nust be
emphasized !

¢ The estinmates of potential oil and gas production from new

OCS areas as presented in this report were based on the 1975
0cs Planning Schedul e, which includes sales through 1978,
and orn the oil and gas resource estimates provided by the
United States Geol ogical Survey*. Any change in either the
0CS Planning Schedule or in the resource estinmates of the
USGS will necessarily reflect on the projected production
volumes presented in this report.

* Geol ogi cal Survey Circular 725, *“GCeological Estimates of Undi scovered
Recoverable G| and Gas kesources in the United States,” USGS 1975.

Arthur D Littlelnc



e The resource estimates for the Quter Continental Shelf provided
by the USGS are for offshore areas with water not deeper than
00U feet., As a consequence, potentially productive areas with
waterdepth greater than 600 feet as they exist, for exanple in
<he Gulf of Mexico and of fshore Southern California, are not
covered by this study. This nmay have resulted in a low esti-
mate of “typical” field devel opnent costs for Scuthern
California, where large mess with high resource potential
are in waters deeper than 600 feet.

N22231c apprcach to the <tudv yaz as follans, Fi-st, the 17 005 arzaz,
lraionated bv the BIM, were grouped into reven | arger areas (Table 1),
considered to represent major differences in climtic conditions which
significantly inpact on petrol eum exploration and devel opment costs.

TABLE 1

CCS AREAS ANALYZED

Study Areas BLM 0cS Areas |ncl uded
Azlartic Areas 1, 2, and 3
Juif of liezilco Areas 4, 5, and 6
Pacific Coast Avezs 7, 8, 2, and 1D
Colf cf Alacka Areas 12 and 13

Tower Cook Inlet and Bristol Bay Areas 11 and 14

Tooo T oA Tl Tra Arnas "5 ad 1%
deauicrt Saa Area 7

ior ecc . of cheve a.easn,exploracion, development and rroduction costs
wiié valc.ildned b.sed on inrTovwation assembled from industry sources and
tile pubiic demain. Since these costs are sensitive to the size of a

ciese ad the rate at w! ¢ 2° is de elep:d, devei-~oment and groductron

conea foo doe aaffer e ol liee were Inesrigacen: gammnries 5 R
o tus rthoaoe of %t o 9007 slzes ceonsidcored az reolrazantaciia Cov
e im0 T T A S
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oi | Gas

(106 bbls) (1017 ¢¢. 3
45 0.25
150 1.0
2000 10.0

Average well production rates of 2500 barrels of oil per day and 50 MCF

of gas per day were assumed except in the Gulf of Mexico and in areas
offshore California. The prevailing rates of 500 barrels per day and 20
MCF per day per well were used for areas in the @Qulf of Mxico and 500
barrels per day and 50 MMC per day were used for areas offshore California.

On the basis of indicated likely drilling sites and an assessment of the
likely operating conditions in the different areas the follow ng offshore
di stances, water depths and number of years to first production follow ng
the first discovery well were used ir the anal ysis.

Years to

O f shore Wt er First

Di st ance Dept h Production

(mles) (feet)
Atlantic 75 400 4
@l f of Mexico 75 - 400 3
Paci fic Coast 15 600 4
@l f of Al aska 25 400 5
Lower Cook Inlet and Bristol Bay 15 200 5
Bering Sea and Chukchi Sea 75 200 5
Beaufort Sea 15 300 5

Using probabilistic estimtes made by the USGS of the amounts of oil and

gas present on the OCS, the 1975 0ocS Pl anning Schedul e of the BLM and the
results of the previously nentioned cost analysis, probabilistic projections
of oil and gas production and related capital requirements for each of

the 16 individual areas contained in the |ease schedul e were nade.
Furthermore, to allow for the differences in costs between areas and
between different parts of the resource base within each area, these
projections were nade under different price scenarios ranging from
$4.50/Bbl ($0.75/MCF) to $18.00/Bbl ($3,00/MCF).

Finally, the potential inpact of the nation's oil and gas supply/demand

bal ances was assessed, using the expected values (i.e. , the statistical
mean) of the production forecasts for new 0CS areas obtained under a |ow

Arthur D LittlelInc



and high .bri ce scenario in conjunction with high and | ow projections
of potential production fromonshore areas and existing offshore areas.

¢.  EXPLORATION AND DEVELOPMENT COSTS

Expl oration and devel opment costs between areas can vary by al nmost 100%
For a typical field (150 million barrels of oil, 2500 billion cubic feet
of gas) exploration well drilling and field devel opnent costs are as
foll ows:

Costs of One
Fiel d Devel opment Costs Exploration Veéll
(MIlions of 1975 Dol | ars)

oil Gas
Beaufort & Chuckchi Seas 188 172 10.
@l f of Al aska 184 196 5*3
Bering Sea & Bristol Bay 150 187 7.2
Qul f of Mexico 144 157 2.0
Atlantic Coast 127 166 2.1
Lower Cook Inlet 124 118, 4.4
Paci fi ¢ Coast 148 112 2.0
Unit Costs will vary” widely depending on the size of the field. In the

Atlantic OCS, for example, unit costs will be:

0il Reserves* $/bbls of Daily Production Capacity
(MM bbls)
45 7390
150 3740
2000 2530
cas Reserves $/MCF Daily Production Capacity
2ot? 1. Y
0.25 1255
1.0 515
10.0 260
4
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The greater economies of scale for gas fields are the result of the
| arger investment required in well-to-shore transportation.

These costs can be translated into mininumrequired prices -- the mnimm
price that a company must obtain to cwer the after tax costs of explora-
tion, devel opment and production. The minimumprice will vary with the

| ocation and size of a field and with the rate of return desired by the
company. Tlables 2 and 3 show minimum required prices for three field
sizes and three rates of return in each of the seven oCs areas anal yzed.

The differences in minimmrequired prices for different field sizes and
different rates of return are quite striking. For exanple. at the

present day wel | head price of $11.28/Bbl, a 45-million barrel field in

the Lower Cook Inlet would “be considered econonical with a nininmm
required price of $10.63 if +a: conpany were satisfied with a 10%rate

of return. If the conpany desired a 25%rate of return, however, even

a 150 mllion barrel field would not be considered econonical at a m ninum
required price of $11.99/Bbl. Table 4 shows the mninum field sizes which,
under favorable conditions, would be economical, if wellhead prices were
$12/bsrrel for oil and $1.25/MCF.

D. ANTICIPATED PRODUCTI ON FROM NEW 0CS AREAS S

1. Probabilistic Projections

From the cost data, the probabilistic USGS's resource estinmtes and BIM's
June 1975 Planning Schedule, we projected production volumes at different
| evel s of confidence and under price scenarios ranging from $4.50/Bbl
($0.75/MCF) to $24.00/Bbl ($4.00/MCF)¥

The probabilistic projections, made for the 16 individual areas contained
in BLM's Pl anning Schedul e, were combined into probabilistic forecasts
for the followi ng four geographical areas and for all areas conbined:

(1) Ofshore Atlantic Coast,
(2) The @il f of Mexico,

(3) Ofshore Pacific Coast, and
(4) O fshore Al aska.

The results of these probabilistic projections for confidence |evels of
5% 50% and 95% based on wellhead prices of $12.00/Bbl and $1.25/MCF,
respectively, are shown in Tables 5 and 6 for the target years of 1980,
1985 and 1990. The confidence |l evels of 5% 50% and 95% r epresent,
respectively, a very unlikely (1 in 20), a noderately likely (1 in 2)
and a very likely” (19 in 20) expectation that the stated production will
be advanced.

*

Based on production of 2500 barrels per day.
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TABLE 2

M NI MUM REQUI RED PRICE: O L

(1975 dollars/barrel)

s . 6
Fie 1d S:z¢ (10 Bbl)
Kate of Return (%)

stlantis

Tac ific

Beriug Sea

45 150 2000
16 15 25 10 15 25 10 15 25

€.70 8. 85 14.61 4.45 5.82 9.40 2.78 3.57 5.56

Cult ot “4cxico 6.0G1 7.78 12.17 4.53 5.81 8.94 3.92 4.98 7.49
6.93 9.31 15. 62 3.90 5.27 8.75 2.65 3.43 5.46

Culi of Al aska 14. 22 19. 63 34.79 7.23 9.84 17. 20 4.29 5. 67 9.39
Lowar Couk |nlet 10.63 14. 23 24 18 5. 46 7.19 11.99 3. 17 4.04 6.34
12. 44 16. 70 28. 94 6.72 8. 86 14. 85 3.65 4.64 7.26

Beaufort Sea 17.41 23.78 41. 88 8.59 11. 42 19. 49 4.80 6.08 9.57




M NI MUM REQUI RED PRI CES:
(1975 dollar/MCF)

TABLE 3

GAS

_ 7 3
Field Size (10 f¢

0. 25 1 10
| Rate of Return (%) 10 15 25 10 15 25 10 15 25
Atlantic 1.02 1.36 2.31 0.59 0.75 1.17 0. 40 0.48 0.70
@l f of Mexico 0.83 1.06 1. 66 0.50 0.61 0.90 0.39 0.45 0. 60
faci fic 1.11 1.50 2.57 0.53 0.67 1.08 0.34 0. 40 0. 60
- Qi f of Al aska 2.45 3.45 6. 30 0.97 1.3¢ 2.26 1.51 0. 64 1.03
Lower Cook Inl et 1.71 2.37 4.22 0. 66 0. 87 1.47 0.33 0.41 0.63
Bering Sea 2.04 2.82 5.12 0.91 1.18 1.96 0.49 0.59 0.88
Beaufort Sea 3.03 4.23 7.72 1.13 1.50 2.56 0.54 0. 65 1.01

WA (YUY




1
M N MUM ECONOM C FI ELD SI ZE

Gas (Billions of cu. ft. )

TABLE 4

G| (Millions of Bbls)
Wellhead Price $12.00/Bbl

Rate of Vel | head Price $1.25/MCF

Return 10% 15% 25% 10% 15% 25%
Atlantic 180 290 660 17 26 70
Qul f of Mexico 120 185 400 11 17 47
Pacific 220 300 770 18 30 74
Ql f of Al aska 660 1100 5400 60 97 425
Lower Cook Inl et 370 560 1550 37 58 150
Bering Sea 600 930 4400 49 80 260
Beaufort Sea 850 1600 6400 80 135 560

In Recoverabl e Reserves.

Arthur i) Litte inc



TABLE 5
ANNUAL O L PRODUCTI ON LEVELS FROM

CONSOLI DATED OCS AREAS AT DI FFERENT CONFI DENCE LEVELS!
(mllion barrels per vyear)

Year of Production

Confi dence
Level s 1980 1985 1990
O fshore Atlantic Coast 95% 0 0 0
5C% 50 130 80
5% 280 400" 260
Qul f of Mexico 95% 5 25 15
50% 80 180 150
5% 200 440 420
Offehore Pacific Coast 95% 3 95 70
50% 60 210 170
5% 125 410 310
O fshore Al aska 95% 0 120 110
50% 0 430 350
5% 100 1,070 850
TOTAL U S. OFFSHORE 95% 90 550 440
50% 230 1000 800
5% 5005 1810 1430

Sour ce: Arthur D. Little, Inc.

1
At a wellhead price of $12/barrel
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TABLE 6

ANNUAL GAS PRODUCTI ON LEVELS FROM

CONSOLI DATED OCS AREAS AT DI FFERENT CONFI DENCE LEVELS !
(billion cubic feet per year)

Year of Production

Confidence ;959 1985 1990

Level s
Of fshore Atlantic Coast 95% 5 45 40
S0% 190 360 310
5% 925 1,075 860
@l f of Mexico 95% 340 700 560
50% 1,100 1,700 1, 350
5% 2,260 3, 250 2,700
O fshore Pacific Coast 95% 6 80 65
50% 85 210 180
5% 330 400 330
O fshore Al aska 95% 0 70 65
50% 0 280 280
5% 0 750 690
TOTAL U.S. OFFSHORE 95% 670 1500 1280
50% 1590 2700 . 2280
5% 2930 4500 3760

Source: Arthur D. Little, Inc.

lpssuming a wellhead price of $1.25/MCF

10
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As shown in Tables 5 and 6, it is highly unlikﬁiy that new COCS oil and

gas production, respectively, will exceed 589 #illion barrels and 3 trillion
cubic feet in 1980, 1.81 billien barrels and 4.5 trillion cubic feet in

1985 and 1.43 billion barrels and 3.76 trillion cubic feet in 1990.

However, it is very likely that annual oil and gas production from new
areas, respectively, will exceed 90 million barrels and 0.67 trillion

cubic feet in 1980, 550 mllion barrels and 1.51 trillion cubic feet in

1985 and 440 mllion barrels and 1.28 trillion cubic feet in 1990

2. Expected Production Levels

The expected values or statistical nmean of the probabilistic production
forecasts as obtained under dJifferent price scenarios were used, firstly,
to compare differences in attainable production |evels between areas and
secondly, to assess the potential inpact on the nation’s oil and gas
suppl y/ demand bal ances.

The results, again for wellhead prices of $12./Bbl and $1.25/MCF, are
show- in Teble 7 for four major geographical areas.

The production scenarios devel oped for this study show that in 1985 about
forty-eight percent of all new OCS oil may be produced offshore Al aska
fifteen percent, twenty and seventeen percent nay be produced 1iu areas,
respectively, off the Atlantic Coast, in the GQulf of Mexico and off the
Pacific Coast. This pattern may hold approximtely until at [east 1990

New gas production, throughout the period considered, may be predoninately
fromareas in the Qulf of Mexico; seventy-eight percent of all new CCS
gas in 1980, seventy percent in 1985 and sixty-six percent in 1990.

Ol and gas production fromnew 0CS areas are shown to decline after 1985
if leasing were to stop at the end of the 1975 Pl anni ng Schedul e date,
i.e., 1978, because the resources found on | eased areas will start to
becone used up. However, production could be sustained if additiona

| ease sales are held after 1978.

The total expected 0CS oil and gas exploration and production results

are shown in Figures 1 and 2. These figures show the expected annua

and curul ative findings of oil and gas, respectively, the cunulative
production streans, and the expected ultimate recoverabl e resources.

About 50% of the ultimate recoverable OCS oil may be found as a result

of BLM's propesed accelerated |easing program (13.2 billion barrels
compared to an expected potential of 26 billion barrels). About 40%

of the ultimate recoverable OCS gas resources may be found (39.4 trillion
cubic feet conpared to an expected potential of 98 trillion cubic feet).

For the purpose of the study we used the 1975 OCS Pl anni ng Schedul e which
ends in 1978; however, significant oil and gas finds are expected beyond

1978, and production five to seven years after discovery. In 1985,
erefore, about 4.3 billion barrels of the 13.2 billion barrels of new

11
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TABLE 7

EXPECTED PRODUCTI ON LEVELS FOR CRUDE O L
I N BENCHMARK YEARS FROM CONSOLI DATED oc¢s AREAS
LEASED OR TO BE LEASED THROUGH 1978(1)
(mllion of barrels and billions of cubic feet per year)

Type Year of Production

1980 1985 1990

O fshore Atlantic Coast oi | 80 145 94
Gas 220 340 283

Gulf o Mexico oi | 91 197 170
Gas 1,109 1,692 1,370

O fshore Pacific Coast 0i | 60 165 141
fas 93 180 151

O fshore Al aska 0i | 8 465 396
Gas 4 254 278

Total New U.S. 011 239 972 801
O f*ore Gas 1,426 2,466 2,082

(1) At wellhead prices of $12/Bbl and $1.25/MCF.

Arthur D ttie inc
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FIGURE 1 Expected OCS Gl Finding and Production History
1976 to 1990 for all U.S. 0OCS Areas
(wellhead price of $12/B)
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FI GURE 2 Expected OCS Gas Finding aud Production History
1976 to 1990 for all U S oCs Areas
(wellhead price of $1.25 /MCF)
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0CS oil which nay have been found by then may have been produced. In
1990, 8.7 billion barrels of this 13.2 billion barrels may have been
produced.

The cunul ative gas production in 1985 nay be 10 trillion cubic feet from
the total of 39.4 trillion cubic feet found by that year. In 1990,
18.6 trillion cubic feet may have been produced, |eaving 20.8 trillion

cubic feet for future production,

E. I MPACT OF NEWOCS O L AND GAS PRCDUCTI ON

To assess the inpact of new 0CS oil =nd gas production, as found possible
under the 1975 Planned Leasing Schedul e, upon the nation’s energy bal ance,
we projected separate energy bal ances for oil and gas, with and w thout
the new OCS oil and gas production streams. Two production scenarios
were used to determine the range of inpacts:

«An optimstic scenario based on high crude oil and natural
gas production fromonshore and existing offshore areas,
wi th and without a high production stream from new OCS areas
(corresponding to the expected production at wellhead prices
of $12.00/barrel for oil and $1.25/MCF for gas).

« A pessimstic scenario based on low crude oil and natural
gas production fromonshore and existing offshore areas,
with and without a | ow production stream from new OCS
areas (corresponding to the expected production at wellhead
prices of $4.50/barrel for oil and $0.75/MCF for gas).

Under the optimistic production forecast (see Table 8):

«Total oil and natural gas liquids production would increase
froma level of 9.6 mllion barrels per day in 1975 to
about 10 million barrels per day in 1980, 11.6 mllion
barrels per day in 1985 and 12.3 mllion barrels per day
in 1990 (see Table 8); the relative contribution of total
donestic production fromthe offshore areas would grow
from17.5%in 1975 to 30% in 1985 and the focal point of
the of fshore producti on woul d have shifted fromthe Qulf
of Mexico to the areas offshore off Al aska.

«Total associated and non-associated gas production would
decrease froma level of 58.2 billion cubic feet per day
in 1975 to about 50.6 billion cubic feet per day in 1980,
tb increase thereafter to 55.6 billion cubic feet per day
in 1985 and 54.3 billion cubic feet per day in 1990; the
relative contribution of total domestic production from
of fshore areas would grow from21%in 1975 to 25%in 1985.
The focal point of the offshore gas production would remain
in the Qulf of Mexico area.

15
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Under the pessimstic production forecast (see Tables 8 and 9):

«Total production of oil and natural gas liquids would
slightly decrease froma level of 9.6 mllion barrels per
day in 1975 to about 9.3 nmillion barrels per day in 1980,
8.7 mllion barrels per day in 1985 and thereafter increase
to 88 mllion barrels per day in 1990; the relative contri-
bution of total offshore oil production would only increase
from17.5%in 1975 to about 19.5% in 1985; the focal point
of offshore oil production woul d remain in the Gul f of
Mexi co.

. Total production of associated and non-associated gas woul d
decrease significantly froma level of 58.2 billion cubic
feet per day to 47.2 billion cubic feet per day in 1985 and
37.0 billior cubic feet per dayin 1990; t he relative
contribution of total offshore production would grow from
21% 1 n 1975 to about 25%in 1985 and the focal point of
of f shore gas production would remain in Gulf of Mexico.

For both the optim stic and pessim stic production scenarios total

available U S. onshore refining capacity was projected to grow at about
2% per year through 1980 and then remain constant between 1980 and 1990.

1. Inpact of OCS Gl

The difference between utilized refinery capacity and donestic production
{s filled with crude oil inports. Q1 fromnew CCS areas m ght reduce
import requirements for crude oil by 10-15%in 1980 (pessimstic and
optimstic supply scenarios, respectively) and by 10-30%in 1985 and
1990,

The fraction of utilized refinery capacity filled by new OCS oil
production may amount to 4-6% under the pessimstic supply scenario
and 6-14% under the optimstic supply scenario.

The | argest inpact of OCS oil production is expected to occur in the
western seaboard and in A aska. Refinery capacity in these two areas
will have to grow at a rate of 2% per year between 1980 and 1990 under
the pessimstic scenario. Available OCS oil in those combined refining
centers might require as much as 75% nore capacity in 1985 under the’

optimistic scenario.

2. Impact of 0CS Gas

The inpact of natural gas prcduction fromthe 0CS was estimated in terns
of tke changes which this production stream can make in alleviating
otherw se expected curtailnents in different demand sectors in the
individual states. Thiee scenarios for distributing 0CS ana anshovr » :

16
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Arthur D, Little, Inc., estimates.

Source

TAELE &

PROJECTIONS OF CRUDEOLL anownaTURALGAS LI QUI DS
PRODUCT LGN BY PRODUCING REGION

Opt tatatte case (1)

(mfllionbarrels per day)

YEAR

| 1974 | 1975 | 1980 | 1985 | 1990 |
Lower 48, old 8.67 7.92 5.89 4.24 3.38
. lLower 48, new 0.00 0.00 0.71 1.9s 3.52
c lr Pf Mexico, old 1.36 1.23 0.88 0.33 0.30
C%J . of Mexico, new 0.00 0.00 0.36 0.71 0.60
,z:}ntlc, PSW 0.00 0.00 0.24 0.43 0.29
aC|,{,C .0 0.23 0.21 0.17 0.16 0.15
aClT1C, new 0.00 0.00 0.27 0.49 0.50
Alasks onshore, new 0.03 0.08 1.37 1.92 2.47
Alsska gffshore, old 0.16 0.15 0.09 0.0s 0.03
Muske 0 ﬁnere, new 0.00  _0.00 _0.02 1.30 1.1
Total 10.45 9.5% 10.00 11.61 12.35

Pessimiscic Case (2)

| 1976 | 1975 | 1980 | 195 | 1990 |
Lover 48, 0l d . . 5.89 4.24 3.38
Cover <8, NIEW i A
OT  Mexico, old & 88 &68 8 ?8 0.33 0.30
Gulf of Mexico, new . . . 0.41 0.39
Atlantic, new . A7 0.28 0.18
Pacific, oid . . g 0.16 0.15
Pacific, new . . 0.15 0.07
Alaska onshore , new . 1.47 1.92 2.47
Alaskas offshore, ciz . 0.439 0.05 0.03
Alaska offshore, new 0.00 . 0.01 0.09 0.07
Total 10.45 9,59 9.28 B.65 8.76

(1) Assumptions:
|, For onshore. reass Ot her than Alaska,annual discoveries will increase
ot a rate O 11X per year from 300 million barrels O recoverable

reserves in 1974 to 950 million barrels in 1985 e nd Lhey will
decline thereafter;

2. Production from onshore areas of Alaska will be . shown, msinly
reflecting increases in production from the Prudhoe Bay area;

3. Product torf rem offshore reserves, productnginm 1975 will continue
t0 decline as shown;

4. PornewOiS.res e xpectedproduct%onWi [l be .B found possibie
vith & §12/bbl wellhead price 1OF Oi | o O 2 51.25/M0Fvellhead
price Ol gase asuming an e ccelerated lease sale schedule through 1978;

5. Extended oil recovery methods willgtart to contribute significantly
to overall production between 1980 and 1985.

(2) Aasumptions:

1. For onshore areas other thas Alaska, annual discoveries will
increase at. rate of only 3.52 per year from 300 million barrels
of recoverable reserves in 1974 to 500 million barrels of recoverable
teserves in 1990;

2. Production from onshore areas of Alaska will be asshown, reflecting
mainly increases in production from cthePrudhoeBay o rea;

3. ProductionfromOf f ShOI € reserves, producing in 1975, will continue
to decline . s shown;

4. Por new OCS. rea, cxpected production will be . n found possible
with . $4.50/bblwellhcad price foroiland a $0.75/MCF
price for gas asesuming an accelerated leasesale o chedule thruugh
1978,

3. Extended of 1 recovery methods will cent iaue to contribute only
marginaliyto Overall production.

17 .
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Arthur D. Litcie, Inc., estimates.

Source;

TABLE 9

PROJECTIONS OF ASSiw 1,111.11 ANDROU=ASSOCIATED NATURAL QAS
PRODUCT L0 BY VROBUCING KEC LONS

., Optimgstic Case (1)
(b| [ 1] ON* of cubicfeet per day)
YEAR

| 1974 | 1975 | 19d0 | 1985} 1990 . |

v . . 46.11 30. 8 21.07 12.49
t:v:: ‘LBB (:\lcg nglgg 0.00 6 ; 16.12 27.26
QI of Hextcools 2.5 1 175 5.03 1.87
Guit of Mexico, new . 0.00 0 1.2¢4 5.07 4.13
Atlantic, new. 0.00 0.00 (.74 1.25 0.9
Pacific, old 0.14 0.1) 0.1 0.12 0,12
Pacific, new - 0.00 0.00 0.54 1.03 0.71
Alaska onshore, ncw 0.34 02326 0.34 6.?? 8 gg

-] , ol 0.2 . .16 ’ .
Maskaortsore, old 02 B8 fat R N
Tot al 62.55 58.20 50.5:1 55.59 $4.35

Pessinist c Case (2)

| 1974 19s ) 1990 | 196s | 1990 |
Lover 48, Ol d 49 30 46.11 30.88 21.07 12. 40
Lowver 4B,new 0.00 0.00 4.15 8. 45 12. &
Gulf Of Mexico,o0ld 12 3% 11.40 7 7(» ig% 1 %7
Gulf of Mexico, new 0. 0.00 2.69 . 1.37
Atlantic, new 0.00 0.00 0.56 0.81 0.63
Pacific, old 0.14 0.13 0.1 0.12 0.12
Pacific, new 0 00 0 00 0.39 0 62 0.45
Alaska onshore, nacw . 0.3 0. 34 0.3¢ %.00 5.48
Alaska OHSHore, old 0.24 0.00 Q.16 0.11 0.0s
A'aska offshore, new 0.00 0.00 0.00 0.00 0.00
Total 62.55 58.20 47.21 44.49 36.98
(1) Assumptions:

1 For onshoreare>soather than Alaska, e nnual discaverics WI | | incrcace

at . rate of yper yearfrom 1.75 trillion cubicfeet of recoverable
reserves in:97« to J.9trillion cubic fret in 1983, e mdtheywill
decline thercafter;

2. Production (rem onslo re aven s of Alaska will de as shown, matnly
reflectingfncreases in production from the PrudhoeBay. rea.

3. Productionfrom of[.here teserves, producing in 197S wilicontinue
to decline « s shown;

4. For new OCJ arcasexpccted production will be as found possible
wWith a$i2/ubl sellbrad price for a1l and a §1.29 vJt wellhead
price far ga.assiring. N accelcrated lease sale scheosule through 1978.

$., Extended oil re:svcrvmethodewillscart co contribhute signa ficantly
to overall productionbetween 1980 and 1985.

(2) assumptions:

1. For onshore arcas otacr than Alas ka, e rn:Jl discoverieswill
Jdroreas: ac . caeedi i petiearfron ) .75 tridlion cubie
fect Of recoverablcicaerves 1nid74to 3.2 trillton cubic
feetdn 1990,

%, Preductioniisaencbor - ro.y of Alaska will be a- shown, Tefle ecing
®afnly fncreascs ‘o product ion from the Prudhioc Bay ®© rea;

3. lrctuctlen {rem ol.ibors tuserves, procucing in 1975, will continue
te decllue »: shovm;

&, For 3 now CU7 arels v«mo el produc ion will be as found possible
with a $4 0/ EL we 1 ool acice for o(lang 1 SOUIN/MCE welltead
ST e Lor wam asavtifg e alicltracec icasy sdle scacoule throuph

PR
L X ST : : - s Wil concinve Lo - onr tibute ol
7 Lt B . Lrun.
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anong states were exam ned:

(1) Al gas (onshore and OCS) will be distributed anmong states
so that any shortfalls will be shared proportionally by all
states (“national distribution”);

(2) Onshore production will be retained by individual states
to satisfy their own demand and CCS production and surplus
state gas will be distributed nationally (“states’ rights
with national distribution”);

(3) Onshore production will be retained by individual states
to satisfy their own dema:* and OCS production and surplus
state gas will be distributed regionally (“states’ rights
with regional distribution”).

Under all three scenarios, in allocating available supplies over different
end-use categories FPC's priority schedule was used, which gives highest
priority to residential users, followed by commercial users, “other”
ve=rs, industrial users and lastly electric utilities.

Demand was projected to grow at an annual rate of 0.2% until 1980,
primarily because of a rapid decrease in electric utility demand, but
at a rate of 1.8% between 1980 and 1985, and of 2.4% between 1985 and
1990.

The projections of total U S. demand and supply from onshore and existing
of fshore areas are indicated in Table 10 which al so shows the total and
relative shortfalls in the target years. The total natural gas demand
in 1980 is expected to be 18.7 trillion cubic feet per day. Total daily
supply, wthout new 0CS gas but including estimates for the suppl enental
sources of imports, coal gasification, synthetic natural gas and other

sources, will range from 14.8 trillion cubic feet (pessimstic scenario)
to 15.5 trillion cubic feet (optimstic scenario). This leads to potential
shortfalls of 3.9 trillion cubic feet (21% of demand) in the pessimstic
case and 3.2 trillion cubic feet (17% of demand) in the optinistic case.

Natural gas fromnew OCS areas may alleviate the 1980 shortfalls by 30%
in the pessimstic case and by 40% in the optim stic case.

In 1985, the shortfalls nay be even | ess because of new OCS gas. In
the pessimstic case the shortfall is expected to be reduced by 36% and
in the optimstic case the shortfall may be elimnated altogether. In
1990 new 0CS gas nmay reduce shortfalls by 20%in the pessinmstic case
and by 62% in the optimstic case.

It is expected that for the “national distribution” and the “states’
rights with national distribution” scenarios, any gas supply shortfalls
through 1990 will affect only the electric utility and industrial end-
case sectors. The donestic, commercial and other demand sectors will
not be affected, Consequently, regions such as New Engl and where
residential and conmmercial demand are a significant proportion of the

19
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TABLE 10

TOTAL U.S. SHORTFALL | N NATURAL GAS SUPPLY

(trillions of cubic feet)
1975 1980 1985 1990
Total U 'S. Demmnd 18.6 18.7 20.5 23.1
supply
Pessim stic w thout new OCS Case 18.0 14. 8 16.0 15.7
Pessim stic Case with new OCS 18.0 15. 8 17. 6 17.0
Optimistic Base Case without new
Ces 18.0 15.5 18. 4 20.0
Optimistic Case with new CCS 18.0 16. 8 20.9 22.1
Shortfall - trillion cubic feet
Pessim stic Base Case W thout new
Ccs .6 3.9 4.5 7.4
Pessim stic Case with new OCS .6 2.9 2.9 6.1
Optinmistic Base Case without new
Ccs .6 3.2 2.1 3.1
Optimistic Case with new OCS .6 1.9 0.0 1.0
Shortfall - Percent

Pessim stic Base Case without new
Ccs

2.8 21.0 22.0 32.0

Pessimistic Case with new OCS 2.8 15.0 14.0 26.0
Optimistic Base Case without new

Ccs 2.8 17.0 10.0 13.0

Totimistic Case with new OCS 2.8 10.0 0.0 4.4

Jovcce: Arthur D, Little, Inc., estimates.




total demand will have a relatively small shortfall even if no new OCS
gas production would be realized. For such regions the additional new
0Cs gas will reduce the shortfall significantly, possibly elimnating
it conpletely. On the other hand, regions with a high proportion of
industrial and electric utility gas usage, will experience a much
smal | er percentage reduction in their shortfall because of new OCS gas
avail ability.

Under the “states’ rights with regional distribution” scenario it was
assuned that producing states would retain as nuch of their production
as needed to satisfy demands. Any surplus plus the production from OCS
areas woul d be distributed regionally in the nearest onshore region
until regional demand was satisfied. This scenario would exacerbate
regional differences in supplv availability to the greatest degree. For
instance, the West South Central region including Texas and Louisiana
woul d show little or no shortfall. The inpact of new 0CS gas production
under this scenario will be greatest in those coastal regions, where
onshore and existing offshore production is relatively small next to
the new production streanms expected from new of fshore areas

The “states’ rights with national distribution” scenario would result
ina nmre even allocation of any surplus production and the offshore
production from federal waters, Regions such as New England with a

| arger proportion of residential and conmercial demand woul d not be
penal i zed for a lack of producing states as would be the case under the
“states’ rights with regional distribution” scenario

Under this scenario the inpact of new 0CS gas.in reducing shortfalls

woul d be highest in regions |acking of producing states and relatively high
proportional demand in the high priority end-use sectors, residentia

and commerci al .

F.  CAPI TAL REQUI REMENTS FOR OCS EXPLORATI ON AND DEVELOPMENT*

The cumul ative capital expenditures through 1990 for gggioration and
devel opment for the OCS areas are expected to total S$IT&5 billion if
the average prices are $12.00/Bbl for oil and $1.25/MCF for gas. The
annual requirenments under this price scenario can reach $2.7 billion
(1980) which is significant compared to estimated 1974 industry
investments of $5.7 billion for exploration and devel opnent in al

ar eas. [f a lower price scenario with its resulting lower activity

l evel s is assumed ($4.50/Bbl for oil and $0.75/MCF for gas), the

cunul ative capital expenditures to 1990 are expected to be $4.5 billion
with an expenditure of $0.7 billion in 1980. The annual expenditures
in all cases are highest in 1980 and taper sharply afterwards to |ess
than $0.2 billion in 1985 and to $0.02 billion in 1990. These projections
are direct functions of BLM's Planned Leasing Schedule of 1975 which

covers only the period through 1978. The cunul ative capital expenditures
for exploration and devel opnent are sunmmarized in Table 11

*Exclusive of capital requirements for |ease bonus paynents.
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TABLE 11

CUMULATI VE CAPI TAL EXPENDI TURES THROUGH
1990 FOR EXPLORATION AND O L AND GAS
FI ELD DEVELCPMENT IN CONSOLI DATED AREAS
AT DIFFERENT CONFI DENCE LEVELS(1)

(in billions of 1975 doll ars)

Confi dence Cunul ative Expect ed Cumu-

Level s Expendi tures ative Expenditures
of fshore Atl antic Coast 95% 0.6 1.7
50% 1.7
5% 4.2
Gul f of Mexico 95% 2.4 4.7
50% 4.5
5% 9.0
O fshore Pacific Coast 95% 1.1 2.1
50% 2.0
5% 3.8
O fshore Al aska 95% 1.8 5.0
50% 4.9
5% 10.9
Total New U. S. O fshore 9 5 % 8.9 13.5
50% 13.9
5% 22.0

71, Assuming wellhead prices of $12/Bbl and $1.25/MCF.

e ™
Al Lildr s e,



In 1980, the expected annual capital requirements for the nost likely
price scenario ($12.00/barrel for oil and $1.25/MCF for ges) are $346
miiiion for the Atlantic 0CS, $795 million for the Qulf of Mexico,

$430 million for the Pacific OCS, $562 million for the Southern Al askan
0CS and $560 mllion for the West and North Alaskan 0CS. As shown in
Table 11 the capital required for exploration and devel opment will vary
excensively for different levels of confidence. The total cunulated
expenditures for exploration and oil and gas field devel opnent in new
0CS areas to be leased through 1978 will very likely be more than 9
billion dollars (95% confidence level), but it will be quite unlikely
that they will exceed 22 billion dollars (5% confidence |evel).

23

Arthur D Littlelnc






| BACKGROUND

During the last few years, tke United States has become increasingly
concerned with its future energy sources in light of declining donestic
production, increased demand for energy, environmental problens, the
sharp increases in prices and the decrease in the security of supply of
inported oil and gas. As a result, both governnment and private industry
have been focusing upon finding possible new sources of energy. The
promiging U S. Quter Continental Shelf (0CS) areas have been a major

point of interest due to their high potential as a |arge source of oi

and gas. To a large extent, OCS areas around all U S. coastlines consist
of sedimentary rocks of the general types in which oil and gas are
normal Iy found. As a result, oil and gas production may be possible from
all the 17 areas Into which the U S. OCS is divided with sone yet

unexpl ored areas being very likely to contain |arge amounts of commercially
producible oil and gas. There are significant questions, however, with
regard to which areas contain the best prospects, both with regard to

the magnitude of attainable production streans and the |anded costs of

the available oil and gas. In addition, there are questions on the
requirenents of the capital which will be needed to find, develop and
produce these resources

The finding, devel opnent and production of oil and gas fromthe 0CS in

the United States is performed by the private sector; individua

conmpani es lease on individual blocks from the Federal Government the

rights to perform these activities. The Bureau of Land Managenent (BLM)

of the U S. Department of Interior nmanages this |easing process and

offers for lease selected, promsing tracts that are nom nated

by private industry which has performed some geol ogi cal and seismc exploration
of the area. Leases are awarded through conpetitive bidding where the winning
bid prices often directly reflect the perceived potential of a block and

may account for significant fron-end investnents of hundreds of mllions

of dollars for the rights to explore one block.

Since Federal OCS |easing began 22 years ago, about 13 nmillion acres
have been | eased altogether, with by far the greater part of this
acreage in the @ulf of Mxico

The Federal CGovernment received 609.6 mllion dollars in 1975 from

royalties on oil and gas production on the Quter Continental Shelf,

according to the Interior Departnent’s U S. Geol ogical Survey. (OCS rovalties
(597.2 million dollars of whichis fromtracts in the Gulf of Mexico and

12.4 mllion dollars fromoffshore California tracts) represents 69% of

total royalties collected by the US in 1975 for energy exploration and
production on Federal lands. Ofshore also represents 1812 |eases

covering 8.4 million of the 101.4 nillion acres |eased by the Federa
Governnent for oil and gas production. In 1975, nore than 13,500 producing

| eases are estimated to yield 593 mllion barrels of crude oil and natura

gas liquids and 4.5 mllion MCF of marketed gas valued at nore than 6.4 billion
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dollars. This yield represents 22.4% of the nmarketed gas and 16.2% of
total crude and gas |iquids produced in the U S. during 1975.

OCS Econoni cs and Costs

The process of exploration includes all the steps necessary to |ocate
potential sources of petroleumand to establish their presence in
comercial size accumulations. On the OCS, this may involve, among
other activities, the drilling of one or nore exploratory wells for
each geophysical prospect. Exploratory expenditures for drilling in
200-neter water depths and in noderate climatic conditions, such as
found in the Gulf of Mexico, may amount to approximately three mllion
dollars for a 10,000-foot well. These are the purely technical costs
incurred for exploratory well drilling. It should be recognized that
these costs do not include other significant offshore exploratory
expendi tures such as |ease bonuses, geological costs, and certain over-
head expenditures that will normally be allocated to the exploratory

effort.

As exploratory drilling progresses to greater water depths and to nore
severe climtes, drilling expenditures wll necessarily increase. The
primary factors contributing to these increased expenditures are the
rig capital costs and the drilling and equipping time involved.

The marked increase in costs as a function of water depth and climtic
severity also apply to devel opment and production expenditures. In

wat er depths where sea floor producing units can be utilized, the cost

of producing facilities is not expected to show a cost sensitivity to
increasi ng water depths to the sane extent as in the water depths range
where platformtype installations can be enployed. O course, the

di stance from shore will continue to affect expenditures. In contrast
with the exploration activity, which usually requires very few wells, the
comercially successful offshore field requires a large nunber of

devel opment wells together with associated gathering, separating, storage
and transportation facilities, including safety and environnenta
protection facilities. For the noderately severe climte, such as the
Gulf of Mexico, and for water depths not exceeding 150 neters, the tota
cost for a devel opment and production system can be estinated at

approxi mately 125 to 150 million dollars for a 100 million-barrel oil

field. In other words, this is a production systemthat will operzate
under the same conditions as an exploratory well that can be drilled for
three mllion dollars. If climatic conditions becone severe, such as

can be found, for instance in the Gulf of Alaska and Lower Cook Inlet
the costs for the sawme production system may be three tines as much,

i.e. , in the range of 375 to 453 mllion dollars. 1Increased water lcpth,
ezpecially in ai eas wii u -evere climatic cenditions, may inciease thsz
costs as nuch as threefold, i.e., if the water depth is increased from
150 meters to 200 mere:s

I-2
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Fox 75%ice-laden areas, drilling in deep open waters nmay be possible
only during three-to-four nonths of the year. In areas with severe
climatic conditions, platforms are not assumed econonically feasible
beyond 200-neter water depth and, therefore, floating/drilling, together
witn sea floor producing systems, are required. The cost of those
producing systens will be substantially above the cost of systens in
what is now considered severe climatic conditions and deep waters

1 _Objective of Study

The study was undertaken to support the Bureau of Land Management in its
efforts to establish the potential of OCS oil and gas. The objectives
of this study are to project the future oil and gas costs and production
streans for all 17 OCS areas resulting fromavailable resource estimates
techni cal cost projection= and the currently schedul ed |ease sales. The
implications of these production streams on the nation's supply-and-
demand picture are examned for the target years 1980, 1985, and 1990
Also, the capital requirements for support of exploration, devel opnment
and production are analyzed. The total U S. OCS has been subdivided by
BIM into 17 areas (Table I11-1).

2. Methodol ogi cal Approach

The main direction of the methodol ogi cal approach is based upon the
notion that production volumes, unit costs ($/ barrel, $/ MCF), devel opnent
capital and time requirements are very sensitive to the size of individua
fields encountered in the area under analysis. As a consequence, the
anal ysis performed for this study projects the size and rate of fields
found and devel oped each year as a function of the areas |eased and the
resulting exploration activities. For such an analysis to be valid, the
technical costs for each required activity are assenbl ed based upon the
technol ogy which is forecasted to be enployed for a particular field size
in a particular ocs area in a given year to produce annual cash flow
streams associated with the ultimte production of a field. Since

an OCS area may contain a nunmber of fields, some of which are being

devel oped and produced sinultaneously, all costs and production

streans are aggregated to allow projection of average val ues of

unit costs and production volumes from an area. From the analysis,
“mninum economc field sizes” are projected for the individual areas.
When projecting the OCS costs, throughout this study, any economc rent
interms of |ease costs was excluded to yield the mni mum possible costs
of oil and gas fromthe CCS.

There is considerable uncertainty associated with the total resources
available from OCS areas, as well as with how these resources may be
distributed over different sized individual fields. In order to project
the total expected costs and production streams, a |arge nunmber of equally
likely scenarios were simulated of distributions of resource estinates,
structure sizes, and the degree to which the structures are filled

wi th hydrocarbons.
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A data base was assenbled from private industry sources on possible
technol ogies and their costs, fromgovernment agencies and private

organi zations on suppl y-and-demand projections and past exploration
experiences, and from U S. CGeol ogi cal Survey on CCS resource projections.

The inplications of new OCS production upon the national energy supply-
and-demand situation have been analyzed separately for oil and gas. For
both cases, a set of base scenarios were constructed for optimstic and
conservative projections of production fromonshore and existing OCS
reserves and inports and for the supply and projections of demands. The
triplications were examned in terns of changes in the satisfaction of
demands as a result of the introduction of OCS oil and gas under different
regul atory scenarios (for gas). The inplications were performed for the
target years of 1975, 1980, 1985, and 1990

An economni ¢ assessnment of the value of the OCS resource nust take into
account the tinme at which expenditures are nade and production becones
avail able. Hence, the assessnent nust include projection of the
industrial dynamcs of the exploration and devel opment process and nust
allow for the fact that conpanies, which are operating in a certain area,
are conpeting for a limted number of men, naterials and equi prment.

There is sone degree of uncertainty associated with nost of the cost

el ements for exploration and devel opment activities, all of which makes
the overall prospecting and policy environment risky and difficult to
manage.

In order to provide a suitable neans for projecting inpacts of alternate
scenarios about this uncertain environment, “ADL has devel oped a nethodo-
| ogical framework to allow for:

oInclusion of uncertainties surrounding the resource base
estimtes, assuned field-size distributions, unit equipment
and operating costs, exploration and devel opnent durations,
and inflation rates; and

«Presentation of the results of different assunptions about

the availability of men, materials and equipnent to sustain
the exploration and devel opment effort.
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This adopted approach permts the assenbling of aggregate cost estimates
from the individual estimated costs. The individual estimtes are made
for physical equipment units, such as platforms, and production equi pnment
and unit activities, such as the daily drilling contractor costs.

Est mates, made for disaggregated cost elements, insure that cost
differences, resulting fromvarying conditions, such as water depth in
tha case of platformcosts can be specified separately for each of these
physical units and unit activities. Further, disaggregation recognizes
the variability in inflationary tendencies anong cost elenments. The
result is an accurate estimate of aggregated costs. This approach
further provides a basis for analyzing the sensitivity in production
forecasts as a result of making different assunptions about potential
recoverabl e reserves and field-size distribution. In addition, the
ranges and |ikelihoods of occurrence of different inportant cost measures,
as functions of specific production scenarios, have been anal yzed with

indication of how these costs will be different for different external
condi tions.
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11. METHODOLOGY FOR PRAJECTING O L AND NATURAL GAS PRODUCTI ON AND

COSTS FROM THE UNITED STATES OUTER CONTI NENTAL SHELF

A OVERVI EW

Only a relatively small part of the CQuter Continental Shelf (0CS) of the
United States has been explored and there is a high degree of uncertainty
about the levels of oil and gas resources which mght be present in the
different remining unexplored 0CS areas, the distribution of these
resources over different sized fields znd the production characteristics
of individual fields.

The basi ¢ approach of the sel ected nethodol ogy as discussed in this chapter
for projecting production volunes and associated costs for areas is to
project the total costs associated with eachindividual field on an an-

nual basis associated with the resulting production streams. This approach
has »een chesen since the experience,’” cost per unit of production is strongly
coupl ed witk the size, technology, and geographical context of individual
fie”ds and since it is expected that a wide range of oil and gas field sizes
will be discovered and produced under a w de range of possible circunstances
in each OCS area

An overvi ew of the analysis nethodology and its information flowis pre-
sented in Figure 11.1.

The analysis is built around a set of conputer-based nodel s which

« Simulate over a planning horizon beyond 1990 the dynanmics of the
expl oration, developnent, and production process of an OCS area
in general, and each explored field, in particular, subject to
equi pment availability constraints;

o Build up accrued costs according to type of expenditures for each
field;

« Project annual production of oil and gas of each field based upon
its size and devel opment program

« Account for uncertainties by use of “Monte Carlo” simulation to
simul ate each 0CS area a large number of times, each time with
a different, equally likely scenario which is sanpled from pro-
bability distributions by which the uncertain variables are ex-
pressed; and

« Project the U S. total energy supply-and-denmand bal ance by state

with and without 0CS oil and gas production for estimation of its
impact.
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R._ THE PAPAMETERS OF THE PROBLEM

The major objective of this study is to project future oil and gas pro-

duction and their associated costs on selected tracts of the U S Quter

Continental Shelf. For these purposes, the follow ng four sets of para~
meters have to be estinated:

1. An approximation of the zotal resourcebaseof oil and gas in the
general area of the specified tract and an estimate of the por-
tion of this total resource base that may underlay the tract itself.

2. A definition of the quality of the resource base in terms of its
expected field size distribution and in terns of its concurrent
parameters of producibility of the trapped hydrocarbons, i.e.,
depths of producing horizons and well productivities.

3. A description of the physical environmentof the tract as to pre-
vai ling weather conditions in its area, water depth, seasonal weather
patterns and ot her parameterswhi ch are necessary toassess the
type of technology required for exploration and field devel opment.

4. Finally, an assessment of the availabletechnologyand of its cost
for exploration, developnent, and production of the specified tract
given its “quality” and its physical environnent.

Al'though a correct analysis of potential production requires the determna-
tion of all the parameters indicated above,-most of the values are not
known with certainty. There are different levels of uncertainty associated
with different parameters and therefore, a methodology has to be adopted
to quantify the uncertainties and, subsequently, to aggregate the uncertain
variables and parameters into estimates of production and production costs.
As a consequence of the probabilistic (uncertain) nature of the input data,
it can be expected that the projected production levels and costs will be
equal Iy uncertain and, hence that they, nust be defined in a probabilistic
sense.

Some paraneters can be determned with a higher degree of confidence than
others. The uncertainties present in the estimtes of the quality of the
resource base in ternms of field size distributions and production char-
acteristics of the fields itself are much larger than the uncertainties
inherent in the estimtes of exploration and devel opnent costs for specific
tracts. To allow for this difference in levels of uncertainty, the follow
ing two-step approach was used in forecasting potential production |evels
and their associated costs in the 17 different OCS areas consi dered:

Step |: Usingan aggregati on procedure for probabilistically-defined
information, determ ne expected production profiles.

Step I1: In a determnistic sense, calculate the production cost of
the specific tract under consideration.
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Step | utilizes geological and oil industry information, including the
uncertai nty surroundi ng naj or variables, such as:

the size of the area which can be expected to be |leased by com
panies, i.e., a tentative definition of the area to be |eased,;

the size of the total resource base;
the expected field size distributions; and

the exploration and devel opment prograns which conpani es can be
expected to undertake

Uncertainties inherent in estimates of the size of a resource base and

of field size distributions are so large that they should be properly

al l owed for when used to derive projections of possible production |evels.
This was achieved by the use of the nethodol ogy of stochastic (or Mnte
Carlo)* sinulation which allows for the aggregation of probability distri-
butions of complex processes. The application of this methodol ogy results
in a probabilistic, rather than a deternmnistic, estinmate of resulting

oil and gas production from opening OCS areas to exploration and develop-
men t. Coupled with the results of Step Il an estimte can then be derived
of how muchcapital may be required over future years to sustain these
exploration and devel opnent efforts.

In order to be able to perform Step I, exploration, devel opnment and pro-
duction costs have been developed for a certain field size, as a function

of :
the required technol ogy,
environnmental paranmeters (water depth, distance-to-shore, etc.),
the capital cost of the industry, and
the fiscal reginme of oil and gas production in the US.

These cost functions take th2 form of the exanple in Figure 11.2. It

will be readily =zpparent that, under a given set of assuned parameter
values, there is a mnimum field size bel ow which devel opnent becones
unecononi ¢ under prevailing market prices for oil and gas. The deter-
mnation of this “mnimumecononic field size” under current econom c con-
ditions and for the various arsas of the OCS is an inportant resuit of this
study. A nore detailed description of the issue of mnimmecononic field
size can be found in Section II.E.

*

For explanation =f the tectnioue of Monte Carlo sinulation, the reai=r
1s referred t0 Hammersley, J. M, and Handscomb, p, C, . Momte Car .-
Methods, Met huen & Co. tt4., London, Wiley, New york 196z,
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Prices for oil and gas can change dramatically in the | apse of tine

bet ween discovery of a new field and first production. This inplies
that conpanies will have to make their decision to go ahead and devel op
a new y-discovered field based on their projections of price and cost

| evel s expected possibly as nuch as seven years hence. If they expect
future prices in real terms to be higher or costs to be |ower than at
the time of discovery, those fields that are considered to be subnargina
under existing price/cost conditions will still be developed. On the
other hand, if conpanies expect future prices to be lower or costs to

be higher than at the time of discovery, then fields mght not be

devel oped which would be economi cal to produce under present cost/price
conditions. For the purposes of this study, projections have been made
of probable future production levels under different cost/price scenarios
to indicate the increase in production which can reasonably be expected
at higher than current price |evels.

c. RESOURCE ESTI MATI ONS

In general, only part of all the oil and gas fields present in a particular
area are nmade accessible for exploration drilling through a |ease sale;
private conmpanies bid for rights to explore and produce on specific tracts.
The bids may be based on good information obtained through seismc investi-
gations about the presence of structures, but at the tine of the bid no
substantive information is available about the presence of oil or gas in
the structures. The best a potential bidder can do is to assume the pre-
sence of oil and gas based on analogies with resource bases that have been
devel oped already. Consequently, conpanies, in their bidding procedures,
will first concentrate on so called structural traps, the presence of which
they know through their seismic work. Secondly, companies will concentrate
on the larger structures, since these hold promise for the largest fields.
In this analysis the industry dynami cs of exploration, devel opment and pro-
duction activities in offshore areas is sinulated with allowance nade for
this particular aspect of offshore exploration in conjunction with the un-
certainty of the geology of the resource base.

In order to sinulate a particular exploration environment of a certain
geographical area, e.g. the North Atlantic, estimtes are needed of the
total resource base which is expected to be present in the area and of the
expected distribution of field sizes in that particular resource base.

One conplete iteration in the sinulation process for a certain geographic
area is carried out as follows (see also Figure 11.3) in order to create
our resource scenario:

1. Sample the distribution of expected total size of the resource
base. This distribution reflects the uncertainties about the amcunt
of oil and gas which nay be present in an area. A typical dis-
tribution may toke the form of the example in Figure 11-4

for oil. A similar distribution is available for gas. The
result of this . ingle <zmopling IS the determination
11-6
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of the total anount of oil (and gas) present in the resource base
for this particular scenario. The single sanple is drawn at random
but in such a fashion that the chance for a particular value to

be drawn follows fromthe probability distribution as shown in
Figure 11.4. Conversely, this inplies that if nmany sanmples are
drawn, in subsequent iterations, the total of all those sanples
will constitute a distribution such as the one in Figure 11.4,

the probability distribution of the likely size of the total re-
source base for the area being anal yzed

The next step, ir, the process of building up one scenario of a
conpl ete exploration and devclopment program for a certain area,

is to allocate the praviously determined oil and gas resource base
over structural traps of different sizes which then contain either
oil, gas or nothing. This is achieved by sampling the genera
structural trap size distribution as derived for this area using
estimates for the average success ratios in terms of the nunber

of dry versus successful exploratory wells and for the nunber of
welle required to explore a structural trap of given size and com-
plexity, the conditional probability of the particular trap being
dry is then established. Through use of the Monte Carlo technique
it is decided whether the trap is dry or not. If not dry then the
amount of oil or gas present in the trap is obtained through sanpl -

ing of a fill-factor distribution. Structures, if not dry, will
be filled with oil or gas depencing on which of the two remain-
ing resource bases is the largest. The fill-factor deternmines the

average amount of recoverable oil and gas per unit area Present in
the trap; i.e. it is a proxy for the-richness and recoverability
of the oil or gas reservoir contained in the trap.

At this point the total number of structural traps present in the
area have been determined, some of which hold theentire resource
base in terns of recoverable oil and gas while others are dry.
The actually | eased area, though, contains usually only a frac-
tion of the total resource base present in the general area.
Hence, as a final step, the leased area is filled with structures
starting with the largest, sone of which will contain oil or gas
and sone of which wWill be dry. The result is the establishnent
through simulation, of aconplete exploration anddevel opment
environment scenario in the area under study and predicated upon
the anount of resources assumed to be present in that area

This environment will be subjected to an exploration and, eventually,
to a devel opment program  Total yearly production and the associated
production costs will be calculated under various assunptions about
the market price of oil and gas. The latter assunptions are neces-
sary since total production of a lease is a function of the price

to be obtained for the oil and gas. High prices will render high
cost production of small fields econonically viable, production

that would not be obtained at |ower market prices.
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This particular iteration is finished with the calculation of production
| evel s and costs. The paraneters and results of the calculations are
stored and the entire sinmulation procedure is repeated a | arge nunber of
times to project the production streans and costs under equally probable
scenarios. The results of all iterations are distributed according to
frequencies of occurrence, e.g., as shown in Figure 11.5:

28
23
15
9 10 10
—
5
1 2 3 4 5 6 7 8
Total (cumulative) Production of G| Obtained within
Each Scenario (billions of barrels)

FIGURE 11.5 Frequency Distribution of
Cunul ative Production from
100 Scenari 0s
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F ,.re 11.5 can be interpreted as follows:

After a total of 100 iterations (100 scenarios), the calcul ation procedure
obtai ned cumul ative production levels between one and two billion barrels
in five iterations, i.e., in 5% of the cases. It obtained [evels of
production between four and five billion barrels in 28 of the 100 itera-
tions, i.e., in 28% of the cases. These results can also be expressed as,
for instance, a chance of 28%to obtain production |evels between four and
fiwe billion barrels, etc. Another way to express the results is in a
cunul ative sense, e.g., there is a 95% chance to obtain a production

level of two billion barrels or less; there is an 86% chance [100 - (5 + 9]
to obtain a |evel of three billion barrels or Iess, etc. This can graphic-
ally be shown as a cunulative distribution (Figure 11.6):

/

/

Probability (in %) that the Production
Level Will Exceed the Amount Indicated.

Total Production Levels of Gl (billions of barrels)

FIGURE 11.6 Cumul ative Distribution of Total Production
Level s which nay be Expected fromthe Area
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The production levels of twoand three billion barrels in this
exanple are also said to be the production of the 95%and 86%

“confidence levels,” respectively.

In the analysis itself, production and capital expenditure levels as m ght
result froman acceleration | ease sale schedule through 1978, are projected
for the different 0CS areas at confidence levels of 5%, 25% 50% 75% and

95% respectively.

D.  SIMULATION OF EXPLORATION AND DEVELCPMENT EFFORT

Once the exploration environnent of the | eased area has been defined in
terms of a list of various-sized structural traps, each one of which is
either filled With oil or gas or is enpty, ADL's Basin Devel opnent Mbde

is used to sinulate the subsequent exploration and devel opnent effort.

For this iteration, this sinmulation results in a determ nation of the ex-
pected value of total production and of total production costs at various
price levels for oil in the U S. market. Price level scenarios are a neces-
sary condition for production and cost calculations since ultimte recovery
depends upon the price obtained for the marginal barrel. As stated earlier,
high prices will justify the recovery of high cost oil and thus will ef-
fectively increase total production of a given resource base; the reverse

reasoning holds true for low prices.

A conplete exploration and, if successful, a subsequent devel opnent effort
are then sinulated in the follow ng chronol ogical steps (see also Figure

11.7):

1. Take the largest structure off the list of structures underlying
the area. Determine its distance to shore, the water depth at
its location and the depth of the target formation.

2. Drill explorator, wells. The results of this drilling should
help in the determ nation of whether the structure contains any
commercially producible oil or gas or whether it is dry. The
nunber of exploration wells to be drilled depend on

the size of the structure;

the way of devel opment of the structure, that is, whether it

i s devel oped tract by tract or whet her conpani es owning the
tractpool their exploration efforts. Pooled efforts usually
result in a smaller nunber of exploratory wells, since
informaticn c¢n ciem s exchanged;

theratioet the area containing reservestothet ot al
aresa of the stiuciure.

Drilling of these exnloration wells is constrained by th.
availability of exploration rigs in the total leased a-es
in «ny vea-. :Iven estimates Of how long it will take
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Take Next Structure

) 1
4
Determ ne Distance to Shore; Water
Depth; Depth of Target Fornmation
‘ Cal cul ate
Drill Exploration Well Expl orati on
| Drilling Costs
(ES Structure
Dry:
No Cal cul ate
Drill Appraisal Wlls }p———s ~Appr ai sal
‘ Drilling Costs
Fina M ni mum Deternmine Size of Field:
Requived Prices Recoverabl e Reserves, Well
For This Field Productivity, Required Well Spacing

Order Platforns and Pipeline or SBM

Construct and Install Platforms; Cal cul at e
Production System Pipelines and
SBM and Onshore Ter ninal

|

- cost of
Platfornms, Etc.

1 Cal culate
. cost of
Drill Devel opment Vells l—’ Devel opment
Drilling, Etc.

. Cal cul ate
Produce Field Until Reserves Field and Pipeline
Have Been Exhausted Qperating Costs

FIGURE 11.7 Simulation of the Exploration and Devel opnent
Effort and Cal cul ati on of Associ ated Costs
and Production for a Leased Area
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drill an exploratory well in the area and how | ong the
exploration drilling season is expected to be, the simulation
wi |l calculate how many years of exploration drilling wll

be required to conpletely explore the particular structure
under analysis. The costs associated with the exploration
drilling are calculated and stored for future use.

3. If the structure is dry, the next largest structure will be taken
off the list of structures for the |eased area and sinulation of
exploration drilling on this new structure will be done in exactly
the same manner as described before. This inplies that exploration
on all structures in the leased area will start in the first year

if enough rigs are present in the area to drill each of these
structures. [f not enough rigs are present in the area, then
drilling will have to wait until drilling on other structures
has been finished. In that case, the largest structures in the

| eased area are drilled first because the simulation selects them
first, reflecting the fact that the industry shall want to know
whet her the largest structures in a |eased area contain any oi

or gas before spending their exploration dollars on the smaller
structures which have a | ower chance of containing economcally
producible oil or gas. If a predeterm ned number of successive
structures is dry, the exploration effort in that area will be
halted to reflect the fact that conpanies wll not spend any nore
exploration dollars if the chances of finding oil or gas in re-
mai ni ng undrilled structures becones increasingly small

4, Subsequently, a nunber of appraisal wells are drilled, the timng
of which depends upon rig availability simlar to the timng of
exploration drilling. Exploratory and appraisal drilling are
done with the same type of rig. Appraisal drilling is performed
on structures with proven reserves, ainmng at delineating the
field contours. Again, the costs associated with appraisal drilling
are calcualted and stored for future use.

5 If the explored structure contains any oil or gas, the production
characteristics in terms of the average well productivity, depth
of producing formation, and well spacing required for devel oprment
wells are specified. This specification can be based on average
conditions of similar structures or on specific information avail -
able for the structure under consideration. The information on
recoverabl e reserves, production characteristics, and location
of the field is used to find the m nimumrequired wellhead price
for oil that will justify the devel opment of this field. This is
achieved by means of previously-determned functions* that relate

*Deternined through the mnimumrequired price analysis (described
under Section IL.E).
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required price to field si-e for fields in certain geographica
areas and of a certain “quality.” Figure 11.8 shows an exanple

of one of these functions with identification of the parameters
governing the functions. Since each field has its own m nimum
wellhead price bel ow which devel opment is not econonical, produc-
tion and capital investnents are categorized for each field into
classes identified by their mninmm wellhead price. Hence, produc-
tion volunme and costs are put into categories with wellhead prices,
for instance, of $10/barrel or lower, $15/barrel or |ower, $20/
barrel or lower, etc.

After having simulated the drilling of appraisal wells to delineate
the field contours, the procedure projects the nunber of devel op-
ment wells required to produce all the recoverable reserves of the
field and the nunmber of devel opnent platforns needed to accommodat e
processing facilities for the expected production of the field

The capacity of the transportation systemto bring the production
to shore and the size of the shore ternminal is also then

det er ni ned.

In the case of vii, the transportation system can consist of a
pipeline or a tanker loading facility. In the case of a pipeline,
depending on the field size, the pipeline can be dedicated for this
field alone if the field is very large, or for linking up the
field production with a larger pipeline to shore accomodating
production from different snmaller sized fields. The sinulation
allows for the fact that pipeline and platformconstruction and
installation usually takes more than one year. The nunber of
platforns that can be constructed in any given year is linted

by the number and capacity of econstruciton sites. The nunber of
years required for appraisal and devel opment of a field and the
nunber of years between first discovery and first production are
thus correctly sinulated as being not only dependent on the |oca-
tion of the field, the size of the field, andtheproduction
characteristics but also on the assumed or expected availability of
drilling rigs and platform construction sites.

The costs associated with pipeline construction, with platform
construction and installation, and with the construction of the
gathering systemlinking up the different platfornms in a field
with the pipeline to shore are calcul ated separately by the pro-
cedure as these activities are sinulated over tine.

It shoul d be noted that production costs, as calculated at this
point for a given field, are simlar to the costs that were cal-
culated at this point for a given field, are sinmilar to the costs
that were calculated to find the mini mum econoni c wellhead price
However, the latter calculation was carried further into a comlete
cash flow analysis, taking into consideration the applicable tax
bur dens.
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MINIMUM REQUIRED WELLHEAD PRICE

Par anet er s:

- geographic |ocation
- average well productivity
wat er depth
- distance to shore
timeframe for devel opnent
expected return on investnent

Internal Rate
of Return on
Investment
10%Z Capital

FIZLD SIZE

FIGURE II.8 M nimum Required Wellhead Price
as a Function of Fieid S ze
(reswlts from M ni mum Required Price

tnalvsis)
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7. Once platforms are installed, development drilling can start.
Again, it will take time until all devel opment wells have been
drilled froma platform After devel opnent wells have been
drilled for a given platformand the transportati on system has
been constructed, production fromthe field can begin. The tota
production profile for the field consists of the production pro-
files of the individual wells as they are brought into production
after having been drilled. Qperating costs associated with field
production are also calculated and stored separately

Once the sinulation of exploration, appraisal, development, and production
efforts for the given field has been finished and the associated costs and
production profiles have teen cal cul ated and saved, the next structure is
selected fromthe 1ist of structures expected to be present in the area
under the present scenario and the entire simulation is repeated. This
cycle will continue until the list of structures included in the |eased
area is conpletely exhausted

T case several structures contain oil or gas, the sinulation of the ex-
pl oration, development, and production activities in the area will result
in production and capital expenditure profiles over tine for different
mninum price categories. In other words, the procedure will have cal -
cul ated how nuch annual oil and gas production and associated costs can
be expected at different levels of future oil and gas prices if, indeed,
the size of the resource base and its allocation over different sized
structures is assunmed in this particular iteration.

After a large nunmber of iterations, the procedure will have devel oped
a |ike nunber of production and capital expenditure profiles for each
of the assumed price categories where the production and capital ex-
penditure profiles will range fromzero (if there is a chance that the
area does not contain any oil or gas) to the highest production vol une
which mght be possible if, indeed, the largest estimted anount of oi
or gas will be present in the area.

E. MN MM REQU RED PRI CE

Some of the fields that might be found in the different Quter Continenta
Shelf areas considered in this analysis, if developed, will be profitable
under the present cost/price conditions; other fields, especially the
smal | er ones, mght not be profitable with present-day prices and costs
Besides, prices and costs may change relative to each other in the future.

Conpani es who decide to go ahead and develop a particular field in a
particular area will base their decision on what they expect price/cost
relationships, to be over the life of the field. The purpose of this study
was not to try and make a forecast of what pricef/cost relationships for

of fshore field expl oration and devel opnent can be expected to be. The
purpose was to show which production levels could be expected if future
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prices assume certain prespecified values relative to the cost of
exploration, devel opment, and production. For this purpose, the

M ni mum Required Price concept has been used, the MininumRequired
Price being that constant price over the life of the field at which
field production will pay for the devel opnent and operating costs of
the field with an allowance for royalty and tax paynments and for the
conpany’s capital costs

As shown in Figure 11.9, the Mninmum Required Price is the breakeven
price for which the present value of total yearly revenue (production
X price) is equal to the present value of all outlays, i.e., explora-
tion drilling costs, investnent costs in field devel opment and field
operating costs, having allowed for royalties and tax paynents.  Thus
the Mnimum Required Price is calculated as if conpanies would have
perfect information about the size and quality of the field which they
are going to find, the exploration drilling costs, and the devel opment
and production costs to be incurred to bring the field into production

Conmpani es neke this type of calculation previous to a | ease sale, when
they have to decide to bid or not to bid on a particular block. In
other words, if they find that the Mnimm Required Price for the
expected field size is higher than expected future price levels, they
wi |l rmost probably not bid on that particular block. |f they find

the Minimum Required Price for the expected field to be |ower than
estimated future price levels, they may bid on the block. Their maximm
bid can be expected to be the difference between the M ni num Required
Price as calculated and the percelved future oil price. I n theory,

soci ety would thus reap the maxi mum econonmic rent. On the margin, where
the Mnimum Required Price as calculated for the expected field is equa
to the estimated future price levels, they can be expected to bid with a
zero cash bonus. The Mninmum Required Price, therefore, allows for
showi ng what the smallest field size is in a particular area which
conpani es would be willing to look for at that price |evel

Exploration costs were only nominally allowed for in the calculation of
the Mninmum Required Price. Costs included in the Mninum Required Price
cal culation were only costs required for field exploration, devel opment
and subsequent production as estinated to be necessary when nmeking the
bid/no bid decision prior to the |lease sale. Expenditures which have
already been made, i.e. , the seismc and geophysical survey costs and
the exploration drilling costs for dry blocks were not included. The
latter expenditures can be regarded as a necessary cost of being in

the oil business. The total return on capital has to be sufficiently

hi gh torepay these costs. Hence, it is the analyst’s assunption on
required returns which results in a nore or |less correct calculation of
mninum required prices. The analysis is performed with various assuned
rates of return, allowing sone insight into the sensitivity of this
vari abl e.
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W THOUT INFLATION/DEFLAT ION

| B

Step 1 PV[ (PRICE X PROD) X (I-TAX) X (1-RYLTY)]®

+ ) +
PV(EXPtax) PV(DE\taX) PV(OCtaX)

. hY
Step 2: oRl e = PV(EXPtaX, + PV(DEVtaX) + PV(OCtax)
B PV{PROD X (|-TAX) x (1-RYLTY)]

WITH INFLATION/DEFLATION

Step 1: PV[(PRICExINFLx PROD) x (I-TAX) X (1-RYLTY)] =

+ 7 +
PV(EXPtax) PV (DEV tax) PV(OCtax)

Step 2: PV(EXPt:aX) + PV(DEvtax) + PV(OC )

tax
PRICE = 5y[PrROD X INFL X (1-TAX) X (1-RYLTY)]

PV = Present value operator

PRI CE =  Mninmmrequired price

PRCD =  Arnual production

TAX = Tax rate

RYLTY = Royalty rate

EXPtax = After tax exploration expenditures
(having allpwed for deducti bl es)

DEV = After tax investment and expenditures

rax in field devel opment
0C, oy = After tax field production costs
| NFL = Annual rate of change in PRICE

relative to exploration, devel op-
ment and production costs

FIGURE 11.9 Calculating the Mninmm Required Price (= Price)
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Figure 11.10 shows a mininumrequired price schedule for the Qulf of
Alaska. This schedule allows for an estimtion of what the mnimm
econonmic field size will be if conpanies expect future prices to assume
certain levels relative to the estimated field devel opnent and produc-
tion costs. Using these price schedul es, which were devel oped for the
minimum economic field size analysis, the production for different
sized fields plus the capital expenditures required for exploration and
devel opment of these fields under different price scenarios were cate-
gorized. This categorization was done on two levels (see Table |1-1):

| The projections of future potential production |evels
and associated capital expenditures were grouped into
cl asses of increasingly higher prices for oil and gas.

Il Wthin each class the probability to reach certain
level s is indicated by noting confidence |evels between
5 and 95%

F.  PROJECTIONS OF FUTURE O L AND GAS PRODUCTI ON FROM ONSHORE
AREAS AND EXI STI NG OFFSHORE AREAS

In order to assess the relative inportance of expected production from
new OCS areas a forecast was nmade of future potential production from
onshore areas and fromexisting offshore areas at the state |evel.

For this »urpose, nean values for estimated undiscovered recoverable
resources for 75 petroleum provinces as obtained fromthe USGS were
assigned to the individual states and a high and | ow projection was
made of total production by projecting separately:

« Production from existing reserves;

« Production fromreserves added through revisions and
extensions to reserves existing in 1974;

e Production fromnewy discovered reserves; and

o Production fromreserves resulting from extensions and
revisions to newy discovered reserves.

An “optimistic” and a “pessimstic” production forecast was made in
order to establish a range within which the actual future production
| evel s can reasonably be expected to fall.

The optimistic produwticnfcrecast wasobtained assunming that econcmic
incentives would resalt in-an increase in discovery rates relative :o
1974 |evels. Under that scenario half (509 of the undiscovered
resources were assumed t0 be discovered within the next 25 years, =znd
all of the undiscovered resources were assumed to be discovered in <he
next 50 years.
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M. N MUM REQUIRED PR.CE (S$/B)
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TABLE |1-1

EXPECTED 0IL PRODUCTI ON OF THE EASTERN
PART OF THE GULF OF ALASKA (MMB/DAY)

1976 1980 1985 1990

Assuned Price: $4.50/Bbl
Confidence |evel 5% 0 0 0 0
25% 0 0 0 0
50% 0 0 0 0
75% 0 0 0 0
95% 0 0 0 0

Assumed Price: $7/50/Bbl
Confidence |evel 5% 0 0 359. 28 258. 02
25% 0 0 80. 88 60. 38
50% 0 0 0 0
75% 0 0 0 0
95% 0 ‘0 0 0

Assuned Price: $12.00/Bbl

Confidence |evel 5% 0 0 391. 72 284.56
25% 0 0 102. 80 71.56
50% 0 0 35.34 26. 34
75% 0 0
95% 0 0
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Ine pessimistic production forecast resul ted assum ng that a |ack of
economi ¢ incentives would result in relatively low, future, annual

di scovery rates, remaining at approximtely the same |evel as realized
in 1974,

G FUTURE DOMESTIC CRUDE O L AND NATURAL GAS LI QU DS PRODUCTION AS A
PERCENTAGE OF FUTURE REFI NI NG CAPACI TY

To assess the inpact on the nations’ energy supply/demand bal ance of
the expected future new OCS oil and natural gas |iquids projected by
this analysis, it was estimated how much of the projected avail able
refining capacity would be required to process these additional pro-
duction streams in the major refinirg centers of the U S

Refinirg capacity utilization in 1974 for 16 different refining centers
ard the relative amounts of crude oil and natural gas liquids from
different donestic producing areas used in these refining centers were
obtained from Bureau of Mnes Statistics

P ajections of future refining capacity up to and including 1980 for

these 16 refining centers were made, allowing for planned new construction
a: reported in 1975/1976. Refining capacity for the years 1985 to 1990
were assumed to remain at the same | evel as found for 1980.

Donmestic crude oil production as a percentage of refining capacity in

t he benchmark years 1980, 1985 and 1930 was cal culated for an optimistic
and pessinistic forecast of crude oil and natural gas |iquids production
for all the onshore and offshore areas in the United States, inciusive
and exelusive of production from mewOCS areas, assuming that refining
centers woul d continue to use the same crude slate of domestic crudes,
i.e., relative anounts of domestic crudes as used in 1974

H I MPACT OF 0CS PRODUCTI ON ON U.S. NATURAL GAS CURTAI LMENT POTENTI AL

In assessing the ability of OCS natural gas production to substantially
alleviate anticipated shortfalls in natural gas supply, three scenarios
of oCSnatural gas distribution anong states were exam ned todeternine
regi onal inpacts of both added supplies from OCS areas and the nmanner in
whi ch these added supplies night be distributed. Al scenarios follow
the Federal Power Conmission curtailnent priorities in allocating

avail able supplies first to residential and commercial users and |astly
to industrial users and electric utilities

The first scenario assunmed that all natural gas - fromonshore as well

as OCS production, inports, and other supplemental sources - would be
distributed among the states such that any shortfall in supply would be
shared proportionately among all states. The other two scenarios assuned
that producing states would retain as much of their onshore production
needed to satisfy state demand; surplus onshore production, COCS production
and other sources of natural gas would then be distributed nationally in
one scenario and regionally in the other.
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[I1. DATA BASE

A. GEOGRAPHI C | NFORMATI ON

1. CQuter Continental Shelf (0CS) CGeographical Divisions

The Bureau of Land Managenent (BLM) of the United States Department of
Interior has divided the Quter Continental Shelf (0CS) of the United
Stetes into 17 different geographic areas. These are presented in
Table 111-1 bel ow

TABLE [11-1

OCS_GEOGRAPHI C_AREAS

OCS Area Nunber Desi gnati on

North Atlantic
Md-Atlantic

South Atlantic

MAFLA (Eastern Culf of Mexico)
Central Gulf of Mexico
South Texas

Southern California
Santa Barbara Channel
Northern California
Washington - Oregon
Lower Cook Inl et

@l f of Al aska

Scut hern Al eutian Arc
Bristol Bay Basin
Bering Sea

Chukchi Sea

Beaufort Sea

[N T Y TN
~NO OB WN R OWow—Io T W

Throughout this analysis, Areas 5 and 6 (Central Gulf of Mexico and
South Texas) have been consolidated since their oil and gas resources
were estimted as one area by the USGS in the source naterial used for

this study. The OCS areas have been consolidated into seven major areas
for summary of production projections as shown in Table I11-2.
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TABLE 111-2

CONSOLI DATI ON OF OCS AREAS FOR PRODUCTI ON SUMVARI ES

Consolidated Area . OCS Area

Atlantic Coast Areas 1, 2, and 3
Qul f of Mexico Areas 4, 5, and 6
Pacific Coast Areas 7, 8, 9, and 10
Qul f of Al aska Areas 11, 12, and 13
Bering Sea Areas 14, 15, and 16
Beaufort Sea Area 17

2. OCS Ceography

Based upon information published in the OCS Environnental |nmpact Statenent*
the locations of the nost significant structures are known for the 17 CCS
areas. The estimates of the water depth and distance to shore are given
In Table I11-3 for the seven consol i dated OCS areas.

TABLE 111-3

ESTI MATES OF EXPECTED WATER DEPTHS AND
DI STANCES TO SHORE FOR CONSOLI DATED OCS AREAS

Consol i dated 0cs Area Water Dept h Di stance to Shore
(feet) (mles)

1 Atlantic Coast 400 75

2 Qul f of Mexico 400 75

3 Pacific 600 15

4 Gulf of Alaska 400 25

5 Lower Cook Inlet and 200 15

Bristol Bay

6 Bering and Chukchi Sea 200 75

7 Beaufort Sea 300 15

*Uni ted States Departnment of Interior: “Final Environmental |npact

Statenent Proposed Increase in Ol and Gas Leasing on the CQuter
Continental Shelf.”
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B. RESOURCE DEFIN TION

Substantial work has been performed by the U S. Departnent of the Interior
on the estimation of undiscovered recoverable oil and gas resources in

the United States. The results of that work have been presented in the
Ceol ogi cal Survey Circular No. 725* which was prepared for the Federa
Erergy Adninistration in 1975. Estimates contained in Geol ogi cal Survey
Circular 725 are based on the expectations of geologists and geophysicists
abcut the anounts of oil and gas that can be expected to be present in each
different OCS area. These are made in a probabilistic sense, showing the
chances that exist for different amounts of recoverable reserves of oi

and gas to be present in the area

Al though the USGS specialists did assune that the resources would be
present in structural traps and that they would be present in fields

| arge enough to make recovery technol ogically and economically feasible,
they did not include an assessnent of the nunmber and size of fields in
these estimates, in spite of the fact that nost of the areas considered
for future exploration have already been explored through seismc surveys
Tr: information contained in these surveys, however, is not available for
public review because it is the basis for evaluation and bid decisions of

the very conpanies that performed the surveys. In nost of the areas,
there is some indication of l|arger structures which are believed to be
present. For instance, in the Qulf of Alaska a very large structure is

reported to be present in the Icy Bay area and in the md-Atlantic a
structure of 72 square mles is believed to be present

To a large degree the present study relies upen the source material for
Circular 725 for its information on the likely probability distributions
for the oil and gas resources of the OCS. These estimates

were made through review of geol ogi cal and geophysical information on
more than 100 different petroleum provinces in the U S. and by applying
a subjective nethodol ogy for estimation of the resources of each potentia
petroleum province. These resource appraisals were based upon group
assessments by geol ogi sts and geophysicists and upon the application of
subjective probability estimates of the various paraneters. Monte Carlo
simul ation was used to provide aggregate estimates of the sizes of the
resource bases underlying the OCS 17 areas as defined by BIM.

Appendi x A contains the 17 resource distributions of oil and of gas that
pertain to the 17 Quter Continental Shelf areas as defined by the BLM
and as used in this study.

A sumary of the oil and gas resource estimtes used is shown in
Tabl e I1i-4 for the 17 0CS areas in terms of their mean and subjective
low and high estimates. The high estimate is specified at the 5% | evel

*CGeol ogi cal Survey Gircular 725, Geological Estimates of Undiscovered
Recoverabl e 0i1 and Gas Resources in the United States, USGS 1975

[1-3

Arthur D Little Inc



7-11T

AN (] 40Ul

TABLE 1II-4

ESTI MATES OF UNDI SCOVERED RECOVERABLE O L AND GAS RESOURCES
UNITED STATES OFFSHORE AREAS

(billions of barrels)

NATURAL GAS

(trillions of cubic feet)

VWater Depths of 0-200 Meters

95%

5% 95% 5%

(includes state and Federal Probability Probability | Statistical Probability Probability Statistical
__ lands) — Mean Mean
-L. North Atlantic 0 2.5 9 0 13.1 4.4
2. Md-Atlantic 0 4.6 1.8 0 14.2 5.3
3. South Atlantic 0 1.3 0,3 0 2.5 0.7
4,  MAFLA (Eastern Qulf of 0 2.7 1.0 0 2.8 1.0

Mexi co)

oo La'Tef;'Sf of Mexico 2. 6.4 3.8 17.5 93.0 44,5
7. Southern California 0.4 2.1 1.1 0.4 2.1 1.1
8. Santa Barbara Channel 0.6 3.0 1.5 0.7 3.3 1.7
9. Northern California 0 0.8 0.3 0 0.8 0.3
10. Washington - Oregon 0 0.7 0.2 0 1.7 0.4
11. Lower Cook Inl et 0.5 2.4 1.2 1.0 4.5 2.4
12. @l f of Al aska 0 4.7 1,4 0 14.0 4.1
13.  Southern Aleutian Arc 0 0.2 0.04 0 0.5 01
14. Bristol Bay Basin 0 2.4 0.7 0 5.3 1.6
15.  Bering Sea 0 7.0 2.2 0 15.0 5.1
16, Chukchi Sea 0 14.5 6.4 0 38. 8 17.5
17. Beaufort Sea 0 7.6 3.3 0 19.3 8.2
TOTAL OCS 26.14 98.4

cowries USGS estimates.




of confidence, i.e., thereis only a 5% (1 in 20) likelihood that the
actual resources, when found, will exceed the high estimate. The |ow
estimate is specified at the 95% | evel of confidence, i.e., thereis a
957 (19 in 20) likelihood that the actual resources, when found, wll
exceed the low estimte.

2. Field Size Distribution

Since no explicit information is available on field size distributions

in the new OCS areas, and since it is questionable if new areas wl|

have distributions which may be similar to analog areas or areas with
simlar geology, it was assumed that field size distributions in new
areas could be approxi mted by the empirical U.S. average field size
distribution for oil and gas fields. Figure 111.1 shows the distribution
of field sizes of the hitherto discovered fields in the United States.
Since fields smaller than 5 million barrels (oil equivalent) in all cases
may not be considered comercial on the CCS, a truncated distribution has
been used for the different OCS areas. Only the top 15% of the possible
fi~1d sizes shown in Figure 111.1 will be devel oped on the CCS since all
sx:1ler field sizes are bel ow the minimum econonmic field size under present
cr:t/price relationships.

3. Fill Factor Distribution

Ol and gas fields have different fill factors in terms of the average
nunber of recoverable barrels of oil per acre or average nunber of
recoverable cubic feet of gas per acre. In absence of know edge of the
specific fill factors which may be expected in a particul ar unexpl ored
0Ccs area, the U S. average fill factor distribution for giant fields has
been selected as a best estimate of the distribution of the fill factor
of OCS commercial fields. This distribution I's presented on | og-normal
probability paper in Figure 111.2. The mean of this distribution is
56, 750 bbls/acre and it has a standard deviation of the |og-normal
distribution of 1.344 under the assunption that it is log-normally

di stributed.

4,  Structure Size Distribution

The distribution of structure sizes (in acres) is not publically known

for the larger fields of the unexplored OCS areas. AnTavérdge structure
size distribution has been derived fromthe U S. average field size dis-
tribution (Figure 111.1) to serve as the basis for the present analysis
and the U S. average fill factor distribution (Figure 11.2) under the
assunption that both of these distributions are log-normal. The resulting
| og-nornmal distribution is shown in Figure 111.3. The inputed structure
size distribution has a mean of 31.2 acres and a standard deviation of the
log normal distribution is 1.013. The particular distributions for the
structural traps which have been used for the individual areas are given
in Table Il1-5. They have been based on the nininum econonmic field sizes
as established for the different areas in this anal ysis.

}
[11-5

Arthur D Little Inc



99.9

99.5
99

98

95

90

9-IIT

an

70

60
50

Distribution from 260
Flelds Above 100 mB inp
U.S. (1% of 26,000 fields

Source: Art hur

U] 4nyuy

total)
L —1L—-—- --—‘L
10 100 1, 000
M11lion
a = 6 064 Barrel s
D. Little, Inc. Estimate B = 2.37
Mean = 7.13 nbbl

FIGURE 111.1 Lognormal Distribution of US Gl Field Sizes




99.9

99.5
99
98

95

90

+lo
80

70

60
50
40
30

. ]
| N 4L
| )
10 100 1,000
Barrel s
Acre

¢ = 3.135 (In[- 1 )

B = 1344
k bbl

Mean = 56. 75 —
acre

FI GURE 111.2 Fill Distribution

Source:  Arthur-D. Little, Inc., estinates.

[1-7

Arthur D Little Inc



99.9

99.5 —
99

98 -

+lo . . v - —. . . . . . . .-
80

70

60

50
40 —

30

20
10 100 1,000

Acres

u 2.93
B 1.013
Mean = 31.20 acres

Inn

D gy s 1 . . . .
FIGURE III.3 U.S. Average Structure Size “Distribution

Source: Arthur D. Little, Inc., estimates.

I1I1-8

Arthur D Little Inc



6- 111

2up 3 g 4nyuy

Area nanes
1. Atlantic,
Pacific

@l f of Mexico,

2
2. Al aska Offshore

3.  Beaufort

Sea

“Assunming a minimmeconormic field size of 5 million barrels for the Gulf of Mexico,
15 million barrles for all

Paci fic,

t he Beaufort Sea.

2

Source: Arthur D. Little,

SIZE DISTRIBUTLON OF STRUCTURAL TKAPS AS USED
FOR AREA S| MULATI ONS *

(I'n square miles of surface area)

Cumulative Percentil es

0. L 5. 25. 50, 75. 95. 99. 100.
0.14 0.58 1.10 2.67 5.09 9.36 23.40  45.43 413.0
0.69 2.42 3.85 7.85 12. 94 20. 65 41.30  68.87 413.0
0.96 4.54 6.88 12.66 19. 27 28.91 55. 07 82. 60 413.0
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estimates.
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C. COST DATA

All costs in this study are presented in 1975 dollars except where

ot herwi se specified. The cost data base was devel oped frominterviews

wi th independent individuals and conpany representatives both in the
United States and abroad. In addition, a literature survey was performed.
The resulting data base contains estimates of all investnent and operating
costs fromearly seismic exploration activity up to delivery of offshore
oil and gas at shore based receiving facilities.

To allow for the wide range of different conditions which can be expected
inthe 17 different OCS areas it has been necessary to develop the costs
at a level of detail where changes in these costs, because of contextua
changes, could be allowed for properly. Consequently, this required the
data itens to be parametrized based upon our understanding of the

engi neering considerations and concepts on which the present day offshore
technol ogy is based

Apart from Upper Cook Inlet, none of the OCS areas of Al aska has had any
offshore field developnent. The special circunstances, such as the
extrene cold and harsh weather conditions, and other hazards not yet
encountered in known areas, such as floating icebergs or noving ice fields,
will require new platform designs and inproved field devel opnent techno-
logy . The costs of this improved technol ogy, as used in this study,

could only be estimated by extrapolation of the costs of known technol ogy
as applied in areas with harsh conditions such as the North Sea. For
this reason, the estimates which are presented here should only be taken
for ‘what they pretend to be: educated guesses of what it may cost to
explore for and develop ¢zl and gas fields v these new unknown areas,

Expl oration costs are broadly defined as all costs incurred before the
actual discovery of commercial oil or gas in a field. Devel opment costs
are all costs incurred to delineate a field and to install equipnent and
facilities necessary for production of that field including any transporta-
tion facilities and receiving termnals required to bring the oil and/or
gas onshore. Operating costsor production costs are costs directly
related with the production and transportation to shore of the oil and

gas.

Only seven of the 17 OCS areas, which have been analyzed in terns of
their rel ative econonics have, thus far, seen actual exploration

devel opment and production activities. These are areas in the @lf of
Mexi co and of fshore southern California. The econonics of exploration
and devel opment ventures of these areas are not directly applicable to
the 12 other areas because of differences in weather conditions and in
di stances to major supply centers for oil drilling and for oil producing
equi pment.  Several of these areas, the Qulf of Alaska for instance

wi Il require technology which, thus far, has not yet been used of fshore
the U S A
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W believe that the technol ogy devel oped over the past six to seven

yeers to find and produce oil and gas fields in the northern part of the
North Sea will be applicable to nmost of the frontier areas which the

Bureau of Land Managenent intends to open up for oil conpanies through

lez<e sal es over the next three years. W have, therefore, analyzed the
techni cal costs which the oil industry have experienced while operating

ir conditions typical for the North Sea and the Gulf of Mexico, respectively,
and these areas have been used as the two benchmark areas agai nst which

costs for the other frontier areas on the Quter Continental Shelf were

mescured.

Ceneral |y speaking, environmental conditions as they are encountered in

the Gulf of Mexico and offshore southern California can be considered the

| east severe for the U S.A  This, coulined With the fact that construction
sites and supply centers for equipnment are all located very close to these
arees, renders the @l f of Mexico and offshore southern California the
least costly in terms of unit exploration and unit devel opnent activities.
Compared to the rest of the United States, the Gulf of Mexico has
relatively small field sizes and relatively |ow well productivities

whi ch have resulted in fairly high costs per unit produced or per well

dr® led, despite the low overall costs.

The expl oration and devel opnent costs in the other OCS areas will generally
be higher than in the Gulf of Mexico and the area offshore southern
California. On a conparative basis they will increase going to the north
along the Atlantic and Pacific Coast, gradually approaching northern

North Sea costs, since the nore severe weather conditions which prevail

in the northern parts of the Atlantic and the Pacific are simlar to

North Sea conditions. The general expectation is that the Qulf of

Alaska will require even higher exploration and devel opnent costs because
of earthquake dangers in addition to the severe weather conditions and

the short working season.

Seismc conditions, such as earthquakes, are not a problemin the other
Al aska of fshore areas, but other problens, 1like the occurrence of

i cebergs and the question of how to prevent collisions between floating
i cebergs and fixed structures have, as yet, not been resol ved.

The timing of investnents and other expenditures for devel opment and
production of a field are very inportant when assessing the overall
profitability of a field. Estimtes have been made of the average
durations for the different areas for finding and devel oping different
Sized fields under different circunstances. As for unit exploration and
devel opment costs, the duration of devel opment activities will increase
northwards fromthe Gulf of Mexico area and the offshore southern
California area with their mld weather conditions and their proximty
to supply centers to the north along the Pacific Coast. The duration of
devel opnent activities inthenorthernareas will be close to or |onger
than the lead tinmes experienced in the northern North Sea and, as such,
will increase the econom c cost per unit produced.

)
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1. Exploration and Appraisa

Expl oration conprises all activities which conpanies undertake before
they deternmine if commercial oil and gas are present in a certain area
In the U.S., these activities can be broken down in two categories

« Pre-lease sal e exploration activities consisting of magnetic*,
graphimetric**, and seism c*** surveys, and

« Post-lease sale exploration activities consisting of exploratory
and appraisal drilling and more detail ed seismc surveys.

Conpani es buy | eases, through a cash bonus bidding system for the rights
to explore for and develop oil and gas on tracts which generally have a
size of three square mles or 5 760 acres

Seismic surveys are by far the mostinportant of the three pre-lease sale
type of surveys nentioned in providing conpanies with the first informa-
tion about the type and size of structures underlying 0CS areas for which
BLM has announced a particular |ease sale, The cost of these surveys is
usual |y shared anmobng several conpanies, which, thus, obtain the sane
basi c data about the area -- information which they interpret individually
This information gives the companies some indication about the possible

| ocation of oil and/or gas trapped in whatare usually called structura
traps. Table I11-6 shows an index of unit acquisition and interpretation
costs for geophysical surveys of the different areas offshore the U S A
Costs are listed relative to the benchmark area of the Qulf of Mexico

(index 100).

The exploratory drilling is perfornmed either froma platformwth |egs
which are adjustable in height, a jack-up, froma floating platform a
semi-submersible or from a special |l y-equi pped drill-ship, dependi ng on
the particular conditions in the areas. Drill-ships and seni-subnersibles
are generally used in waters deeper than 200-250 feet; jack-ups are
reserved for shallower waters

Construction costsof a jack-up rig in terms of 1975 dollars range between
$20-30 nmillion, depending on the particular area in which the rig will
operate. \Wen contracted by an oil conpany, the daily contract costs for

the rig al one are between $20,000 and $30,000. Additional costs are incurred
for supporting services such as supply boats which can cost $1,200 per

day in the Gulf of Mexico to $4,000 per day in Cook Inlet in A aska.

These costs, together with estimates of other costs such as casing and

*
Measures changes in the earth’s magnetic field occasioned by
discontinuities in the earth s crust.

*k
Measures changes in the earth’s gravity force.

k% k .
Measures the reflection of soundwaves.
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AN | NDEX OF MARI NE GECPHYSI CAL SURVEY COSTS PER LINE M LE

TABLE I11-6

FOR ACQUI SI TION AND FOR PROCESSI NG (11975)

Acqui si tion

Gl f of

Mexi co

Atlantic Coast

Pacific
@l f of
Chukchi
Bering

Beauf ort

Coast
Al aska
Sea
Sea
Sea*

(benchmark area)

Processing and |Interpretation

New Areas

Est abl i shed Areas**

*

Beaufort Sea costs are assumed to be the same as average
Canada | and costs because surveys on ice tend to be nore
like land surveys than like sea surveys.

%% . .
Interpretation of data from established areas requires
more of an effort because the |arge and obvious structures

have already been explored.

Sour ce:

Art hur
i nfornation,

D. Little,
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127
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127
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1136

95
130
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cementing costs, logging survey costs, drilling mud costs, helicopter
costs and nobilization and denobilization costs of the rig, are shown
in Table II1-7.

When drilling in deeper waters, conpanies will contract a sem -subnersible
or a drill-ship which is capable of drilling down to 25,000 feet in water
depths of over 1,000 feet. A large semi-subnersible till cost 40 to

50 million dollars to construct and equip, which inplies that an oi
conpany will have to pay $40,000 to $50,000* per day to the drilling
contractor. Costs for other supporting and special services and for raw
materials, shown in Table I11-7 can be another $20,000 to $30,000 for a
typical well drilled in the North Sea. Since as many as 120 days can be
required to drill an exploratory well (depending upon well depth) the
cost of an exploration well in the North Sea can be as high as nine
mllion dollars.

The nunber of days required to drill an exploration well is not only
dependent on the well depth and the particular formations which have to
be drilled through, but also on the prevailing weather conditions. This

is illustrated by Figure 111.4 where the rel ation between average sea
states and percent downtime per nonth and cost per foot for wells drilled
inthe North Sea is shown. It can be seen that the exploration costs

for the same type of well in the same area can fluctuate between one and
nine mllion dollars dependi ng upon whether the particular well is drilled

during summer or during winter.

The nunber of exploratory wells which are required to fully explore a
given tract of three square nmles can range fromone, in the case where
a very large and simple structure underlies the particular tract, to up
to three or four in the case of a nore conplicated geology as it exists
in the Gulf of Mexico, for Instance

The two factors of wide variation in individual well costs and disparity
in the nunber of wells required to fully explore a tract render it

i mpossible to determne the precise cost for exploration of tracts in
those OCS areas where drilling has not yet taken place.

If a discovery is nade and oil and/or gas are found in conmercia

quantities, further drilling is required with the help of the exploration
rig to further delineate the field. This field delineation or appraisa
drilling can require another three to six wells depending on the conplexity
of the geol ogy where the field has been found.

*Source: “Drilling Costs,” P. B. Jenkins, A L. Crockford; paper
presented at the Spring neeting, 1975, of the Society of
Pet r ol eum Engi neers of AIME held in London
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COST BREAKDOMN FOR A HYPOTHETI CAL 10,000 FT. WELL,
NORTHERN NORTH SEA DxILLED BY A CONTRACTOR RIG

TABLE |l |

-7

(Md-1974)
Ac+ ivity Cost Units cost $ % of Total
Preparation Mobilization/Demob. 147,000 3.9
Site Preparation 25, 000 0.7
Transport Rig Move 84, 000 0.9
Dri iling Contract Payments 2,000, 000 53.1
Installation Drilling Materials 11, 000 0.3
Runni ng Fuel 85, 000 2.3
Cu- '8 Sal ari es 30, 000 0.8
Mai nt enance 23, 000 0.6
Drilling Mud 154, 000 4.1
Material s Bits and Coreheads 48, 000 1.3
Casi ng 245, 000 6.5
Cenent i ng 41, 000 1.1
Eval uation Loggi ng 135, 000 3.6
Internediate Testing 15, 000 0.4
Misc. Eval uation 30, 000 0.8
Transport Sea 545, 000 14.5
Air 124,000 3*3
Over head 68, 000 1.8
Tot al 3,760, 000 100
Sour ce: Society of Petrol eum Engi neers of ALME, paper #SPE 5266,

"Drilling Costs,”
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Table I11-8 shows the range of total exploration and appraisal drilling
costs which a conpany may have to incur in the 17 different OCS areas
to fully explore and appraise a tract of 5,760 acres

2. Devel opnent

The ¢evelopment of an offshore oil or gas field requires:
a. The construction and installation of a production platform
h. The manufacture and installation of production equipnent

¢c. Drilling of producing wells &a.2 wells used for injection of
wat er and/or gas, and

d. The installation of facilities which enable transportation
of the oil and/or gas to an onshore term nal

Ol and gas require treatnent after they are produced and before they

car e moved by pipeline to onshore terminals. A conbination of
en7i-onmer.tal and economic considerations necessitates that the treatnent
be dJone on-site. This treatment consists mainly of separation of water
and hydrocarbons since “formation” water is usually produced along with
the oil or gas.

All of the equiprment required for treatnent of the produced fl uids,

toget her with other types cf equi pnent such as cranes, living quarters,

a power plant, conpressors, a helicopter landing deck, etc., is |ocated
on an artificial insland or platformwhich is standing on the sea bottom
or is floating right above the particular oil or gas field

The weight of the entire equipnment and facilities’' package may total uw

to two-tenths of a ton for every barrel of oil produced per day at peak
capacity. For gas production platforms, the total weight is approxinmately
one-tenth of a ton for every ten thousand cubit foot per day of peak
capacity.

Currently, the majority of production wells aredrilled fromfixed platforns.
The platform provides a stable basis fromwhich these wells can be drilled
and conpl et ed using deviation drilling techniques from which areas in

the reservoir, generally at depths between 5,000 and 15,000 feet, can be
reached as far out as one to three miles neasured fromthe vertical down
fromthe platform

The costs of fixed platforns increase exponentially with increasing water
depth and with increasing severity in weather conditions. Therefore, a
strong economc incentive exists to look for alternative ways to devel op
the oil and gas fields which lay under deep waters or which have severe
weat her conditions. In the follow ng section, the technol ogical costs

of the nore conventional type of field devel opnent using wells drilled

111-17

Arthur D Little Inc



TABLE [I1-8

RANGE OF TOTAL

EXPLORATORY AND APPRAI SAL DRI LLI NG COSTS
PER TRACT OF 5760 ACRES

(1975 §)

Vari abl e Fi xed Nurber Cost Per Cost Per

costs(1) costs(2) of Days W 11 Vel |'s Per Tract
AREAs ($1000/ Day) $MM/Well Days/\Well $MM/Well Tract SMM
Atlantic Coast 25- 35 .6- .7 20-100 1.1-4.2 1-6 1.1-25.2
(1,2,3)
Gulf of Mexico 25- 35 5- .6 20-100 1.0-4.1 1-6 1.0-24.6
(4,5,6)
California 25- 35 5- .6 20- 100 1.0-4.1 1-6 1.0-24.6
(7,8,9)
Oregon & 25- 35 .6- .7 20-100 1.1-4.2 1-6 1.1-25.2
Washi ngt on
(lo)
Al aska, South 50- 75 8- .9 30-120 2.3-9.9 1-6 2.3-59.4
(11,12, 13)
Al aska, East 40- 55 1. -1.2 30-120 2.2-7.7 1-6 2.2-46.2
(14, 15)
Al aska, North- 40- 55 1.1-1.3 30-120 2,3-7.9 1-6 2,3-47. 4
east
(16>
Al aska, North 40- 55 1.2-1. 4 30-120 2.4-8.0 1-6 2.4-48.0
(17)
Source: Arthur D. Little, Inc., estimates.
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and conmpleted fromfixed platforns are conpared with the costs of a newer
alternative using subsea conpletion technology and floating platforns.
Thi s latter type of devel opment has by now reached the prototype stage
ant! is being used in the devel opment of several North Sea oil fields.

The success of this technology will set the rate at which subsea conple-
tion technol ogy can be expected to be used in offshore oil and gas
development in the frontier areas of the U S. Technology for transporting
oil and gas fromthe field to onshore receiving termnals has also
uncevgone Significant changes and increasing water depth, nore severe
wea.1ler conditions and |onger distances to shore have resulted in
increases in costs for bringing the oil and gas onshore.

For gas, cost reduction for transporting the gas onshore is limted to

i mprovenents in pipelaying and burying techniques. Liquefaction at the
OCS 7ield site enabl es transpertation of the gas by tankers but may be

too costly rel ative tc present day prices of 50-60¢perMCF*Evenfloating
offsnore LNG plants will probably not be able to produce gas for distri-
bution at current U.S market prices. Also, the floating LNG plants
cur-ently under construction are intended for the relatively calm

en -; -onment Of the Arabian @Qulf and the Java Sea, where LNG tankers can
me.. al ongsi de.

For oil, tanker transportation to shore has been shown to be an attractive
alcernative conpared to pipeline. The costs for these two alternatives
are presented bel ow asa function of the maximm capacity of the trans-
portation system and the distance to shore.

a.  Platform

Figure 111.5 shows the various alternative platformconstructions which
industry is presently using or testing offshore.

The conventional steel jacket is the original type of platformof the
industry. In the Gulf of Mexico, steel jackets have been used for over
20 years in water depths of up to 350 feet while in the North Sea, steel
platforns in water depths of up to 450 feet have been installed.

Corecrete platforms were introduced in the North Sea to minimze costs
and delivery times. Concrete platforns, however, now cost at least as
much as steel platforns for the same water depth and weather conditions,
but they can include oil storage capacity of up to a mllion barrels for
a small additional cost (about 5%. In addition, they can accommopdate
production equi pment for capacities of over 200,000 barrels per day,
which is beyond the upper linit for steel platformdesigns for the North
Sea. They do, however, require a deep water inlet for construction.

It is expected that the size of concrete platforns (150,000 to 300,000
tons and requiring 70,000 to 80,000 HP for towing} renders it difficult

to tow themover the Atlantic Ccean for use off the East Coast of the

Us. Deep water inlets suitable for construction are not easily available.

*When this report was being witten wellhead prices of gas were still at a
maxi mum of 52¢/MCF. Since, the FPC per $ released that wellhead prices for
new gas nmay go up to $1.42/MCF. The final approval of these new higher
wellhead prices is subject to court discussions in suits brought by groups

whi ch oppose the price hike. Arthur D Little Inc
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The Canadi an East Coast (e.g., the Bay of Fundy) offers several potenti al
construction Sites for these platforms, although large tidal variations
may prove to be a problem

The only potential construction site for concrete platfornms on the Wst
Coast of the U S. is the Puget Sound at Seattle. It will, therefore, be
more likely that concrete platforms will be used in the devel opnent of
areas Of f the West Coast and off the Coast of Al aska.

In adition to the all-steel and all-concrete platform designs, there are
other designs which conbine concrete and steel each with its claimon

cost advantages over the all-concrete and all-steel designs. However,

as yet, none of these designs has been tested under field conditions

whi ch precludes any forecast abcut thefi cost. It can be expected, though,
that sonme of these designs will eventually be used in the devel opment of
offstore fields.

The guyed tower concept is now undergoing a small scale test in the Qulf
of Mexico to test this platformtype for devel opment of fields in the
verv deep waters in the Santa Barbara area off the coast of southern
Ca”- ornia. This tower design saves onsteel requirements for the Tower
by d'ssipating part of the wave and wind energy exerted on the platform
throagh the guidelines rather than through the structure Itself, as in
the case of a conventional steel platform The current experinental
stage of this platform concept precludes an assessnment of what Jtscost
will be. Exxon reportedly intends to use this type of tower in water
depths of 1500 feet.

The floatine platform used in conbination withsubseacompletions i s
another alternative which is used in the devel opment of certain smaller
fields in the North Sea. The obvious advantage is that the cost of
fabrication and installation of the platformis nuch | ess dependent on
the particular water depth in which it is being used. The sensitivity

of a floating platformto wave novenments requires that the wells be
conpleted on the sea bottomrather than on the platformitself. The
production fromindividual wells can then be conbined by a subsea

mani fold and delivered into the treatnent facilities on top of the

pl atform through one single pipeline orriser which, under severe weather
conditions, can be disconnected between the floating platformand the
sea bottom In spite of the limted experience with this type of

devel opment system for an oil field, enough cast information is available
to make a tentative conparison with the other nore conventional fixed
platform systens.

Pl atform Capacity and Wl | Productivity

The deck load of a platformis a function of the maximum design capacity

of the platformproduction equipnent. There can be large variations in
type and size of equipment used to treat a given amunt of produced
fluids, depending on whether these fluids are dry gas or gas with
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condensate, heavy crude oil with only a trace of associated gas or |ight
crude with a relatively high gas/oil ratio. In addition, it is possible
that the particular type of reservoir will require pressure maintenance
t hrough waterinjection and/or gas reinfection, which then will result
in additional equipment requirements.

The maxi mum capacity which existing platforms can acconmopdate is constrained
on the low end, by the maxi num nunber of production wells (nornally assuned
to be 40) and on the high end side it is constrained by the maximm

pl atform si ze which can be constructed. The largest steel platforns that
have been constructed for the North Sea are capable of accommodati ng
production equipment for up to 150,000 bbls per day of crude oil and up

to 200 nmillion standard cubic feet per day of gas in addition to water
injection equi pment for up to 300,000 bbls per day. Concrete platforms

now under construction for the Statfjord field will be able to handle up

to 300,000 bbls per day of crude oil and to treat and reinject up to one-
half nmillion cubic feet of gas per day in addition to reinfection of up

to 400,000 bbls per day of water.

The nunber of wells that can be drilled froma given platformwll depend
upon:

« the reservoir characteristics of the particular oil or gas
reservoir such as the porosity, connate water* saturation
permeability, and type of drive nmechanism

o« the height of the produced oil or gas colum in the reservoir;
and

. the average depth of the reservoir.

As shown in Table I11-8, the maxi mum area which can be produced from one
fixed platformis dependent on the depth of the reservoir. Under the
assunption that a deviated well can be drilled to an angle of up to 50"
with the vertical, the maxi num nunber of acres to be produced froma
single platformfor an oil field, typically found at a depth of between
5,000 and 10,000 feet, can range from 2,000 to 8,000 acres; for a gas
field, which will typically be found between 10,000 and 15,000 feet,

this can range from 8,000 to 18,000 acres

The nunber of wells which have to be drilled to produce the oil and/or

gas contained in the area shown in Table I11-9 will depend upon the wel
spacing, that is, upon the nunmber of acres of reservoir which can be
produced by one well. As nentioned earlier, this well spacing is nmainly

*
The porous spaces in nost reservoir rocks were originally filled with
wat er which was then replaced by oil and/or gas, leaving only a film
of water on the rock surface: the connate water.
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TABLE I11-9

MAXI MUM S| ZE OF AREA \WHI CH CAN BE
PRODUCED WITH DEVIATED WELLS DRI LLED
FROMl A SI NGLE PLATFORM!

Dept h of Maxi mum Si ze of Area Wich Can
Reservoir? be Produced Wth a Single Platform
(in ft. ) in Acres?

5,000 2,000

7,500 4,500

10, 000 8, 000

12,500 12,500

15, 000 18, 000

lassuming a maxi mum angl e of deviation with the vertical of 50°.

‘The range of 5000-10,000 ft. is representative for oil reservoirs,
whil e the range of 10,000 - 15,000 ft. is more typical for gas
reservoirs.

*The maxi mum size of a tract offshore U.S.A is 5760 acres or
three square niles.

Source: Arthur D. Little, Inc., estimates.
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a function of the type of reservoir fluid produced, oil or gas, and of
the reservoir characteristics such as the connate water saturation
porosity, perneability, and the driving mechanism It is beyond the
scope of our analysis to show how well spacing can vary as a function

of each of these paraneters. Therefore, we have used well productivity
and recoverabl e reserves per acre as two conposite paraneters with which

wel | spacing will vary

Using what can be considered to be a typical production profile for an

oil well with a producing plateau, at peak capacity, of about five years,
foll owed by a period of decline of 15 years at 15% per annum it was

cal cul ated what the well spacing would have to be at different val ues of
recoverabl e reserves ranging from 10,000 to 200,000 stock tank barrels

per acre. The results are shown in Figure 111.6 where the range of

values found in the Gulf of Mexico and the North Sea for well productivities
and recoverabl e reserves are indicated by shaded areas.

In asimlar fashion, recoverable reserves have been estimated for gas
reservoirs ranging from 50,000 to 400,000 mllion standard cubic feet

per acre and well productivities ranging from 10 to 80 mllion standard
cubi ¢ feet per day. For gas, a typical production profile was considered
with a peak production plateau of ten years followed by a 30-year period
of declining production, declining at an annual rate of 10% Figure 111.7
shows the results with indications of typical values for gas well spacings
in the Gulf of Mexico and in the North Sea

It should be noted from FiguresIII.6 and 111.7 that gas fields, in general
admit larger well spacings than oil fields. Gas fields have well spacings
between 500 and 8,000 acres per well, oil fields have nore typical well
spacings of 80 to 2,000 acres per well

Combi ning the information on range of well productivities, recoverable
reserves per acre and area of reservoir to be produced at different
depths fromone single platform one can estimate the range of platform
sizes that will be required in the unexplored OCS areas. In Figure
111.8, it is shown that full use of economies of scale for fixed
platforns by use of the maximum sized platforns which can currently be
constructed is only possible under exceptionally fortunate circunstances
where the oil reservoir is found at a depth of approximtely 10,000 feet
and with reservoir characteristics allowing very high well productivities
of around 10,000 barrels per day froma thick reservoir with recoverable
reserves of around 150,000 barrels per acre and total recoverable reserves
of 500 mllion barrels.
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Pl at f orm Fabricati on Costs

The much nore severeweat her conditions in the North Sea exenplified by
a design wave ranging from90 to 100 feet, conpared to the Gulf of

Mexi co, where the design waves are nore in the range of 60 to 70 feet,
requires much heavier structures for the same water depths. This can
be seen in Figure III.9 where it is shown that, for instance, in water
depths of between 200 and 400 feet, steel jackets in the Gulf of Mexico
require 10 to 13 tons of steel per foot of water depth conpared with
steel jackets in the North Sea requiring 20 to 38 tons of steel per foot
of water depth.

For conparison purposes, weight estimates for a steel jacket strong
enough to withstand weather conditions and earthquakes in the Qulf of
Al aska as shown in the same figure.

Figure I1II.10 shows actual and estimated construction costs of steel and
concrete sub-structures in various offshore areas, relative to the cost
of those structures in the benchmark area of the Qulf of Mexico.

In interpreting Figure 111.10, it should be realized that the deck |oads
which are. typically required for the Qulf of Mexico as a rule do not
exceed 20,200 barrels of oil a day, or 200 million cubic feet of gas,
while oil production capacities for platforns in the North Sea typically
range between 100 to 200 thousand barrels per day, or five to ten tines
as large.

For conparison purposes, we have also included in Figure IIL,10the
range of costs for the fabrication of sub-structures of jack-ups and
sem - subnersi bl es. Senmi - subnersibles are used in the North Sea in the
devel opment of two small fields, in conjunction with subsea conpletions.
In these cases, it has been found to be nore econonically attractive to
develop the relatively small fields of 50 to 100 million barrels of
recoverable oil with four or five wells drilled fram a seni-subnersible
and conpleted on the sea bottom and to produce those wells into
separation and treatnent equi pment |ocated on top of a converted

seni - subner si bl e*.

E3

Source: Jeronme C. Gordy, Windsor A. Thomes, Hamiltons ' Argyll Sem -
submersible/Production Riser Concept, paper presented in
the Spring nmeeting 1975 of the Society of Petrol eum
Engi neers of AIME.
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There is strong indication that in high cost areas such as the North Sea,
larcer flelds initially may be devel oped in this manner as well. In

thia case, subsea conpletion would be an internediate solution to obtain
moze i nformation about the actual reservoir characteristics and to obtain
por_.ive cash flow while waiting for the construction of the large fixed
platiorm which usually takes two to three years.

Co : data available for substructures which have been constructed or are
unce; construction for use in the North Sea indicate that the weather
lo=.” factor is dominant in the overall design. An analysis of platform
corstruction c0Sts as a function of capacity show that these fabrication
coss are relatively insensitive to capacity over the range from 50,000
to ‘10,000 barrels per day. However, it nust be realized that nost
des’gns for which cost estimates are sicwn in Figure 111.11 are still in
the prototype stage and that they most probably will undergo significant
co “ reducing improvements. This can be exenplified by the three plat-
for... which were constructed for the Forties field, where as a result of
de~'sn optimization, more than 25% steel was saved for the construction

of «he third platformin spite of the fact that the platformwas designed
for 450 feet while the first platform had been designed for 415 feet water
der - (See Figure 111.12). \hether platformcostsinthe future will be
re u ed by such engineering optimizations as conpared to costs in 1975
wi.. depend on how cost of |abor and cost of materials will change on the
supply and demand for platforns in general over the next few years.

Based on the analysis of platformconstruction costs for areas presently
under devel oprment, supplenented with the results of discussions with
industrial sources, the range of construction costs for different sized
platforns for the various areas on the OCS have been estinmated. For this
purpose, the 17 areas were classified into four regions as foll ows:

« The Gulf of Mexico and the Pacific Coast: OCS areas 4, 5,
6, 7, 8, 9 ami 10*;

« The Atlantic Coast: QCS areas 1, 2, and 3;

« The eastern Al askan Coast: OCS areas 14, 15 and 16 and the
southern Al askan Coast: OCS areas 11, 12 and 13; and

« The Beaufort Sea: OCS area 17.

As showmn in Figure 111.13, weather conditions are quite different in the
Qul f of Mexico as conpared witk the Pacific Coast. Maximum recurring
wave height and wi nd speed int:2GulfoMexico are considerably higher
t han anywhere al ong the U. S. part of the Pacifie Coast. In spite of
this difference in weather conditions, pl atform construction costs for
of f shore southern California are conparable with those for the Qul f of

*
BLM OCS area classification.
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Me% .co since platforns constructed for use in the waters offshore
sosthern California nust be able to withstand earthquakes. This results
in the use of platformstructures quite conparable to the structure.s used

inthe Gulf of Mexico with its nore severe weather conditions.

Figure 111. 14 shows how estimated platform construction costs change as
a ‘unction of water depth In the different areas. Figure 111.15 shows
hes platform costs are expected to change as a function of the reguired
tr :ment capacity for oil and gas. Eased on an inspection of the data
fc- gas platforms, it was concluded that the same platformsize wi'l be
rejuired for 10 MCF of gas per day as is needed for one barrel of il

per day.

The expectation is that platform structures to be used offshore northern
Ce? “fornia and offshore Washingion or Oregon will be conparable to the
stivctures used in southern California. Earthquake danger offshor.

We- ington and Oregon is considerably less than it is in southern

C: . fornia, but weather conditions are nore severe, especially during
tt- winter season, and it can be expected that platforns will have to

ar -mmodate | arger stocks of drilling material to enable continuation of
ti development drilling during periods of bad weat her.

The same argunent, that a high chance for long periods of bad weather
ir.cerfering with the supply of drilling materials will require design
for heavier |oads, applies also to the Atlantic Coast areas. lLence,
since weather conditions in these areas are nore severe as those in the
Qulf of Mexico it can be expected that platformstructures for these
areas Will be nore expensive than conparable structures used in the
Qul f of Mexico (see Figure 111.13).

Pl at form construction costs for the eastern Al askan Coast are expected
to be conparable with platformcosts for the northern North Sea. The
moving ice during the winter and springtime will require strong and
heavy structures, and the extreme cold will require the use of special
high grade steel. It has to be renenbered, though, that it 4is not
altogether certain that platforns will be used in these areas because
of the danger of collision with icebergs.

The most expensive platform structures will be needed for the southern
Al askan Coast where platform structures should be able to survive
earthquakes frequently occurring in the area, and weather conditions

whi ch are quoted to be even nore severe than those in the northern North
Sea area. If platformstructures will be used for field devel opnent in
the Beaufort Sea, then they can be expected to cost at |east as nuch as
structures used in the Qulf of Al aska.
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Pl at f or m Equi pment Cost s

The equi pnent on a production platformcan consist of:

« 011 treatment equi pnent, such as separators, to renove
the formation water and the gas produced with the oil; oi
metering and oil storage facilities and punps to nmove the
oil to shore through the pipeline or to a single-point
mooring buoy for transportation by tanker

oI f substantial volunes of non-associated gas are produced
a natural gas liquid plant to renove the condensate and
gas dehydrators to renpve the water fromthe gas;

«A water treatment plant to bring the concentration of
hydrocarbons in the produced fornation water down to a
prespecified level and, in the case of a large platform
a sewage treatnent plant, both of which are required to
comply with pollution control standards;

« A power plant and, in the case of gas production which is
not flared, gas conpressors

«In the case of water injection for pressure naintenance
purposes, salt water” treatnent facilities and injection

punps;
e Living quarters for personnel
«A helicopter deck;
« Hoisting and lifting equipnent;
«Fire-fighting and safety equipment; and
«Drilling equipnent.

Sone platforns al so have a flare stack to burn gas which is not being
reinfected or nmoved by pipeline. In cases where the volunmes of gas to

be flared are large, such a flare stack will be positioned at a safe distance
fromthe platformon a platformon a separate small structure. This
structure can be either a light jacket standing on the sea floor or a
floating tower attached to the sea bottom by an articulated joint. In

the Gulf of Mexico it is quite conmon to find the production facilities

on a separate platformnext to the platformfromwhich the wells have

been drilled and conpleted

Table III-10 shows the cost breakdown for a large platformin the North
Sea accommodating 32 wells, 12 of which are used for gas reinfection and
water injection. The construction equi pment has been sized to handl e,

up to 125,000 barrels per day of crude oil, 200 mllion standard cubic
feet of gas per day and 200,000 barrels of sea water per day, respectively.
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TABLE IlI-10

TYPI CAL NORTH SEA PLATFORM EQUI PMENT COSTS
(Capacity 125 MB/D G| 200 MMSCF/D Gas)

% Breakdown of

Total Costs
Ol Production Equi pment 25
Natural Gas Liquid Plant 20
Water Injection Plant 5
Power & Switch Cear 20
Living Quarters & Helideck 10
Hoi sting & Lifting Equi pnent 5
Fire Fighting & Safety 5
Drilling Equipnent 5
M scel | aneous 5
TOTAL 100%

'Mainly Radio Tower and Gas Fiare. .

Source: Arthur D. Little, Inc., estinates.
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Figure 111.16 shows actual and estimated costs, 1if still under construction,
for total packages of production equipment over a wide range of capacities
inthe Qulf of Mexico and in the North Sea. It will be evident that these
costs, for a given production capacity, can vary up to 30%  Production
equi prent costs for concrete platforns are considerably higher than
production equi pment costs for steel platforms because of the difference
in construction methods. Production equiprment and other facilities for
steel platforns are constructed as nodules, each nodul e wei ghing not nore
than 1,000 tons so that it can be lifted and fitted into its place on top
of the platform after having been transported to the platformlocation
when the platformstructure has been installed. In the case of a concrete
platform the production equi pment and other facilities are constructed

as one single package which is put on top of the concrete sub-structure,

at the construction site, before the complete platform is being towed to

its field |ocation.

The range over which production equi pment costs for a steel platformvary
for a given capacity, has been divided into four smaller ranges to allow
situational cost differentials as follows:

1. The production consists mainly of oil;

2. Q1 wll be produced with a substantial amunt of gas which
will be reinfected and/or transported to shore;

3. Minly oil will be produced and the reservoir pressure wll
be mai ntai ned through water injection; and

4, 041 will be produced together with a substantial amount of
gas which will be reinfected and/or transported to shore
and the reservoir pressure Will be naintained through water
i njection.

Thi s subdivision was based on a nore detailed assessnent of relative
costs for equipnent required for gas transportation and/or reinfection
and water injection. The largest part of these costs consist of punps
and gas conpressors for reinfection and/or transportation purposes.

PlatformInstallation Costs

Platferm installations can conprise 30%to 35% of the total platform
costs in the case of steel platforns and 10%to 15% in the case of
concrete platforns.

Steel jackets, such as the large ones used in the North Sea, will be
towed out of the construction dock while floating on special flotation
tanks, or will be loadedona barge as in the case of the smaller jackets
used in the Qulf of Mexico. The jacket will be towed to the installation
site with the help of four to six ocean-going tugs, where the jacket will
be put into an upright position while it is sinking to the bottom A
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tenmporary deck will be installed on top of the jacket, to accommopdate
the pile-handling units which will drive the piles used to fix the
jacket firmy 1in fts place. The tenporary deck will be removed when the
piling and grouting has been finished after which cap trusses will be
installed followed by the deck modul es weighing up to 1,000 short tons
each with the help of a large derrick barge. Wen this is finished, the
mechani cal and el ectrical hook-up can take place.

Thi s whole operation can take fromfour to six months, depending on
weat her conditions and unforeseen conplications during the installation

At |east one derrick barge will be required on-site during the installa-
tion of the jacket and mobdules and it costs between $70,000 and $150, 000
per day, depending on size. An example of the relative costs of the
different types of support equipment and activities during installation
of a platformis given in Table 111-11 where a breakdown is shown of the
installation cost for a 125,000 barrel per day platformin 450 feet of
water in the North Sea

It is assuned that the installation costs for a platformw || be between
30-35% of total platformcosts if the platformis installed offshore the
East Coast, offshore the West Coast or in the Qulf of Mexico. In these
regions, suitable construction sites for steel platforms can be expected
to be available within 500 mles fromthe areas where offshore oil or gas
fields may be found. To allow for the greater distances te the different
areas offshore Alaska, the transportation charges for the jacket and

deck nodul es are calcul ated on a per-tonnage basis to increase the tota
installation costs accordingly.

b. Subsea Conpl eti ons

Research and devel opnent work on subsea conpletion technol ogy has been

conducted since around 1964. Initially, the efforts were concentrated
on the devel opnent of “wet Christmas trees” which would nake possible
the drilling and conpletion of wells in those parts of the oil or gas

fields which could not be reached fromthe platform The considerable
increase in interest of the oil industry in devel opnent of offshore oi
and gas fields and the availability of technology and engi neering
concepts devel oped for the space program resulted in the devel opnent of
dry subsea conpletion systens. These precvide an atnospheric working
environment around the Christnas tree on the sea bottom, precluding
special training of oil production personnel for routine service and
mai nt enance work on individual wells. Reportedly, Exxon is working on
a renmotely controlled “wet” system
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TABLE 111-11
A BREAKDOANN OF PLATFORM | NSTALLATI ON COSTS FOR JACKET AND DECK

SECTI ONS FOR A PLATFORM ACCOVMODATI NG A PRODUCTI ON CF
125 MB/D OF Q'L AND, 200 MMCF/D OF GAS I N WATER DEPTH OF 450 FT.

% of Total Costs

Tenporary Wrk Decks! 3.0
Modi fy Barges 1.5
Derrick Barges 45.0
Cargo Barges 9.5
Tugs & Supply Vessels 10.5
Di ving 7.0
Pile Handling Units 2.0
G outing 0.5
M scel | aneous Installation 3.5
M&E Hook Up 16.5
NG Installation 0.5
Storage & Handling 0.5
TOTAL | NSTALLATI ON COSTS 100

Used for pl atform piling.

Sour ce: Arthur D. Little, Inc., estimates.
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Figure 111.17 shows different elenents of a typical “wet” subsea field
devel opment consisting of the subsea wel | head conpletions and a subsea
mani fol d eystem whi ch conbines the production from various wells into
one line, Through this line the production is delivered into treatnment
and separation equi pment on top of a floating platform and from there
into a tanker through a single-point nooring buoy. This type of system
which is now being used in a full scale devel opnent of the Argyll field
inthe North Sea in water depth of up to 420 feet, is operational to
water depth of up to 1,200 feet. The devel opnent of a subsea production
station, performing the functions now performed by the production station
supported by the floating platform will nost probably take at |east
another eight to ten years, mainly because of difficulties to supply the
power required to operate a production station on the bottom of the sea.

The economc incentive to use subsea conpletion systens rather than wells
which are drilled, completed and serviced froma fixed platform increases
exponentially with increasing water depth. The advantages of subsea

conpl etion technology are many:

oIt may allow the production of those parts of the field which
cannot be reached froma fixed platformbut which are not
| arge enough to justify the installation of another platform

« Subsea completionsmay be used to produce from appraisal wells
at the initial stage” in the developnment of a large field
before deciding on the exact plan for the full devel opnent
of the field. This would offer the conmbined advantage of

an early positive cash flow and of acquiring additional
information about the reservoir characteristics.

«Potentially, cne or nore platformstructures may be saved
in the full developrent of a large field. Only one platform
could be used to separate and treat the produced fornmation
fluids. This platformwould not necessarily be positioned
on top of the field but could be installed in shallower
waters close to shore.

« & nunber of snaller fields in deep waters could be devel oped,
using a floating platformas production station, when
investment in a large fixed platform canuot be econonically
justified.

When considering the costs of the completion of a subsea well and
conmparing these costs with those for a well conpleted on top of a plat-
form the follow ng increases in costs for conditions such as those in
the Qulf of Mexico can be identified:

o«Higher well drilling costs because wells will have to be
drilled using a jack-up or sem -subnersible which will be
more expensive thar. when drilling wells froma fixed platform
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« Additional equipment costs for the cellar* are estimated to
be approximately three quarters to one mllion dollars for
water depths up to 400 feet. For each additional 400 feet of
wat er depth capability, the cost will increase between

$50, 000 to $100,000.

«The installation costs for the subsea conpletion using a
speci al service ship which costs between $16,000 and $25, 000
per day in the Qulf of Mexico. The sane service in the North
Sea costs between $32,000 and $50, 000 per day.

« The cost of gathering lines and the cost of a subsea manifold
adds anot her $200, 000 to $300,000 to the total subsea
conpl etion cost.

The incremental subsea conpletion costs for North Sea conditions are
generally estimated to be between 1.5 and 2 tinmes higher than those for
the Gulf of Mexico. The total incremental costs for a subsea conpletion
for water depths of up to 1,200 feet in the Gulf of Mexico are estinmated
torange from1.2 to 1.8 mllion dollars and for the North Sea to range
from2.1 to 3.3 million dollars per well. These estimates of incrementa
subsea conpletion costs are shown in Figure III.18 together with the

pl atform construction and installation costs per well while assuning
that each platform woul d accommodate 20 producing wells. On the basis
of this comparison, subsea completions appear to become economically
attractive in the Gulf of Mexico in water depths between 400 and 650 feet
and in the North Sea in water depths between 2C0 and 300 feet. This
clearly illustrates that the nore severe the weather conditions and the
deeper the water, the nore attractive subsea conpletion technol ogy will

becone.

In the analysis of mninumecononmc field size, the extent to which .
application of subsea conpletion technology might help to nake otherwise
submargi nal fields econonically feasible projects has been shown.

Transportation of Production to Shore

There are basically two ways to transport oil or gas to shore. A
subnarine pipeline can be 1laid fromthe particular oil or gas field to
a receiving termnal onshore or tankers can be |oaded on-site at the
field which then transports the oil or gas to whatever receiving point
m ght be most feasible.

*This is the capsul e which acconmopdates val ues and connections controlling
the outflow of the oil and/or gas streans,
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For natural gas, on-site liquefaction would be required to allow
transportation by special LNG tankers. Both the liquefaction plant and
the tankers require large capital investments,which under current price
condi tions woul d not be economcally justifiable offshore the U S A

Al so, loading LNG tankers on the high seas would require solutions to

sone very special technological problenms, such as the design of a cryogenic
flexible hose. Liquefied natural gas plants are now being constructed

for use in the Persian Qulf and the Java Sea at the field site in offshore
areas; the very calmwaters in these areas greatly simplify the |oading
probl ems as conpared with simlar operation, for instance, in the Qulf

of Mexico. Therefore, in the present analysis (of mnimm econom c

field sizes) it is assuned that, so far, shipment of natural gas in the
formof LNG cannot be considered to be feasible.

For oil, the alternative of shipment by tanker has been proven to be
economi cally attractive under circunstances where econonmies of scale

t hrough use of large pipeline sizes to accomodate production of severa
fields cannot be used

Pi pel i ne Costs

Pi peline costs are broken down into material costs, punping station costs,
pi pe-layi ng and burying costs, and costsfor the shore approach. In
general, it is expected that pipeline costs in dollars per mile will
increase with increasing pipe diameter, weather severity, distance and

pi peline water depth.

Pi pe-1aying operations have to be suspended when wave heights exceed a
certain level, First-generation lay barges (see Figure 111.19) can only
operate when waves are |less than five feet; third-generation barges can
continue operating at waves of up to 15 feet.

The dianeter of the pipeline i{s mainly a function of the maximm through-
put expected and the maxi num pressure at which the oil or gas will be
punped. Figures 111.20 and 111.21 show optinumline sizes and their
costs for a given distance as a function of maxi num daily throughputs

for oil and gas |ines, respectively.

In the case of gas lines, where nore punping stations are required to
move the gas over the sanme distance as for oil, the economcs of the
optimum 1line size can be changed considerably by foregoing a punping
station and using a larger diameter pipeline. The increase in materia
and laying costs of pipes are then offset by the decrease in punping
station costs for which an extra platformis also required.

Steel costs can range between $500 and $1,500 per netric ton for the
steel depending-on the dianeter of pipeline, on the grade of steel used,
and on whether standard pipe is used or not. Wapping with tar paper
and coating with 0.5 to 3 inches of concrete can cost between $50 and
$150 per netric ton. Lay barges usually require adaptations for the
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specific job which can cost up to three million dollars for the third-
generation barges; nobilization and dempbilization of the barge which
depending on the distance over which the. barge will have to be moved
before it starts laying pipe, can be between $200,000 and two nillion
dollars; daily costa for a lay barge, depending on whether it 1is first-,
second-, or third-generation, will range between $70,000 to $170, 000
per day; bury barges will cost between $60,000 and $100, 000 per day.

The nunber of days that barges will be required to lay a pipe over a
certain distance will be a function of (1) the good weather laying rate
which currently is between one and twomilesper day for dianeters of

up to 36 inches in water depths of up to 500 feet; (2) the weather down-
time factor which, in the North Sea, is close to three, inplying that

the barge is waiting on weather or picking up abandoned pipe two out of
every three days; and (3) the material maintenance factor which is usually
taken to range between .65 to .75. The latter figures inply that

inspite of maintenance work during weather down-time 25%to 35% of the

good weather time still has to be used for maintenance activities which

interfere with pipe laying

Landfal | orshore-approach costs are nore conplex to estimte because
they are conpletely dependent on the shore conditions. Depending on
whet her the shore approach is a snooth, gently sloping, sandy beach or a
rough, rocky coast with outcrops which require renoval by underwater

bl asting, these costs can vary from$l nillion to $12 nillion

Figure 111.22 shows the range of line-mle costs for a 500,000 barrel-
per-day line and a 50,600 barrel-per-day |ine when different assunptions
are made for the distance-to-shore and the weather down-tine factor

Al four cost categories (materials, laying and burying, punping stations
and shore approach) show a consi derable range if we conpare a | ow cost,
200-mle long line with a weather down-time factor of one with a high
cost, 25-nmile long pipeline with the weather down-tinme factor of four
Total cost for the 500,000 barrel-per-day pipeline are shown to range
between .7 and 1.15 mllion dollars per line-mle while the total cost
for the 50,000 barrel-per-day pipeline are shown to range from.25 to
.75 mllion dollars per line-nile.

opti mum combi nati ons of pipeline size and nunber of punping stations
required for different 1ine capacities over different distances and

under different weather-laying conditions werecal culated with the aid

of a conmputer program The results of the calculations for oil pipelines
under what can be called typical North Sea conditions, with the weather
Jewn~time factor of three, are shown in the earlier referenced Figure 111.20.
It is assunmed in these calculations that the maxi num |ine-size which can

te laid is 42 inches even though the |argest sized lines which have been
l:1d to date are 36 inches. It is expected that laying of 42 inch line

=111 be possible with the third-generation barges.
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The inmportance of economes of scale in pipeline costs is clearly shown.
Aline with a capacity of 25,000 barrels over one hundred niles would
cost close to $1,500 per daily peak barrel capacity to be compared with
$200 per daily peak barrel if the line could be sized to accomrmodate
500, 000 barrels per day of oil.

To obtain a conparison between the alternatives of oil transportation by
pi peline and transportation by tanker, estimates of the costs for single-
poi nt mooring systems are shown in the same graph. The |ower estinates
shown are for a one-buoy system costing between $8 and $10 nillion which
in the production range of 50,000 to 100,000 barrels per day, would
require loading fromthe platformstraight into a tanker noored to the
buoy . For a range above 150,000 barrels per day, costs for an extended
loading singl e-point mooring buoy system were used. This system costing
bet ween $35 and $40 million, has a storage capacity of 300,000 barrels
which allows the field to continue production over a number of days if
the tanker cannot link up to the buoy because of adverse weather conditions.
A conpl ete conparison of the various types of transportation systens
requires analysis of cash flows which also allows for operating cost
differentials. This analysis is performed in the analysis of minimum
econonic field sizes

The results of simlar analysis of the total costs for gas pipelines

are shown in Figure 111.21. The sane assunptions were made about
materials and laying costs,” shore approach costs, and the weather down-
time factor. Fromthe results, it will be apparent that investnent in
the required pipeline will have to be about 25% higher if the same amount
of BTUs are to be transported over the same distance in the form of gas
instead of in the formof oil.

Tanker Costs

The decision to link an offshore field with shore-based facilities by
tanker, rather than through a pipeline, will be based upon considerations
of field size (i.e., maximum number of years of production), production
rate, cost of buffer storage, cost of pipeline construction, distance-
to-shore, and onshore facilities at landfall. Since the 0CS areas are
~ather large, substantial variations may occur in actual distances to

ve travelled, depending on the location of the well within the area and
upon the distance to the nearest receiving termnal. The transportation
from western and northern Al askan fields, OCS areas 14 through 17
warrants special considerations: Are pipelines feasible for part of the
-rip, i.e., to southern Al aska, or should tankers be considered exclusively?
As part of the data base for this study, the costs of oil transporation
by tanker from offshore |ocations to continental U S. ports have been
esti mat ed.

“he transpiration cost of crude oil by tanker can be expressed as a
mction of the distance travelled, the size of the tanker, aad operating
zz pacameters Of the site considered. These cost parameters vary =i -
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the flag of registration and with the year of construction and the ye. =
of operation of the tanker. Flag of registration for tankers operatirg
between the U. S. Quter Continental Shelf and U S. ports is, of necessity,
the L.f. flag (Jones Act). This inplies that all cost paraneters thz?
depeud uUpon the registration of the vessel, such as crew costs and

i nsurance costs, have to be calculated for U S. conditions. The year of
ship construction determnes the all inportant yearly capital charges
Due .n inflation in ship construction costs, older ships tend to be
cheaper than new ships, hence, ol der ships show smaller capital charges
than their younger sisters. W have assumed that new ships will be
used, i.e., we have made a conservative, high estimte of tanker
trans~oration COStsS.

The beildup of tanker costs is such that they are alnmost a linear function
of d: stance travelled for any one ship size. Deviation from exact

line. ity iS due to variations in payload for varying distance since
long,.. distances require nore bunkers to be carried, reducing cargo
carr_jng capacity. Hence, deliverability 1s a function of distance
travelled and the cost-per-ton of delivered oil increases slightly nore
tnar -opertionel with the length of the voyage. The other variable,

shir {ze, gives rise to the well-known economies of scale in shipping,
wher y costs-per-delivered-ton decrease disproportionately with the

size of the tanker up to a size of approximtely 250,000 dwt.

Figure 111,23 is indicative of the relationship between cost and distance
and cost and ship size, respectively.

T for: 19XX T
40,000 dwt
°
%}
I Ie]
o 80,000 dwt &
- (5}
[N U
= 250,000 dwt >
g z
= X
& <
—_— —_—
Di stance Ship Size

FI GURE 111.23 Shape of Functional Relationships Between “$/Ton
Delivered '[and “Distance” and “Relative Cost”
and “Ship Size”
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For the purposes of this study, we decided to calculaté%ﬁﬁppingcosts
for voyages of various lenghts and for a selected numbBeér of vesse!
sizes below 150,000 dwt, the largest size that can be handl ed by g%%ﬁ
port and probably larger than the |argest tanker that will be used-oh a
shuttl e service between offshore production and receiving ternnals.
Wth these calcul ated costs, graphs have been constructed (see

Figures 111.24 and 111.25) that show delivered crude oil costs as a
function of distance travelled one-way, with the ship size as a paraneter
Ship sizes not shown can be interpolated between those for which costs
are given. These graphs enable the rapid determination of tanker
transportation costs on any OCS routé for any tanker size considered.

The transportation costs associated with each ship size/distance
conmbi nation are considered to have two basi c conponents:

«fixed costs and

« voyage costs

The fixed costs of a tanker are independent of the trade she plies; the
voyagecosts depend upon both the tanker and the specific voyage

consi dered and have two basic conponents: bunker costs and port charges.
Bunker consunption data used in this analysis assume steam turbine

propul sion units, the dom nant source of power for U S. flag tankers.
Bunker costs have been estimated at $67.50/1ong ton in 1975.

Port charges have been assunmed nil at the loading ports, i.e., at the
0CS | ocations; port charges at unloading ports, have been taken as the
average for US. ports. It should be noted that port charges on a
yerlybasi s tend to becone significant for the short voyages from nost
0CS | ocati ons.

A1l fixed costs are stated in terms of 1975 dollars and the estimates
made take into account current operating and financing practices in the
Us. Operating practice is assuned at a |evel which might be encountered
with a maj or oil conpany.

The follow ng fixed costs have been consi dered:

« Crew Costs. These are as cal cul ated by MARAD, Maritine
Administration of the Department of Commerce using a
conput er image program which takes into account details of
a reamng conplement including overtime and fringe benefits.
New wage contracts that went into effect on June 16, 1974
and June 16, 1975 have been taken into account.

e Insurance Costs. These have been cal cul ated from estimates
of three components:

a. Hull and machinery insurance; covers accidenta
damage to the vessel
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h. Protection and Irdemnity insurance; covers such
risks as injuries to crew or shore personnel,
damage to third-party property, damage to cargo,
oil pollution, etc. Mst of this type of insurance
is witten through nutual ownership clubs, "P&I"
clubs .

c. Total loss insurance; covers the risk of |osing
the vessel.

e Maintenance & Popair Ccste. These are calculated for the ship's
md-life year and assume a practical level of ship upkeep.
Insurance costs reflect fleet operations with a reasonable
history of claim and average |levels of deductibles. The atter
are included in the M&R costs.

o Capital Costs. These have been based upon a review of published
prices for delivered and on order tankers from U S. yards. The
reported costs have been increased by 10% to allow for such
costs as interest during construction, financing fees, legal and
accountancy costs, etc.

o Miscellaneous Cccts. These include four principal items: shore
overhead, stores, lubricating oils and equi pment rentals.

Sone other operating parameters that have been taken into account are,
for exanple: a vessel speed of 16 knots, port times of 1.5 days, vessel
availability of 350 days per year, etc. ‘

Figures 111.24 and 111.25 show the results of the calculations. The
latter have been made with the aid of a conmputerized tanker cost nodel.
Table 111-12 shows average distances and transportation costs in cents-
per-long-ton and in cents-per-barrel for selected voyages from of fshore
areas to onshore termnals. The transportation costs for LNG from

Al aska (Point Gravina) to Los Angeles have been estimated at $1.00 per
MY BTU, in accordance with a recent study* done on the subject and
assuming an internal rate of return of the LNG project of 15%

Term nal Cousts

For oil, the onshore terminal consists of a tank farm providing buffer
storage capacity and a desul furization and desalinization plant, if

required. The investnent costs on a per barrel per day basis for the
desulfurization and desalinization plant are relatively snall, around

*Department of the Interior “A askan Natural cgs Transportation Systens”
Economi ¢ and Risk Analysis by The Aerospace Corporation, Draft of June 1975
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TABLE 1I11-12

CRUDE O L TRANSPORTATION COSTS FROM
0CS AREAS TO LI KELY MARKETS (1975 DO_HARS)
(transportation costs in C/long tons® and

di stances in nautical

mles [a.m])

To

New York Gal vest on Long Beach Seattle
From_ (50,000 dwt) (50, 000 dwt) (150,000 dwt) | (150,000 dwt)

¢ n.m. ¢ n.m. ¢ n.m. ¢ n.m.
North Atlantic 150 300 495 2100 " n.a. T n.a.
‘iddle Atlantic 140 250 445 1850 n:a. n.a.
South Atlantic 220 600 335 1300 n.a. n.a.
Qul f of Mexico 445 1850 150 300 n.a. n.a.
California 1090 5100 990 4600 105 400 160 1000
Washi ngt on/ Or egon 1180 5600 1090 5100 185 1000 120 500
@l f of Al aska n.a. -- n.a. 300 2300 185 1250
Bristol Bay n.a. n.a. 310 2400 275 2050
bering Sea n.a. n.a. 470 3900 360 2850
Chukchi Sea n a n.a. 490 4100 380 3050
Peaufort Sea n.a. n.a. n.a, n.a.
Sour ce: Arthur D. Little, Inc. estimates. .
“Conversion: 1 long ton - 7.5 barrels.
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$6 to $10 per daily barrel capacity. These costs can be assumed to fall
wickin the range of accuracy of any of the other major investnent
estimates for the devel opnent of offshore fields and are excluded
explicitly from the anal ysis.

The :cank farm however, requires a significant capital outlay. For a
typi cal -si zed tank farm anywhere along the coast of the U S. In the lower
48 states, the investment can be between $200 and $400 per peak dail~
throughput capacity. A tank farm constructed anywhere along the coast
of x«laska will be nore expensive because of higher costs for matericls
anc construction, which will result in increases of between 10% and 20%
of the costs for tanks, tank farm piping, mscellaneous equipnent, and
land devel opment. The costs for the tank farmin a given location will
depend on the nunber of day' s supply the tank farmis expected to
accormodate, the type and size of tanks used, and the type of dikes used
arc .nd the tanks. For instance, several states require steel dikes

ar. .nd the tanks instead of the cheaper earthen dikes which can result
in . significant cost increase for the total tank farm

Assuming a required capacity of 30 days of crude supply, a tank turn-
ove- factor of 5.7, an average tank size of 500,000 barrels per day,
ste- tanks wWith a floating roof, and every four tanks surrounded by an
ea7 -en dike results in estimates of $199 to $245 per barrel per day

t hroughput capacity, depending on the overall size of the tank farm
Qperating expenses range between 3.16¢ per daily barrel for the |argest
sized tank farmto 3,33¢ per barrel for the smallest sized tank farm

The graphs in Figure 111.26 show investment and operating cost changes as
functions of throughput.

3.  Qperating Costs

Qperating costs will vary considerably for different platforms even if
their capacity is the same. These costs depend on operating procedures
and standards for the particular conpany, the reservoir characteristics,
and the distance to the nearest supply base.

Based on an anal ysis of actual operating costs for the Qulf of Mexico,
the Cook Inlet in Al aska and the North Sea, the operating costs cal cul a-
tion is categorized into fixed costs, which can be assuned not to change
for a given platformover its producing life, and into variable costs
which will vary with the volume of oil and/or gas produced and the
vol unme of water and/or gas injected into the reservoir. Fixed costs are
divided into the follow ng categories:

«VWages and sal ari es,

« Provisions and catering,

« Transportation to-and-fromthe platform
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« Vel | workovers,

« M scel | aneous equi pnent mai nt enance,

e | nsurance,

« Mai nt enance of electrical equipnment, and
« Overhead and conti ngenci es.

Wages and salaries, including payroll overhead were found to be the same
fo- the Qulf of Mexico as they are for the East and West Coast areas
of“shore the Continental United States, Catering and quarters prove

to be of the same order of magnitude gor man-day as the cost of a first-
cliss hotel in a major city,

c =g for transportation (by boat) of supplies and personnel wll be
si.ilar all along the coast of the mainland, except for some areas where
1 rger than average boats may be required. In those areas where frequent,
ard long, supply interruptions may be expected, the cost of larger-than-
a~ age supply vessels may be 20%to 25% above conparabl e costs in the

¢ .7 of Mexico.

E:-petted costs for supply and personnel transportation (by helicopter)
in areas offshore Al aska are still higher; helicopter charter time for
work in Al aska is quoted as three to five times as high as the costs for
conparative services in the Qulf of Mexico.

Well workover costs during the production period are a very significant
factor in oil production econonics, both on-and offshore. They can
range from several tens of thousands of dollars for small wells in the
Qul f of Mexico to several hundreds of thousands of dollars for large
well's in the rough environnent of the North Sea. Wells |ocated off the
U S Atlantic and Pacific Coasts will show workover costs similar to
those for wells in the Qulf of Mexico of conparable size. However,

wor kover costs of fshore Alaska are expected to be in the same range as
wor kover costs in the North Sea, that is, at |east 40%to 60% above
those costs for wells in the Quf of Mexico. Industry estimtes the
wor kover costs for subsea conpletions to be as nmuch as 2.5 tinmes those
for conventional wells conpleted off a platform

M scel | aneous equi pment ard its attendant maintenance are shown to be
relarively constant percentages of the total cost of main platform
equi pment over a wide range of platform sizes. Yearly insurance is
estimated at 2% of total capital investment in a platform Costs of
power plant mai ntenance can, quite consistently, be considered as a
fixed amount per installed horsepower, which is directly related to

t he expected peak production capacity of either oil or gas.
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Variabl e production costsconprise mainly energy and maintenance costs
for oil punps and gas conpressors. The follow ng variable costs are

included in the analysis:

o« those directly related to oil production,

« those directly related to gas production,

. maintenance cost of gas injection equipment,

«Qgas injection operating costs,

« maintenance cost of water injection equipment, and

-wWater injection proper.
Directly related production costs for both oil and gas are proportional
to daily produced volumes of oil and gas. (Gas conpressor maintenance
costs are a function of the installed conpressor capacity which, in turn,
is determined by gas flow and required conpression ratio.
The nunber of production personnel required on a platformis a function
of the platfornis peak capacity, ranging from 15 men on a small platform
to al most 100 nen on large pl atforns.
All cost elements are incorporated in a conputerized operating cost model
whi ch allows for changing costs with changing well productivities and
changi ng pl atform production capacities in various offshore axeas.
Figure III,27 is an illustration of fixed operating costs as a function
of well productivity calculated for platforns with a productivity of
10, 000 and 100, 000 barrels per day in Alaska and in the Qulf of Mexico.
For conparison purposes, the fixed operating costs of two 20,000 barrel-
per-day production systems are included as well, one with subsea
conpl etion and one w th conventional platform conpletion.

Annual pipeline operating cost has been assumed at 2% of the initial
i nvestment plus $20 to $30 per installed horsepower in punping stations.
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FIXED OPERATING COSTS (in $ per peak barre 1)
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Iv. THE ANALYSES

A __ANALYSIS OF FIELD ECONOM CS

1 Overview
Tt : expected costs of exploration, devel opment and production of specific
fields in the different OCS areas have been cal cul ated based on the
technical costs (presented in Section III.C) as a function of the ifandivi-
dual sizes and nunber of fields expected for these different OCS areas
and by using the methodol ogy deserib<? in Section I1.
| -estment costs and annual production costs by field size were
d »rmined in total and per daily unit produced. Costs were broken
d>ninto the follow ng categories:

« exploration drilling costs,

«platform construction and installation costs,

«devel opnent well drilling costs,

« pl at form equi pment costs,

«pipeline installation costs,

. gathering system costs, and

« onshore termnal costs.
To allow for cost differentials resulting fromdifferences in weather
and environmental conditions for the 17 different 0CS areas of the
Bureau of Land Management’s classification, these areas were divided into
ei ght groups (see Figure IV.1):

«The Atlantic Coast area conprising BLM areas 1, 2, and 3;

A}

e The Gulf of Mexico area, conprising the eastern, central
and western areas of the @ulf of Mexico;

« The southern Pacific Coast area, conprising southern
California borderland and the Santa Barbara channel ;

« The northern Pacific Coast area, conprising northern
California and Washington-O egon;

« The @ulf of Al aska;

o Lower Cook Inlet and Bristol Bay;
lv-1
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¢ Bering Strait and the Chukehi Sea; and

« The Beaufort Sea.

Mizimum Required Price schedul es were constructed based on the cash
fiows resulting fromthe cost calculations and allowi ng for royalty and
tax payments in order to obtain an indication of what field sizes can be
expected to be nmarginally economical under certain future cost/price
conditions (see Figures IV.8 and 1V.9).

Ea-" calculation required the specification of basic parsmeter values
for :

o Wwell productivity,
.Wat er depth, and
«di stance to shore,

Av. age wel |l productivity was assumed to be 500 barrels per day for oil
ar- 20 million cubic feet per day for gas in the areas in the Gulf of
Me-tco and 2500 barrels per day for oil and 50 million cubic feet per
de ‘for gas in nther OCS areas. The water depth and di stance-to-shore
re srzgentative for the different areas was taken from the Environnental
Inp:ct Statement* which shows potential drilling sites for each of the
17 areas.

To show how the M nimum Required Price Schedul es can be expected to change
with different values for the basic paraneters, sensitivity tests were perfor-
med for the GQulf of Alaska, changing the values of the paraneters over

the ranges shown in Table |V-1. (See Figures -IV.10 and IV.11 for the
results of these sensitivity tests.)

TABLE V-1

MINIMM REQUI RED PRI CE CALCULATI ONS
SENSI TIVITY TESTS:
PARAMETRI C  VALUES

Di stance Required Rate
Water Depth to Shore Wel| Productivity of Return
(feet) (miTes) oi | (B/D) Gas (MMCF/D) %

Low Base High Low Base High Low Base High Low Base High Low Base High

Gl f of 200 40c 700 5 25 50 500 2500 10,000 20 50 100 10 15 25

Al aska

* . . .
United States Department of Interior: “Final Environmental |npact Statenent
Proposed Increase in 0il and Gas Leasing on the Quter Continental Shelf.”
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The cost calculations for the base cases and for the sensitivity tests
were done assuning field devel opment froma fixed platform Toshow how
the costs can be expected to change with alternative types of field

devel opment for oil producing fields, MinimumRequired Price schedul es

were also devel oped for fields devel oped with subsea conpl etions and a
floating production station using a single-point moring buoy and

tankers to transport produced oil to shore.

2. Total Costs for Exploration and Devel opnment for |ndividual Fields

As nentioned In the previous sections, an analysis of the costs which

are required for exploration and devel opment of individual oil and gas
fields in the different OCS areas nust allow for changes in costs caused
by differences in overall conditions. Wthin a particular area, the

costs between individual fields can still be expected to vary significantly
because of differences in:

« The water depth at the |ocation where the field has been
found resulting in differences in platform construction,
installation, and in pipel aying costs;

o« The distance to shore, which will affect pipeline costs;

« The physical dinmensions of the field, which will affect
the devel opment program i.e., the nunber of platforns for
a given amount of recoverable reserves. The anount of
reserves that can be produced by one platform depending on
how deep the producing horizon is and-on whether the
producing formations are thinly spread out over a |arger
area or whether they are thick, which nakes it possible to
produce nore of the reserves with the sane platform

« The production characteristics of the reservoir itself
whi ch can affect the nunmber of devel opment wells which
must be drilled, depending on the average well productivity
and on the requirement for injection wells for water
f 1 oodi ng;

« The quality of the oil or gas which can affect the anount
of processing equipment required on the production platform
dependi ng on how nuch stabilization and separation is required
before the oil and/or gas ean be transported to shore and
whet her associated gas has to be reinfected into the reservoir
or has to be flared.

None of the values of these parameters. which all {mpact on the overall
crsts of field development, are known wi t h certainty att he exploration
sLage. Therefore, a set of representative estimates are selected as

pase case values for water depth, distance to shore, and well pred-w.iivwicy
for the different areas as shown in Table | V-2.
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TABLE V-2

BASE CASE PARAMETERS

Di st ance
Wit er Depth! to Shore

Vel |

Productivity Year s

Ol (B/D Gas (MCF/D) Delay?

1. Atlantic Coast
2. C@ulf of Mexico
3. Pacific

4. @lf of Al aska

5 Lower Cook Inlet,
Bristol Bay

6. Bering Sea,
Chukchi Sea

7.  Beaufort Sea

(feet)
400
400
600
400

200

200

300

(mles)
75
75
15
25

15

75

15

2500
500
500

2500

2500

2500

2500

50
20
50
50

50

50

50

iThis study oniy considered areas with a water depth not exceeding 600

feet (i.e.the strict definition of the Quter Continental

ZYears delay from first discovery well

Source: Arthur D Little,

Inc.,
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Apart fromthe Qulf of Mexico and offshore California, where the average
wel | productivity for eil and gas producing wells 1s approxi mately 500
barrels per day and 20 and 50 nmillion cubic feet per day, respectively,
base case values have been selected to be 2500 barrelsper day for oil
and 50 million cubic feet per day for gas as the average for the other
areas.

The val ues chosen for representative water depth and distances te shore
for the different areas were based on information contained in the
Environnental |npact Statenent* which also shows the location of the nopst

likely drilling sites for the different areas (see Appendix B).

The physical field dinmensions, production characteristics and quality of
the oil and/or gas were assunmed to be the sane fcr all 0CS areas.
Consequently, calculations of total devel opment and preduction costs
were based on the assunption that simlar fieids, in :erms of recovecaile
reserves, water depth, distance toshore, depth of producing horizom, and
reservoir production characteristics, would require the sane nunber of
devel opment wells and the sane nunber of platforms with simlar production
equi prent on those platforns in order to produce the fields. The only

di fference between otherwise simlar fields, as shown in Table |V-2,

are the different lead times between the first discovery well and the
beginning of field production. These periods vary fromthree years for
the @ulf of Mexico to five years for offshore Alaska. This assunption
allows for differences in.working conditions, a shorter working season

In Northern and Polar areas, and |onger distances from major supply
centers.

In total exploration, developrment and production costs, the different
areas, starting with the nost costly one, rank as foll ows:

o the Beaufort Sea and the Chukchi Sea,
e the Qulf of Alaska,

o« the Bering Sea and the Bristol Bay,

o the Lower Cook Inlet,

# the Atlantie Coast,

« the Gulf of Mexico, and

« the Pacific coast.

“United StatesDepartnent of Interior: "Final Environnental |npact €is:ement
Propesed Increase in 0il and Gas Leasing on the Outer Dontinentar § :if °

ve§
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1f water depth, shore distance, and average well productivity were the
same for all areas, total costs in the nbst expensive area, the Beaufort
Sea, would be approximately five times as expensive as in the |east
expensive area, the Pacific.

When expected differences in water depth and distance to shore between
the areas are considered, the expected costs becone those shown in
F:gures Iv.2 and IV.3 for typical 150 nmillion barrel and 2-1/2 triilion
cuhic foot o4l and gas fields, respectively. The rank ordering in terms
ol the costliness mentioned above changes by using different water depth
and distance-to-shore for the different areas. The devel opment of the
"tvpical" field offshore California, in the case of oil, at a total cos:
of $156 nmillion, 1s shown to be nore expensive than that in the Gulf of
Mexi co, the Atlantic Coast, and theLuwer Cook Inlet with total costs of
§1n2 million, $135 nillion and €142 nmillion, respectively. This is

m: ~nly because of nmuch higher devel opment drilling costs and higher
o.7shore California as a result of the larger nunber of wells which are

re ,aired, given the |ower well productivity, to produce the reservoir
a> ,. because of much higher platformcosts as a result of deeper Water.

|  -te case of gas (see Figure IV.3) the Atlantic and Gulf of Mexico are
s« m to be considerably nore expensive than the Lower Cook Inlet,

$1,9.7 miilion and $165.0 million versus $136.0 million, respectively;

tte Qul f of Alaska and the Bering Sea are shown as nore expensive than
the Beaufort Sea, $217.3 wmillion and $215.9 million versus $211.8 mllion,
respectively. In the case of the Atlantic Coast and the @ulf of Mexico,
the higher expenditures are mainly caused by the higher pipeline costs
since it is expected that fields in the Atlantic and in the Gulf of

Mexico will require pipelines to shore averaging 75 mles conpared to
averages of 15 niles expected for the Lower Cook Inlet area. Longer

pi pelines to shore for the Bering Sea also results in higher costs for
that area conpared to the Beaufort Sea. The higher total field devel opnent
costs for the Qulf of Alaska, conpared with the Beaufort Sea, result from
t he expected deeper water of the Gulf of Al aska (400 feet versus 300
feet, respectively), which resultsin significantly higher total platform
cost estimtes.

The costs shown in Figures IV.2 and IV.3 nust be regarded as the minimum
tnvegtmentcosts required. Onshore termnals for oil include cost
esimates for a tank farm but excludes potentially required processing
facilities such as desaiinization or desul furlzation plants which depend
on the quality of the crude. In the case of gas, onshore natural gas
liquid processing facilities have also been excluded. The exploration
costs, which are included in the total costs, include four exploration
wel | s which can be considered to be the mininum exploration costs which
would be allocated to a field.

Figures 1V.4 and v.5 show the relative contribution of the different

cost categories to total exploration drilling and devel opnent costs
calculated for the typical oil and gas fields for each major OCS area.
It is clear from these two figures that the relative exploration drilling

costs increase as one noves into nore renote and nore hostile areas.
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The costs of the typical four exploration wells are estinmated to range
fromsgto 72 of total costs in the areas off the Atlantic and Pacific
Coasts and in the Gulf of Mexico, while their relative costs are
estimated to range from 10%to 20% in the offshore areas of Alaska. In
other words, not only are general cost |evels higher in those renote
and nore hostile areas, but that portion of the total capital required
for exploration and field devel opnent which has to be risked in
exploration drilling is also higher. Conpanies can be expected to hava
to invest three-and-one-half tines nore capital in field exploration and
field devel opment in the Gulf of Alaska than in the Pacific, and they
can be expected to have to risk at least four to five times as nuch
capital in the exploration drilling phase. In addition, it will take
about twice as long before they realize their first production.

Platform costs are extrenely sensitive to water depth when conparing the

Qul f of Mexico costs for 400 feet with costs for the Pacific, where an
average water depth of 600 feet is expected. The platformcosts as a portion
of total investment range from 15& for an area with shallow waters and a
relatively large investnment in the pipeline to shore to 40% for ahigh

cost area, such as the Gulf of Alaska with deep water (400 feet) and

with rel ative closeness to the Coast (25miles).

Devel opnent drilling costs in the cases shown ranged from5%to 20% of
total cost. These costs are sensitive to the average well productivity
as illustrated by the difference between the devel opment drilling costs

for the Gulf of Mexico and for the Atlantic offshore areas, where they
were estimated at $31.4 million and $7.3 willion, respectively, for well

productivities of 500 and 2500 b/d of oil.

Production equipment costs range froml2%to 20% of total costs in the
case of oil and from15% to 30% of total costs in the case of gas. For
0il, coste for the pipeline to shore and the onshore tank farm range
from30%for e he Pacific Coast and the Gulf of Al aska, which are close
to shore, to 45% in the case of the Bering Sea and the Atlantic where
it is expected that pipelines will be at least 75 miles |long. For gas
construction cost of the pipeline to shore requires by far the Iargest
investment, requiring ateut 50% of total costs.

3. Unit Cost of Production: Econom es of Scal e

The costs for different fields in the sanme area and for the sane fields
Letween areas nust al SO te ccmpared in terns of dollars per urit of
maxi mum field production capacity. Figures |V.6 and IV.7 show the

unit costs by category for:

« The unit costs to dr:ll four exploratory wells;
e The total of platform constructi on and installatinsa cosis,
the production equipment costs and devel opnment édrill'ng

©i.8:89; and
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«The total costs for the pipeline to shore and, in the case
of oil, the costs for anonshore tank farm

These costs are shown for oil fields of 45 million barrels, 150 million
bazzels, and 2 billion barrels of recoverable reserves (Figure IV.6), and
for gas fields of .25 trillion cubic feet, 1 trillion cubic feet and 10
tr-ilion cubic feet of recoverable reserves (Figure 1v.7), and for the
average expected well productivity in each area.

Again, as in the case of the total cost estimates, it nust be enphasized
that the costs have been calculated for “typical” fields using expected
val ues for water depth, distance-to-shore and average well productivity
for the particular areas. |If the expected values were the same for all
areas, then the unit cost for the Beautort Sea would be about five times
hizner than the unit cost shwa Jor the Pacific Coast.

The geographical conditions assumed for the different sized fields in
the same area were identical and the unit costs shown for these different
fic.d sizes are therefore conparable.

Tk econom es ot scale within the same area, when conparing a field of
4% wdllion barrels with a field of 2 billion barrels, are shown to
reduce the total costs per unit capacity by a factor of two for oil in
the @ulf of Mexico and by a facter of three in the Beaufort Sea. The
Qul f of Mexico shows a higher cost per unit capacity for the required
construction and installation of the platfornms, for the platform equi pnent
and for devel oprment drilling when conparing the unit costs of the 2
billion barrel field with the unit costs of thel50 million barrel field.
This is explained by the longer lead tinme required to drill all the
devel opment wells for the 2 billion barrel field, given the assunption
of an average well productivity of 500 barrels per day, resulting in a

| onger producing life and a snaller required overall capacity than found
to be necessary for the 2 billion barrel fields in the other 0CS areas,
whzre the average well productivity was assumed to be 2500 b/d and
where, as a consequence, the smaller nunber of wells allows nore rapid
field devel opnent.

In the high cost areas like the Bering Sea and the Beaufort Sea, unitized
exploratory drilling costs for the expected four exploratory wells per
field are nore than the total unit cost to explore for and develop a large
field off the coast of the Atlantic and Pacific Coast.

Econoni es of scale are shown to be nuch nore pronounced for gas fields
than for oil fields. This is explained by the relatively |arger invest-
ment required in the transportation systemto shore for gas fields. In
the Beaufort Sea, unit capacity costs are more than seven tines higher
for the smallest fields of .25 trillion cubic feet when conpared to the
largest field with recoverable reserves of 10 trillion cubic feet.
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When conparing the unit capacity investment required for oil and gas on

a BTU equival ent basis, assunming that one barrel of crude oil is equiva-
lent to 6000cubic feet of gas, it will be noticed that the unit investnent
costs for smaller gas fields are considerably higher than for oil fields
with a conparable size, while unit capacity costs for the larger gas
fields are considerably smaller than the unit capacity costs for the
larger oil fields. Conparing estimates for the .25 trillion cubic feet
field for gas with the 45 nmillion barrel field for oil in the Beaufort
Sea area, the gas field will require approximately $13, 000 per barrel
capacity, in temsof crude oil equivalent as conpared with almost

$12,000 per barrel capacity for the oil producing field. However,

comparing the unit costs of a giant gas field of 10 trillion cubic feet
of recoverable gas with the unit costs of a giant oil field of 2 billion
barrels of recoverable oil, the investment costs per barrel of crude oil

equivalent for the gas field are about $1,800 conpared with the $4,000
per capacity barrel for the oil field.

4. M nimum Required Price

G ven estimates for technical costs for each of the 17 different ocS
areas and estimates for the tinme required to bring a discovered field
into production, one can calculate the mininum price which a conpany
must require in order to cover the costs for exploration, devel opment
and production of oil and gas fields of different sizes and under
different conditions.

As expl ained in Chapter Il, the Mninum Required Price resulted froma
di scounted cash flow calculation allowing for royalty and tax payments
over the producing life of the fields. The price that is calculated
can be considered to be the break-even price which allows conpanies te
cover a nonminal portion of the exploration costs plus the devel opnent
and production costs while making a required return on their capital.

This rate of return on capital will vary depending on how a particul ar
coupany assesses the riskiness of the particular area where it is trying
to acquire the right to explore for oil and gas fields. It is beyond
the scope of this report to try to show what this rate of return is or
will be. W have therxafore chosen to develop the Miaimum Required Prices

for different rates of return ranging from 10% per annum to 25% per
annum

Figures TV. 8 and IV. 9 show the Mninum Required Prices for oil and
gas fields, respectively, As in the case with the per unit capacity

costs, the Mnimm Required Prices are shown for three different field
sizes, 45 nillion barrels, 150 million barrels and 2 billion barrels in

the case of oil and .25, 1 and 10 trillion cubic feet in the case of gas.

#6500 cubic feet of natural gas is roughlv 1 barrel of crude oil
equivalent on a thermal basis.
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The shorter lead times between the first discovery and first production,
as assumed for the Qulf of Mexico whea conpared with the Atlantic anti

the Pacific Coast areas, are she-w, to result in a lower required price
for the Guif of Mexico both frr the case of oil and gas.

The differences between M nimum Required Prices cal culated for the sane
fit?.d with different rates of return are shown to be quite significant.
As3snmillion barrel field in the Lower Cook Inlet area would be ecoromical
wit’ a Minimum Required Price of $10.63 if the conmpany woul d be satisfied
with a 10%rate of return. Wen requiring a 15% rate of return, however,
the field woul d not be developed at a required price of $14.26 if the
regrlated price would be around the present level of $11.28. At a
required rateof return of 25% evena field of 150 million barrels

migtt be considered not to be econonical given a Mninmm Required Price

of 311.99.

Fo- gas fields in the Lower Cook Inlet, assumng a regulated wellhead
pr ce of 52¢, even a giant field of 10 trillion cubic feet would not be
economical when the required rate of return would be 25% given a M nimm
Re- red Price Of 63¢ per MCF. However, with Mninum Required Prices of
32 and 4l¢ per MCF in the case of required rates of return of 10% and
157, respectively, the field would be economical. To illustrate the
results, we show in Table IV-3 what the mininmmecononmic field size

woul d be in each of the seven areas which we considered for the three
different required rates of return assumed if the wellhead price would
be at 75¢ per MCF for gas and at $12 per barrel for oil. As shown, for
gas, assunming a required rate of return of 15% only fields larger than
500 billion cubic feet recoverable reserves would be devel oped in the
Qulf of Mexico, a low cost area, and only fields |larger than 4000
billion cubic feet would be developed in the Gulf of Al aska, a high

cost area. For oil, again assuming a required rate of return of 15%
only fields larger than 17 million barrels recoverable reserves woul d

be econonical to develop in the GQulf of Mexico and only fields with nore
than 97 nmillion barrels recoverable reserves in the Gulf of Al aska.

The mini mum econonmic field size in the different areas shows to be very
sensitive to the value of the required rate of return used in the

cal cul ati ons. In the case of gas, the mninum econonmic field size wll
be about eight times larger, 2500 billion cubic feet versus 310 cubic
feet of recoverable reserves, if required rates of return are used which
differ by a factor of 2.5, i.e., 25% versus 10%. In the case of oil,
inthe Guf of Mexico the minimmecononmc field size would be 11 nmillion
barrels of recoverable reserves, assuming a required rate of return of
10%, and 47 nillion barrels, assuming a required rate of return of 25%,
i.e., the mninmmecononic field size is larger by a factor of four if
the required rate of return used to calculate this nininum econonic
field size is larger by a factor of 2.5.

The results of sensitivity tests, assunming different values of the
different paraneters and different devel opnent programs for the Qulf of
Al aska area, are shown in Figures IV.10 and IV.11.
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MINIMUM k- ONOMIC FI ELD SizZE!

Gas (Billions of cu.

Rate of Vel | head Price $.75/MCF

ft.) oil (MI1lions of Bbls)

Assunpti ons

Average

D stance Water Years

Wellhead Price $12.00/Bbl Well Prod. to Shore Depth Delay?
Return 10% 15% 25% 10% 15% 25% B/D/MCF/D
atlantic. 180 290 660 17 26 70 2500/ 50 75 400 4
G.1f of Mexico 120 185 400 11 17 47 500/ 20 75 400 3
Pacific 220 300 770 19 37 125 500/ 50 15 600 4
Celf of Al aska 66U 110G 5400 60 97 425 2500/ 50 25 400 5
Iower Cook Inlet 370 £60 1550 37 58 150 2500/ 50 15 200 5
Bering Sea 600 930 440G 49 80 260 2500/ 50 75 200 5
Beaufort Sea 850 1600 6400 80 135 560 2500/ 50 15 300 5
T _—
In Recoverabl e Reserves.

2

Number of years between first discovery well and first
field production.

Swurce: Arthur D. Little, Inc., estimates.
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The sensitivity tochanges in assumed well productivity is shown tc be
relatively small, especially for the smaller fields. For a 45 million
barrel field, the Mnimm Required Price for the Qulf of Alaska, given
the assunptions on water depth and distance-to-shore and nunber of vears
deiay until first production, would be $19.44 per barrel if a well
productivity of 10,000 barrels per day was assuned and $22.99 per barrel
if a 500 barrels per day well productivity was assumed. The Minimum
Re-uired Price for well prodvetivities of 10,000 barrels per day aid

500 barrels per day for a 2 billion barrel field would be $4.79 and
$9.50, respectively; in other words, a well productivity of about 2¢

times as high would only reduce the M ninum Required Price by a factor
of two.

The effect of assumed changes in cost price relationships are shown to
be juite significant; assumirg prices to increase relative to costs at
57 = year would reduce the M ninmum Required Price from $5.67 to $3.75
per barrel for a 2 billion barrel field. Assunming costs to increase

at 5% per year relative to prices over the life of the field would
increase the mnimumrequired price from$5.67 per barrel to $10.70 per
ba-rel for the 2 billion barrel field.

Ass-ming a greater water depth, a larger distance to shore and a |onger
del ay time between first discovery and first production also has a
significant effect on the Mninmum Required Prices. The effect of the
different rates of return has already been discussed. Assuming different
field devel opment programs, using subsea conpletions and floating
platform has a significant effect on the smaller field sizes.

The sensitivity tests for gas fields show the” same results as obtained
for oil (see Figure IV,11). Increasing the average well productivity
five times from 20 MMCF/day to 100 MMCF/day decreases the minimum required
price by only 30% from $0.56/MCF to $0.70/MCF in the case of the |argest
field size assumed (10 trillion cubic feet) and by less than 1%in the
caze of the smallest field assumed (250 billion cubic feet).

If prices will increase relative to costs at 5% per year, than the mininum
required price decreases from $0.64/ MCF to $0.37/MCF for the 10 trillion
cubic feet field and from$3.45 to $1.74 for the 250 billion cubic feet
field. If costs will increase relative to prices at a rate of 5% per

year, than the Mnimum Required Price will be $1.00/MCF for the 10 trillion
cubic field and $4.37/MCF for the 250 billion cubic feet field.

The sensitivity to changes in assuned values for water depth, distance to
shore and delay until first production is shown to be very significant.

The M nimum Required Price al nost doubl es between the base case and high
case.
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B. PROIECTIONS OF FUTURE O L AND GAS PRCDUCTI ON

As described as part of the nethodology (Chapter I1), tw types of
information were used to simulate the exploration and subsequent
devel opment and production activities for different areas on the OCS
for which lease sal es have been proposed through 1978, i.e.:

o Probabilistic information on resource base size, structure
Size distribution and the distribution of possible fills
of structures with oil or gas; and

« The information devel oped on the economcs of exploration
and devel opment activities.

It should be enphasized that the projected production streams are

functions of the proposed | ease sale schedule which is shown in Table V-4
It can be expected that if oil or gas is found ir any of the areas which
are considered in the analysis, the first lease sale will be followed by

a second and maybe a third | ease sale in the period covered by the anal ysis,
i.e., 1975 to 1990. Therefore, it can be expected that for those areas
where the possibility of substantial production levels is shown,

these same production levels will not decline between 1985 to 1990 as shown
in the projections but most probably will stay level or even increase.

1. Base Projections

Results of an area projection for the @ulf of Alaska, are shown in
Table |V-5. The possible production of oil and gas and the possible
annual expenditures required to find, devel op and produce that oil and
gas and to transport it to the nearest point of sale for ten benchmark
years have bzen calculated for different price categories and at
iifferent levels of confidenze within each price category. As shown in
Tabl e IV.5, , assuming a price of $4,50 per barrel for oil and $75per
MCF for gas landed in California, no oil or gas will be devel oped even
if there is sone in the eastern part of the Gulf of Alaska. If the
expected price for oil and gas landed in California is $7.50 per barre
and $1.25 per MCF, respectively, then, at a confidence |evel of 50% one
still cannot expect any oil or gas production to occur. Only at the

| oner confidence levels of 257 can one expect some oil production tc
result froman exploration and devel opnent effort in that area. At the
25% confidence level this production will reach its peak of at |east

8 mllion barrels per year in 1985, at a 95% confidence level it wll
reach at least 360 barrels per year in 1985. As shown in Table IV-3,
at a landed price in California of $1.25 per MCF, one cannot expect any
gas to be devel oped and produced if found in the Qulf of A aska. Only
if the expected price for gas |landed in California is close to $2.00

iv-24%
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TABLE |V-4

LEASE SALE SCHEDULE AND
M LLI ONS OF ACRES LEASED AS ASSUMED
FOR AREA S| MULATI ONS

Years a: Tease Sale and MIlions of Acres Leased

Area Nane 1974 1975 1976 1977 1978
1. North At' antic < 0.4 >
2. Mid Atle tic < 0.4 >
3. South Atlantic < 0.4 >
4, FEastern ¢alf < 0.5 >
5, Central & Western
Gulf 1.2 > < 1.2 >
6. South ¢ei:fornia and < 0.6 >

Santa Bz.»ara Channel

7. Nortlierr California
and Washington O egon

8. Gulf of -iaska, East < 0.4 >
9. @lf of -laska, Kodi ak < 0.4 >
0. @lf of alaska, Al eutian
Shel f < 0.3 >
1. Lower Cook Inlet < 0.5 >
2. CQuter Bristol Basin < 0.5 >
3. Bering Sea, Norton
Basi n < 0.5 >
4. Bering Sea, St. George < 05 >
.5, Chukchi Sea, Hope < 05 >
Basi n
6. Beaufort: Sea < 0.5 >

Sour ce: Arthur D. Little, Inc., estimtes.
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OIL PRODUCTION: IN MMB PER YEAR

Expected Prire 4.50 $/BL or .75 §/MCF
(No Production)

txpected Price 7.50 $/BL or 1.25 S$/MCF

Milestone Years

{980 1981 1982 1983 1985 1990
Conf idenceleve |
5% 00 127.17 194.57 265.42 359.28 258.02
252. .00 .00 .00 60.07 80.88 60.38
50% .00 .00 .00 .00 .00 .00
75% o .00 .30 .00 .00 .00
95% vo .00 .00 .00 .00 .00

Expected Price 12.00$/BlLor 2.00 $/MCF

Mtlestone Years

1980 1981 1982 1983 1985 1990
Conf idenceleve 1
S% ., 00 127.17 194.57 265.42 381.72 284. S6
25% ) 0 .00 52.53 76.46 102.80 71.56
50% .10 .00 .00 18.40 35.34 26. 34
75% .00 ,00 .00 .00 .00 .00
95% .00 .90 110 .00 .00 .00

tUxpected Price 18.00 $/BLor 1.00 $/MCF

M{ lestone Years

1940 1981 1982 1963 1985 1990
Conf idence Level
5% on 127.17 194.57 265.42 391.72 284.56
25% )0 .00 2.53 76.46 102.80 73.5%¢6
50% o ,90 .00 18.86 35. 26.67
75% ,00 00 .00 88 Hg .00
95% .00 00 (1o . .00

txpected Price 26,00 S$/Bi or 4. JO3/MCF

Milestone Years

1989 1981 1382 1983 1985 1990
Cont idence Leve d
5% 200 127017 194.57 265.42 391.72 2184.56
25% V4] .00 52.51 78.56 102.80 73.54
50% ,00 1)0 ce 22.39 35.7 27.17
75% J J 00 . .00
95% il Kil 20 U?g 8% .00

GAS PRODUCTION :1NMMCF PER YEAR

Exrccted Price 4.50 $/BL or 75 $/MCF
(No Production!

cxpected Price 7.50 $/BL or 1.25 S$/MCF
iNo Production:

ExpectedPrice 12.00 S/61 Or .00 $/MCF

M {lestone Years

198(3 1981 1982 1983 1985 i990
Confidence Leve!
33 .00 W09 .01 313.76  508.64 522.42 522.42
25% .00 130 .00 .00 .00 .00
50% .00 ., $0 .00 .00 .00 .00
75% 00 .00 .00 .00 .00 .00
95% .00 .00 .00 .00 .00 .00

t.xpected Price 18. 00 $/BL or | .00 S/MCF

Milestone Years

19%0 1981 1982 1983 1985 1990
Conf idence | evel
5% .00 209.01 337.80 508.64 633.80 633,80
252 .00 .00 .00 102.12 131.74 131.74
50% 00 00 00 .00 38.79 38.79
75% .00 .00 .00 .a¢ .00 .00
952 .00 .00 .00 .00 .00 .00

Fxpected Price 24.00 $/BL or &4.00/MCF

Milestone Years

1980 1931 1982 1983 1983 1990
Confidence Leve 1
5% 0o Tuv.01 3317.80 508,64 646,39 646.39
iim 95 do 00 102.12 154.30 154.30
502 Ré] .00 LG . 47. 47.93
752 .60 00 6 o -1 00
952 50 .00 00 .00 00 0

TABLEIV.SProjections of J{land Gas Production Levels Under Diff e rent
FriceScenarics and af Different Levels of Confidence as

Resylting from LeaseSalea Through 1978 - Gulf of Alaska, East

-6



per MCF can one expect production on the GQulf of Alaska areas to acc ie

at a 5% confidence level at a peak of at nost 522 billion cubic feet

per year in 1985. At an expected price of $3.00 per MCF production

levels in the eastern part of the Gulf of Alaska would accrue in 1985

at levels of at npbst 739billiom cubic feet per year, at a confidence |evel
of S0%, at nost 132 billion cubic feet per year at a confidence |evel

of 23% and 634 billion cubic feet per year at a confidence |evel of 5%

The ~rices shown in Table IV-5 are Mninmum Required prices to cover the
nomi~al ampunt of exploration drilling costs, i.e., the cost for drilling
fou: exploratory wells, all devel opnent and production costs, plus the
charges for the transportation of the crude oil and gas to the cl osest
mar ket, which has been assumed to be California. Lease bonuses are
excluded. For the sane |evel of confidence, nore production can be
expected if the expected prices are higher; nore previously marginal
fields are devel oped and produced astheprice increases. It should be
emphasized that the increnental amount of production shown to result

frc.. a higher expected price level cannot be interpreted as show ng the
price sensitivity of production in a particular area. It

only shows the incremental production which can be expected to result
from a successful exploration effort during the first exploration period
(af-er the first lease sale) if the industry is confident that future
pri..gs W Il be at cthe higher level instead of at the |ower |evel. It 1is
assumed that companies will not develop any structures or structural traps
unless they hold “comercial” reserves, i.e., promse to contain at |east
the mllions of barrels of recoverable oil or trillions of cubic feet of
recoverabl e gas necessary to pay for devel opment and production costs
plus a nominal anount of exploration costs. Hence, the |ease sale
process is assumed to be efficient in selecting the bigger structures

whi ch have a higher chance of containing a large oil or gas field and

| eaving out nost of the smaller structures which would only be economic
at the highest price levels shown in Figure Iv.1l.

The results of the probabilistic production projections for the 16

different lease sales assuned to be held through 1978 (see Table IV-4)

combi ned to obtain production projections at different confidence

levels for the different areas off the Coast of the U S. and for the
benchmark years 1980, 1985 and 1990. For each benchmark year, the
probabilistic forecasts are combined to obtain the joint probability
distributions of total possible production |evels for consolidated

areas of the Atlantic Coast, the Gulf of Mexico, the Pacific Coast, or
Alaska offshore. Figures IV.12 and IV.13 show the results when
probabilistic projections are combined for oil and gas production for

the different combined areas. The expected price |evels assumed for

t hese aggregated probabilistic forecasts were $12.00 per barrel for

oil for all areas and $1.25 per MCF for gas, respectively, off the

Atlantic Coast, in the Gulf of Mexico and off the Pacific Coast, and

$2,00 per MCF for gas produced and transported to California from .
Al askan offshore areas. In other words, Figures Iv.12, Iv.13, IV.14 & IV.15
show for conmbined areas the expected total production levels resulting,

at different levels of confidence, fromlease sales through 1978 when
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wellhead prices for oil ranges between $11.00 and $12.00 per barrel and
when the wellhead price for gas is approximately $1.25 per MCF. It is
apparent fromthese figures that when the possible futures are reduced
by considering the projections froman accel erated | ease sale through
1978, then the full range of all possible outcones imterms of potential
oil production in 1985 reaches froma total of at mst 570 million
barrels per year (1.6 nillion barrels per day) at a high |evel ef
confidence (95%) to a tignh of at wost 1840 million barrels per year
(5.1 mllion barrels per day) at low |evels of confidence (5% if well-
head prices are expected to be approximately $12 per barrel. Potential
production of gas for all areas conbined in 1985 ranges from at nost
1500 billion cubic feet per year (4.11 billion cubic feet per day) at a
high level of confidence (95%) to a high of at nmost 4500 billion cubic
per year (12.3 billion cubic feet per day) at a |low | evel of confidence

(5%) .

2. Expected Production Under Alternate Scenarios

The expected values of the prcjected production level for oil and gzas
resulting fromprojections for the individual areas for a range of
different price levels, $4.50 per barrel to $18.00 per barrel for oil
and $.75 per MCF to $3.00 per MCF for gas, are shown in Tables |V-6 and
Iv- 7. The expected values shown are the arithmetic nean of the corresponding
probability distributions which result fromthe Mnte Carlo simulation.
As such, they can be conbined for the different areas to provide the
expected | evels of total production for different conbined areas. (The
required prices are relative to the landed costs of the crude oil and
natural gas, inplying that transportation charges tothe narket area
are included in the costs.)

The relationship between higher expected price levels and incrementa
production does not represent the price sensitivity of oil and gas
production for the overall areas. It only indicates the increased
production which can be expected for a particular set of assunptions on
size of resource base, field size distribution, and timng and size of
the different |ease sales if the industry is convinced that the price

| evel s of the |anded crude and the | anded gas at the points of reference
+ill indeed nmterialize at the different |evels shown after having taken
into account the factors which inpact on these prices such as the

regul atory climate and energy supply and demand conditions.

In 1985 expected crude oil production from OCS areas is expected to range
from 234 million barrels per year or 064 nmillion barrels per day under

a Price scenario of $4.50 per barrelto 1038 nillion barrels per year or
2.84 million barrels per day under a price scenario of $18.00 per barrel.

Zxpected gas production levels in 1985 will range from 1760 billion cubic
_eet per year or 4.82 bhillion cubic feet per day assunming a $.75 per MCF

~rice %o 2363 billion cubic feet per year or 8.12 billien cubic feet
<3¢ agsunding a $3.0 1 per MCF price.
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O | mBL/Year

N. Atlantic

Mid Atlantic

S. Atlantic
Total

Gulf of Mexico
E.Gulf MALFA
Cent . & west Gulf

Tot al

Pacific 0OCS
S. California
Washing./Oregon
Total

Alaska QCS
GOA East
coa Kodi ak
GoA S. Aleutian
Lower Cook Inlet
Bristol Basin
Bering Sea-Norton
Bering-St. Ceorge
Chukchi Sesa
Beaufort Sea
Tota

Gand Tot al
MMBL/Day

1980
19.13
13,21
2.72
35.06h

15.25
19.16

34, 35

1.00

2.69

2,69
94,97
2%

$4.50/Bh1

1985
29,3y
56,77
H.6Y
Y.. %

27.k4
70.53
98. 318

2.60
23,35
25.95

16.68
233.77
0.64

1 900
18,91
. T4

qan 07

22.55
76.76

99, 1]

3.71
16.05
19.76

11.50

11.50
190. 64
0.52

1
ForAlaskan areas crude oi| 1Is assumed to be

[anded in California.

TE A\

TABLE V-6

FAPECTED PRODUCTION LEVELSFOR( 11
IN BENCHMARK YEARS FROM SELECT g,

0CS AREAS LEASED OR TO BE

Log 0
25. 14
a4, 30
8.495
]“. 1y

45. 50
44.98

90.47

>6.0
3.m
59.09

7.50

7.50
235.45
.65

LEASED THROUGH 19/8

Landed Price’

$7.50/Bhl
1985 1990
42,04 27, 50
il 49 . R}
ML 14,y
140.493 Q41 A1
55.93 4N, 70
1o .t 178,87
196.62 169.57
154.70 1 34,00
51.18 35.69
205,88 169. 69
Sh. 34 40.76
14.04 11.16
87.40 61.65
31,264 43.97
18. 84 23.79
53.64 42.09
1.31 1.14
105. 73 84.35
368. 54 308.90
911.97 739. 77
2.50 2.03
Sour ce

HCED

5.9
4,06
9.5°

Mo Al

“@

45, R4
45.08

90. /6

7.50
241.33
. 66

Arthur D. Little,

1985
413,80
77.99
R

145,02

56.09
141.22

197 '12

165. 37
564.59

219.96

75.17
23.74

95. 30
33.12
28.51
66. 03

1.31
141.83

465. 39

1027. 69
2.82
Inc.,

$17.00/Bb]

1990
78. 18
‘v()ﬁl
15.729
94,28

40.80
129. 32

170,11

141.90
38.07
179. 97

54. 89
18.89

1.35
67.41
47. 83
34.54
52.59

5.60
112.96

396. 06

840. 42
2.30

estimat es

7900~
75.
45,
.99
TR

45,
45.

90.

59.
.26

62.

?41

93
01

49

69
09

77

60

86

.50

.50

.62

.66

$18.00/Bb1
©oU198y

43.94
78.12
23.35
145.42

56.09
141.24

197.34

166.40
54,88

221.28

76. 30
24,85
i

96. 33
33.18
29. 02
67.03
1.31
144.79

473.52

1037.56
2 34

T I990

28.48
50.70
15.37
94.55

40. 80
129. 33
170.13

142. 62
38.27

180.89

55.76
19. 80



=01

b

Gas BCF/Year

N. Atlantic

M d Atlantic

¢. Atlantic
Total

culf of Mexico
E. Qlf MaFLA
Cent & West Qulf
Tota

Pacific OCS
S. California

Washing. /Oreg.
Tota

Al aska OCS
GOA East
GOA Kodi ak
goa S. Aleutian
Lower Cook Inl et
Bristol Basin
Bering Sea-Norton
Bering-~St. (eorge
Chukechi

Beaufort Sea
Total

T {otal
Ny

TABLE 1v-7

EXPECTED PRODUCTI ON LEVELS FOR
NONASSOCI ATED GAS | N BENCHVARK  YEARS
FROM SELECTED OCS AREAS reasep OR
TO BE LEASED THROUGH 1978

Landed Price!

$2.00/MCF
1985 1990
151,89  128.48
185.24  151.98
34.70 30,69
371.83 311,16
1421 29.34
1671.83 1361 15
1716.05 1390, 49
143.38  116.11
58.00 55,78
202.28 171,89
73.56  71.97
13.30  13.30
112.74  108.84
5451 83,51
254.11 277,62
2544.26  2151. 16
6 97 5. 89

_ $.75/MCF $1.25/MCF
1980 1985 1990 1980 1985 1990 1980
55. 09 88. 95 74.58 84.13  140.48 118.51 89. 00
106.38  133.25  106.93  124.30 171.98  140.47  130.23
- - - 11.92 27.14 24.13 16. 21
161.47  222.20 181.51 220.35 339.60 283.10 253.44
14. 49 14. 49 9.73 40. 99 41.18 27.41 44.03
939.96 1413.01 1140.48 1067.94 1650.72 1343.01 1078.77
954.44 142 7,50 1150.21 1108.93 1691.90 1370.42 1122.80
66. 74 88. 56 69.23 90.25  131.99  106.17 95. 76
2. 86 22. 68 21.15 2.86 47. 65 45.15 3.75
69.60 111.24 90. 38 93.11  179.65  151.32 99. 50
- - - - - 3.91
Tz T am
1185.51 1760.93 1422.09 1422. 39 2211.14 1804.84 1461.65
3.25 4.82 3.90 3.90 6. 06 4.95 4.01
» askan areas gas is assumed to be |arded 4n California. ST e

Arthur D. Little,

$3.00/MCF

198 9
28 153.%7 1%8,80
130. 33 185.72  152.40
16. 30 34.88 30. 84
235.91 372.87  312.04
44,03 44.21 29. 34
1078.77 1671.83 1361.15
1122.80 1716.05 1390. 49
96. 72 146.04  118.46
3.87 61.24 58.02
100.58 207.28  176.48
112. 57 110.98
22.63 23.59
-- 42 3.33
3.91 126.95  122.85
-- 65.17  100.09
19. 38 23.38
-- 111.64  115.81
- 6.32 26.09
-- 200.94  201.05
3.91 666.61 727.16
1463.20 2962.80 2606. 18
4,01 8.12 7.14

esti mat es.




3. Troduction From Onshore and Existing Offshore Areas

To assess the potential inpact of expected production from new OCS areas,

a forecast was required, by state, of future potential production from

on. here areas and existing offshore areas. These projections of production
were made as fol |l ows:

« Mean val ues for estimated undi scovered recoverable resources
for 75 petrol eum provinces as obtained fromthe USGS were
assigned to the individual states;

« Remai ni ng Revi sions and Extensions were calcul ated as follows:

USGS Total Resources
- USGS Cumulz:tive Production
- Us6s undi scovered Resources
- APl Reserves (d.d. Decenber 31, 1974)

= kevisions and Extensions to Proven Reserves

« A high and | ow projection of total producti on was nade by
projecting separately:

Production from existing reserves derived by
declining 1974 production levels for the
i ndi vidual states at 107 per annum

Production from revisions and extensions to
reserves existing in 1974, using the national
availability profile to obtain the production
profile for extensions and revisions realized
in any given year;

Production from newy discovered reserves assum ng

an optimstic and a pessimstic discovery scenario;
and,

Production from extensions and revisions to newy
di scovered reserves.

An optimistic production forecast was obtai ned assuming that econonic
incentives would result in an increase in discovery rates relative to

1974 levels (see Figure |lv-16). Under that scenario half (50%) of the
undi scovered resources were assumed to be discovered within the next

25 years, and all of the undiscovered resources were assunmed to be
di scovered in the next 50 years. The future production levels for
Al aska onshore (Prudhoe Bay) were prespecified. Proj ections of production
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frc =xisting offshore areas consisted of estimates of declining
prc . stion from 1975 production levels and of estimates of productist
fres- extensions and revisions to those reserves.

Uncer this scenario, the annual discovery rate for oil would grow from

a level of 300 mllion barrels per year in 1974 to a peak of 960 miilion
barrels per year in 1985 and declining thereafter (Figure IV.1€). However,
in spite of the increase in dis~overy rate total production of crudes oil
anc natural gas liquids from all areas under this scenario woul d corncinue
to decline from the level of 9.65 nillion barrels per day in 1975 to

8.v~ mllion barrels per day in 1985 followed by a period of steady growth
in production capacity at a rate of about 2% per year to a level of about
9.¢ -illion barrels per day in 1990 (Figure 1Iv.17). The initial continuing
dec. ine in daily production between 1975 and 1985 is explained by t*=z fact
thac at least ten years wili be required before increases in accumulated
daiiy production capacity resulting fromincreased newy discovered
reserves will overtake the decline in daily production capacity from
reserves Which were discovered prior to 1975. Also, production by
Ext¢aded O Recovery Method- was assuned to nmake significant contribution
to overall production between 1980 and 1985.

Unc:r this optimstic production scenario, the daily production capacity
for gas would continue to decline until 1980, in spite of increases in
dl:.-very rates from the 1975 level of 3.75 trillion cubic feet per year
to  pean of 8.6 trilliocn cubic feet per year in 1985 (Figure IV.18).
Fol’owing the year 1980 production capacity of non-associated and

associ ated gas would start to grow slowly to around 55 trillion cubic
feet per day in 1985 and 199(1 fromsl trillion cubic feet per day in
1980. The earlier turnaround in production capacity by increase in
annual discoveries, then shown for oil, would reflect the expected
response fromindustry if prices for natural gas would be allowed to
rise considerably relative to 1974 price |evels.

A pessimistic production forecast was obtained assuming that a |ack of

econom ¢ incentives would result in relatively low, future, annua

discovery rates, remmining at approximately the same level as realized in

1974.  The future production levels for Al aska onshore (Prudhoe Bay) were
prespecified. Projections of production fromexisting offshore areas were
obt ai ned by declining 1975 production levels and by estimating increases in
productive capacity through extensions and revisions to reserves in those areas.

Under this scenario, daily production of crude oil and natural gas
liquids would decrease froma level of 9.6 nmillion barrels per day in
1975 at an average rate of 3-1/2% per year to 6.75 nillion barrels per
day in 1985 (Figure 1v.17). Starting around 1985 the production capacity
woul d begin to increase again but this only because of oil production
fromthe reserves in the onshore areas of Al aska (Prudhoe Bay). Wt hout
thisi ncrenental production fomAl aska, production would bottom out at
5-1/2 mllion barrels a day in 1990. Extended Ol Recovery Methods were
assunmed not to make any significant contribution to overall production

Production of associated and non-associated gas from existing and newy
di scovered fields onshore and from al ready discovered fields offshore
woul d continue to decline fromits level of 58 billion cubic feet per
day in 1975 to 47 billion cubic feet per day in 1980, 44 trillion
cubic feet per day in 1985 and 37 billion cubic feet per day in 1990
declining at an average rate of 3-1/2% per year between 1975 and 1990
(see Figure 1v.19).
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T+ Potential Inpact of Future Production from New OCS Areas on the
0.erall Production Capacity of the United States is shown by addir: our
projections for OCS production under a high and | ow price scenario to

the low and high projections fromonshore areas and from existing of fshore
areas di scussed above. The price scenariosessumed for expected oil and
gzs production fromthe new 0CS areas were $12 per barrel and $1.25 per
ME, respectively, at the wellhead.

a _Total. Future Potential Production of Crude Ol and Natural Gas Liquids

Combi nation of the optimistic and pessinmistic production forecasts for
on -hore areas and existing offshore areas with the production forecasts
fcy new OCS areas were made under a high and low price scenario which
provided the followi ng results:

1. Under the optimstic/high price scenario -

« Total oil and natural gas liquids production would increase
froma level of 9.6 million barrels per day in 1975 to about
10 million barrels per year in 1980, 11.6 nillion barrels
per day in 1985 and 12.3 million barrels per day in 1990
(sez Table IV-8);

« Relative contribution to total domestic production from
of fshore areas weould grow from about 17-1/2% in 1975 to
about 3L% in 1985 (see Table IV-8);

o About 36%of all OCS production in 1985 would cone from
areas offshore Al aska, about 24% from areas offshore the
Pacific Coast, about 127 from areas offshore the Atlantic
Coast and 28% from areas in the Qulf of Mexico;

« The contribution of total offshore production of crude oil
and natural gas liquids would change between 1975 and 1985
(see Table IV-8);

For Alaska, fromb5-1/2%to 36%or fromO0.15 nmillion
barrels per day to 135mllion barrels per day;

- For the Pacific, from13%or 24%or from0.21 nmillion
barrels per day to 0.85 nmillion barrels per day;

- For the Atlantic,from O%to 12%or from0.0 million
barrels per day to 0.43 nmillion barrels per day;

- For the @lf of Mexico, from 78% to 28% or from 1.23

mllion barrels per day to 1.04 mllion barrels
per day.
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Arthur D. Little . Inc. . estimates.

Source

TABLE 1V-8
PROJECT IONS OF CRUDE OIL AND NATURAL GASLIuUIDS
PROBUCTTON BY PRODUCING REG 10N

Optimistic Case (1)
(million barrels per day)

YEAR
1974 | 1975 | 1980 1985 1990 |
Lower 48, old 8.67 7.92 5.89 4.24 3.38
Lower 48, new 0.00 0.00 0.71 1.98 3.52
Gulf of Mexico, old 1.36 1.23 0.88 0.33 0.30
Gulf of Mexico, new 0.00 0,00 0.36 0.71 0.60
Atlantic, new 0.00 0.00 0.24 0.43 0.29
Pacific, old 0.23 0.21 0.17 0.16 0.15
Pacific, new 0.00 0.00 0.27 0.49 0.50
Alaska onshere, new 0.03 0.08 1.37 1.92 2.47
Alaska off shore, old 0.16 0.15 0.09 0.05 0.03
Alaska offshore, new 0.00 0.00 0.02 1,30 1.11
Total 10,45 9.59 10.00 11,61 12.35
Pessimistic Case ( 2)
19764 | 1975 198[1 1985 | 1990 |
Lower 48,0ld S.u7 7.92 5,89 4,26 3.38
Lower 48, new 0.00 0.00 0.44 1.02 1.74
Gulf of Mexico, old 1.36 1.23 0.89 0.31 0.30
Gulf of Mexico, new 0.00 0.00 0.19 0.41 0.39
Atlantic, new 0.00 0.00 0.17 0.28 0.18
Pacific, old 0.23 0.21 0.18 0.16 0.15
Pacific, new 0.00 .00 2.06 0.15 0.07
Alaska onshore , new 0.03 0.08 1. 57 1.92 2.47
Alaska offshore, old 0.16 0.15 0.09 0.05 0.03
Alaska off shore , new _0.00 _0.00 0.01 0.09 0.07
Total 10.45 9.59 9.28 8.65 8.78

(1) Assumptions:

1. For onshore areas other than Alaska, annual discoveries will increase
at a rate of 11% per year from 300 million "barrels of recoverable
reserves inl974 to 950 million barrels 1o 1985 and they will
decline thereafter;

2. Production fromonshore areas of Alaska will be as shown, mainly
reflecting increases in product ion from the Prudhoe Bay area;

3. Production from offshore reserves, producing in 1975  will continue
to decline as shown;

4. For new 0Csareasexpected production will be as found possible
with a $12/bil wellhead price for oil and a $1.25/MCF wellhead
price for gas assuming an accelerated lease sale schedule through 1978;

5. Extended il recovery methods will start to contribute significantly
to overal | product ion between 1980 and 1985.

.(2) Assumptions:

1. Foronshore aredsother than Alaska. annual discoveries will
increase at a rate of only 3.5% per year from 300 million barrels
of recoverable reserves in 1974 to 500 million barrels of recoverable

reserves inl990;

2. Product ion from onshore areas of Alaska will be as shown, reflecting
mainly increases in production from the Prudhoe Bay area;

3. Production from offshore reserves, producing in 1975, will continue
to decline as shown;

4. For new OCS areas expected production will be aa found possible
with a $4.50/bblvellhead price for oil and a $0. 75/MCF
prire "rJ:,.,.iSJssumiugan accelerated lease sile schedule through
1578;

5. Extended c¢il roco very methnds wi | I eontinu e te contyibu £t only
marginally tooverall production.
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o

Under the pessimstic/low price scenario -

o Total production of oil and natural gas liquids would
slightly decrease from a level of 9.6 mllion barrels per
day in 1975 to about 9.3 nmillion barrels per day in 1980,
8.7 mllion barrels per day in 1985 and increase 8.8 mllion
barrels per day in 1990;

« Relative contribution to the total domestic production from
of fshore areas would grow fromabout 17-1/2%in 1975 to about
19-1/2% in 1985;

« About 8% of all OCS production in 1985 would come from Al aska,
33% fromthe Pacific Coast areas, 16%from areas off the
Atlantic Coast and 43%fromareas in the Qulf of Mxico;

o« The contribution to total offshore production of crude oil and

natural gas liquids would change between 1975 and 1985
(see Table 1V-8);

- For Alaska, from 5-1/2% to 8% or from 0.15 million
barreis per day to 0.14 mllion barrels per day;

- For the Pacific, from 13% te 33% or from 0.21 million
barrels per day to 0.57 nillion barrels per day;

- For the Atlantic, from O%to 16%or fromQO mllion
barrels per day to 0.28 mllion barrels per day;

For the Qulf of Mexico areas, from 78% to 43% or from

1.23 nillion barrels per day to 0.74 mllion barrels
per day.

b. Total Future Potential Production of Associated and Non-Associated Natural Gas

Combi nation of the optimstic and pessim stic production forecasts for
onshore areas and existing offshore areas with the production forecasts
for new CCS areas were made under a high and low price scenario which
provided the following results.

1. Under the optimistic/high price scenario -

«Total associated and non-associated gas production would
decrease froma level of 58.2 billion cubic feet per day in
1975 to about 50.6 billion cubic feet in 1980 and therefore

increase to 55.6 billion cubic feet per day in 1985 and
54.3 billion cubic feet per day in 1990 (see Table 1V-9);
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Arthur D. Lictle, Inc., estimates.

Source:

TABLE IV-9

PROJECTIONS OF ASSOCIATED AND NON-ASSOCIATED NATURAL GAS
PRODUCTION BY PRODUCING REGIONS

Optimistic Case (1)
(billions of cubic feet per day)

YEAR

1974 | 1975 1980 | 1985 1990 |
Lower 48, old 49.30 46.11 30. 88 21.07 12.49
Lower %8, new 0.00 , 6.71 16.72 27. 26
Gulf of Mexico, old 12.53 11, 1.76 5.03 1.87
Gulf of Mexico, new 0.00 3.24 5.07 4.13
Atlantic, new 0.00 0.78 1.25 0.98
Pacific, old 0.14 0.13 0.13 0.12 0.12
Pacific, new 0.00 0.00 0.54 1.03 0.77
Alaska onshore, new 0.34 0.34 0.34 4.00 5.48
Alaska offshore, old 0.24 0.22 0.16 0.11 0.08
Al aska of fshore, new §.00 0.00 0.03 1.19 1.17
Total 62.55 58.20 0.57 55.59 54,35

Pessimistic Case (2)

| 1974 | 1975 1980 1985 1990 |
Lower 48, old 49.30 46.11 30.88 21.07 12.49
Lower 48, new 0.00 0.00 4.15 8.45 12.47
Gulf of Mexico, old 12.53 11.40 7.76 5.03 1.87
Gulf of Mexico, new 0.00 0.00 2.69 4,27 3.37
Atlantic, new 0.00 0.00 0.56 0.81 0.63
Pacific, old 0.14 0.13 0.13 0.12 0.12
Pacific, new 0.00 0.00 0.39 0.62 0.45
Alaska onshore, new 0.34 0.34 0.34 4.00 5.48
Alaska offshore, uld 0.24 0.00 0.16 0.11 0.08
Alaska offshore, new 0. 00 0.00 0.00 0.00 0.00
Total 62.55 58.20 47.22 44,49 36.98

(1) Assumptions:

1.

(2)

For Ofchore areas other than Alaska, annualdiscoverieswill increase
at a rate of 9% per year from 3.75 trillion cubic feet of recoverable
reserves in 1974 co 3.3 trillicncubicfeet in 1983, andthey yill
decline thereafter;

Productionfromonshore areas 0f Alaska will be as shown, mainly
reflecting increases in production from thePrudhceBay area.

Production from offshore reserves, producing in 1975 will continue
to decline as shown;

For new UCJ areas expected production will be as found possible
with a $12/bbl wellhead price for oil and a $1.25 MCF wellhead
price tvr gas assuming an accelerated lease sale schedule through 1978.

Extended oil recovery methods will start to contribute significantly
co overall production between 1980 and 1985.

Assumptions:

For onshore areas other than Alaska, annual discoveries will
decrease at a rate of 1% per year from 3.75 trillion cubic
feet of recoverable reserves in 1974 to 3.2 trillion cubic
feet in 1990;

Production from onshore areas of Alaska will be as shown, reflecting
mainly increases in production from the Prudhoe Bay area;

Production fror offshore reserves, producing in 1975,  will continue
to d2clire as hown;

for arnew0OCSareas expected production will be . s found possible
with a $4.53/bti wellhead price foroiland e $0.75/MCF wellhead
price for gas assuming an accelerated lease sale schedulethrough
29°8.

Extended oilremcovery methods will continue to contribute only
marginally to overall production.
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Rel ative contribution to total donmestic production for
of fshore areas would grow from about 21% in 1975 to about
25% in 1985;

About 73% of all OCS production in 1985 would come fromthe
Gl f of Mexico areas, alout 9% from areas offshore the
Atlantic Coast, about 8% from areas offshore the Pacific
Coast and about 10% from areas offshore Al aska;

The contribution to total offshore production of associated
and non-associ ated natural gas woul d change between 1975 and
1985 (see Table IV-9);

- For Alaska, from2%to 10% or from0.22 billion cubic
feet per day to 1.3 billion cubic feet perday;

- For the Pacific, from 1% to 8% or fromO0.13 billion
cubic feet per day to 1.15 billion cubic feet per
day;

For the Atlantic, from O®to 9% or fromO mllion
cubic feet per day to 1.25 billion cubic feet per day;

Fox the Gulf of Mexico, from97%or 73% or from1ll.4
billion cubic feet per day to 10.1 billion cubic feet
per day.

Under the pessimistic/low price scenario -

Total production of associated and nomn-associated gas woul d
decrease significantly froma level of 58.2 billion cubic
feet per day to 47.2 billion cubic feet per day in 1980,
44.5 billion cubic feet per day in 1985 and 37.0 billion
cubic feet per day in 1990;

Rel ative contribution to the total domestic production from
of fshore areas would grow from about 21% in 1975 to about
25% in 1985;

About 85% of all 0OCS production in 1985 would cone fromthe
@l f of Mexico, 7% fromthe areas off the Atlantic Coast,
7% fromareas off the Pacific Coast, and 1% from of f shore
Al aska;

The contribution to total offshore production of associated
and non-associ ated natural gas woul d change between 1975 and
1985 (see Table 1V.8);

- For Alaska, from 2% to 1% or from 0.22 billion cubic
feet per day to 0.11 billion cubic feet per day;
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- For the Pacific, from1%to 7% or from 0.13 billion
cubic feet per day to 0.74 billion cubic feet per day;

- For the Atlantic, from @b to 7% or from O billion cubic
feet per day to 0.81 billion cubic feet per day;

- For the Gulf of Mexico from97%to 85% or from 11.4
billion cubic feet per day to 9.3 billion cubic feet
per day.

22
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¢ ___NATI ONW DE | MPACTS

1. Inpact of OCS 0il Production on U.S. Petrol eum | nports
and Refining Uilization

Tc assess the Inpact of possible future OCS oil and natural gas |iquids
on the nation's supply/demand balance, it was estimated how much Of the

pr~jected availablerefining capacity would bte required to process these
acditional production streams in the major refining centers of the U S.

Fe that purpose, refining capacity utilization in 1975 for sixteen
different refining centers and the relative anmounts of crude oil and
naiural gas liquids fromdifferent domestic producing areas used in
these refining centers were obtained from Bureau of Mnes statistics
(see Table IV-10). Projecticr~s of future refining capacity up to and
irc luding 1980 for these reiining centers were made, allowing for planned
new construction as reported in 1975/1976. The scope of this study did
not allow for a detailed analysis of possible changes in available
refinery capacity beyond 1980. Therefore, available refining capacity
for the benchmark years 1985 to 1990 were assumed to be the same as
fc.ndfor 1980.

Douvastic crude oil production as a percentage of refining capacity in the
benchmark years 1980, 1985, and 1990 were cal cul ated using an optinmistic
and a pessimstic scenario of crude oil and natural gas |iquids production
for all the onshore and offshore areas in the United States in each case
both including and excluding production of new OCS areas. In allocating
production fromthe different producing areas over the refining centers,

it was assunmed that refining centers would centinue to use the sane
relative anounts of donestic crudes fromdifferent producing areas as

used in 1974,

As discussed in the previous section, the optinistic production forecast
consi sted of:

« A high forecast of crude oil and natural gas production from
onshore and existing offshore areas;

« This sanme high forecast including projections of expected
crude and natural gas production fromnew Quter Continental
Shel f areas under a price scenario, wWhich assured a wellhead
price of $12 per barrel for oil and $1.25/MCF for gas.

The pessimstic production forecast consisted of:

A low forecast of the crude oil and natural gas production
from onshore and existing offshore areas;

« This low forecast ineluding projections of expected crude
oil anti natural gas liquids production from new OCS areas
under a price scenario, which assumed a wellhead price of
$4.50 per barrel for oil and $.75/MCF for gas.
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TABLEIV- 10

MONTHLY AVERME DOMESTIC CRUDE RECEIPTS FOR
(JANUARY THROUGH DECEMBER 1975 - (000 BARRELS)

PROM
1 2 3 & 5 6 1 89 10 11 12 13 14 15 16 _TuTaL

100]
.+, Eawrern Seaboard (1) 1,262 309 64 779 75 148 555 1,881 8 72 81 5,234
"y 11)inois/indlana/Michigan 55 2,698 494 60 546 2,408 211 6,882 4,060 14,408 280 1,00,/ 49 3,023 36,273
M Raa-as 4,759 69 2,213 292 8 1,646 251 77 9 1,509 10,442
€1 Keeo _ckyi0alo/Tennessee 220 1,53 80 292 6,408 127 5,279 4 b 379 15,013
Tl raske Missourd forth & 1 1,626 171 224 2,101 177 ” &, 508
t) Oklahoms 80 8,368 192 3,829 3 23 63 11,5$8
1} Alaocamalarkansas/Mississippi 483 - 3,249 3,774 394 7,901
8) Louislana 946 - 1,3s7 30,577 6,148 39,028
9) New Mexico . 2,424 ] 1 2 o 2,459
10)  Texas 1,117 - 29 391 817 6,667 877 66,135 118 283 16,476
11) Colorada 740 21 237 617 1,675
12) Montana .- 1,168 1,489 2,657
13) Utah 1,425 R 1,528 569 3,600
Ju)  wyowing 153 40 65 2,837 3,095
i5) Western Seaboard (2 . 130 1,055 - 26,924 3,057 32,066
10) Alaska/Hawaii 1,82 1,828
UiALS 4,083 4,541 4,959  {,643 2,21.;*13.5% 6,96 54871 7,904 101.914 3164 2,738 3337 10711 26,92¢ 5.807 2°%.H%8

1; Melasvare/M: :yIand/YIorida/GeorgialVTr_g‘iniaTN?eV Je}seifN.éw YorT<-/|5€nnsyIvania (zP.A.D.;)
/v i\« ~rniaiOregon/Washington (zP.A. D. V.) o

source :  Arthur D. Little, lnc.,eatﬁnhtea.




3  Total Donestic Production and Projected Refining Capacity

The projected refining capacity for each of the sixteen refining ceaters
and the optimstic and pessimistic crude oil and natural gas liquids
forecast, including the expected 0CS production, are shown in Table IV-11.

These projections show that:

« Estimated future available refining capacityis expected t~
grow at 2%per year between 1975 and 1980. This growth can
be broken down into a growh of 5% per year for the eastern
seaboard refineries, 2% per year for refineries in Louisiena,
3% per year for refineries in Texaa, 3% per year for refineries
in western seaboard and 3% per year for refineries in Al aska.
Refining capacity in the other el even areas considered are
expected to grow only slightly between 1975 and 1980;

« Under the optimistic production forecast overall production
is expected to grow at 2% per year from 1975 to 1985 or from
9.6 mllion barrels per day to 11.8 mllion barrels per day
and at slightly less than 1% per year between 1985 and 1990
or from1l.8 million barrels per day in 1985 to 12.3 mllion
barrels per day in 1990. This growth until 1985 is a result
of a significant growth in production of oil and natural gas
liquids in the eastern seaboard, the western seaboard and
Al 'askan onshore and of fshore areas which offsets the decline
in production shown to occur in the other onshore areas apart
from New Mexico and Col orado. The production in the eastern
seaboard areas is expected to grow at about 16% per year from
1975 to 1985 or from 120,000 barrels-per day to 550,000 barrels
per day. The western seaboard production is expected to grow
at 7%per year or from.8 mllion barrels per day to 1.60
mllion barrels per day. Production from A aska is expected
togrow at 30%per year from.23 mllion barrels per day to
3.27 nillion barrels per day. Increases in production in
onshore areas, apart from Al aska, is expected only to take
place in New Mexico and Col orado. There the production
under this optimstic scenario is projected to increase
from 330,000 barrels per day in 1975 to 424000 barrels per
day in 1985 for New Mexico and from 104,000 barrel s per
day in 1975 to 148,000 barrels per day in 1985 for Col orado.
As explained in the previous section, production in nmost of
the areas is supposed to increase between 1985 and 1990 as
a result of the increase in discovery rates between 1975
and 1985. This increase in production rates in the onshore
areas wWill offset the decrease in production rates in the
Quter Continental Shelf areas where production from areas
| eased through 1978 is expected to decline between 1985 and
1990.
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Arthur D, Little, Inc., estimates

Source:

TABLE IV-11

PROJECTED REFINING CA["ACITYl AND
PROJECTED DOMESTIC PRODUCTIO_NOF CRUDE OIL
AND NATURAL GAS LIQUIDS BY REFINING CENTER

(in million bls per year)

Projected Ref. Capacity by Ref. Center

1974 1975 1980 1985 1990

Eastern Seaboard 643 643 828 828 828
111/Ind/Mich/Wise 760 768 768 768 768
Kansas 165 166 166 166 166
Kent/Ohio/Term 292 292 292 292 292
Neb/Miss/N.S. Dak 135 142 142 142 142
Okl ahoma 184 201 206 206 206
Ala/Ark/Mississ 145 175 175 175 175
Loui si ana 649 657 741 741 741
New Mexico 42 43 43 43 43
Texas 1454 1468 1715 1715 1715
Col or ado 22 23 23 23 23
Mont ana 59 59 59 59 59
Ut ah/ | daho 56 56 56 56 56
Woni ng 68 68 68 68 68
Vst ern Seaboard 834 839 979 979 979
Al aska/ Hawai i 53 64 75 75 75
Tot al 5558 5664 6337 6337 6337
Production Forecast by Ref . Center
cprmmrerr;, INCLUDING ocs
1974 1975 1980 1985 1990
Eastern Seaboard 50 46 126 201 161
111/ 1 nd/ M ch/ W se 52 48 34 34 52 ,
Kansas 78 72 64 68 76
Kent / Chi o/ Tern .20 19 17 18 25
Neb/Miss/N.S.Dak 27 24 19 21 29
Okl ahoma 235 215 152 137 106
Ala/Ark/Mississ 87 79 57 27 30
Loui si ana 898 824 788 600 571
New Mexico 133 122 131 155 169
Texas 1556 1415 1097 1005 1039
Col or ado 41 38 39 54 78
Mbnt ana 36 33 25 14 24
Ut ah/ | daho 40 38 35 32 54
woni ng 151 139 130 157 188
Western Seaboard 333 307 434 594 575
Al aska/ Hawai i 71 84 538 1193 1317
Tot al 3807 3503 3687 4311 4494

Production Forecast by Ref. Center
PESSIMISTIC™ INCLUDING OCS

1974 1975 1980 1985 1990

Eastern Seaboard 50 46 95 132 100
111/ 1 nd/ M ch/ W se 52 48 31 26 38
Kansas 78 72 59 52 46
Kent / Chi o/ Term 20 19 15 12 15
Neb/Miss/N.S.Dak 27 24 18 16 18
k| ahoma 235 215 143 106 47
Ala/Ark/Mississ 87 79 55 24 24
Loui si ana 898 824 725 486 486
Nev Mexico 133 122 124 131 123
Texas 1556 1415 1062 885 813
Col or ado 41 38 34 37 44
Mont ana 36 33 23 8 12
U ah/ | daho 40 38 31 19 28
Woni ng 151 139 118 113 105
West ern Seaboard 333 307 384 456 439
Alaska/Hawaii 71 84 533 751 937
Total 38a7 3503 3453 3254 3276

lprojections for 1980 based on planned construction and expansion;

avail abl e capacity in 1985 and 1990 assumed to be the same as in 1980. iv-20



« I n the pessimistic production scenario production increases
fromthe Quter Continental Shelf areas between 1975 and 1985
will not be enough to offset the production decline in the
onshore areas. The overall production will decline at sonewhat
less than 1% per year between 1975 and 1985. Between 1985
and 1990, however, production is expected to increase, albeit
very little, by the small increase in discovery rates assuned
to take place between 1975 and 1985. The expected increase
in production fromthe Quter Continental Shelf areas anount
to 11% per year between 1975 and 1985 in the eastern seaboard
areas or from 120,000 barrels ner day to 361,000 barrels per
day, and at about 4% per year from 1975 to 1985 in the western
seaboard areas or from 840,000 barrels per day in 1975 to
1.25 nmillion barrels per day in 1985. The increase in
production from Al aska is expected, under this pessimstic
scenario, to be about 25%per year between 1975and 1985 or
i ncreasing from 230,000 barrels per day in 1975 to 2 mllion
and 58,000 barrels per day in 1985. As under the optimstic
forecast, production from those Quter Continental Shelf areas,
whi ch are assumed to be |eased through 1978, is expected to
decline between 1985 and 1990 and production from other areas
in general are expected to increase due to the slight increase
in discovery rates between 1975 and 1985.

h. Required Refining Capacity for New OCS Q|

Crude oil and natural gas liquids production from otherthan 0CS areas
under the optimstic scenario will provide for 5%to 10% nore avail able
refinery capacity as under the pessinmistic scenario. Production from
Outer Continental Shelf areas in 1985 can provide for an addition 4%

to 3% of available refining capacity under the pessinmistic scenario and
an additional 6%to 18% under the optimstic scenario (see Figure 1v.20).
Wth production fromnew OCS areas importrequirements for refineries in
the U S. may be reduced by 10%to 15%in 1980, 10%to 30%in 1985 and
1990.

The | argest inpact by ocs production is expected to occur in the western
seaboard and Al askan refinery centers where capacity will have to grow

at 2% per year between 1980 and 1990 under the pessinistic scenario and
6% per year between 1980 and 1990 under the optinistic scenario. Avail-
able OCS oil in those conmbined refining centers will require as nuch

as 75% additional capacity in 1985 under the optimstic scenario

(see Figure 1v.21),

If OCS oil and NG liquids are not available fromnew CCS areas, then
for all other refining centers it can be expected that domestic crude
availability will decrease relative to the projected refining capacity
until 1985 to a slight increase between 1985 and 1990 relative to 1985
1985 levels (see Figure 1v.21). New supplies from CCS areas

[V-51

Arthur D Little Inc



!

T

—

Percent Canaciey Utflization

'.I l: e . ! ! " ' : o ' . ' é . A
____4:_ | |l-.|.. . - .'ll e Pgrcqn_t capacity utilization W th pess-
B ' i ¢ imistic forecast of 'oil production
L | ! . .. ' .
i L : Percent capacity utilization with
T T — s — optinistic forecast of oil
‘ | : product ion '
SO ; | ‘ R I 1 b
S SET R SRR . - Potential addition to capacity utiliza-
. 1 ! | . tion by OCS production
. 1 ! ‘ |
e = — .- P S — —
f . ® Capacityi n 1985 and 1990 assumed
’ | t constant at 1980 |evel
I e e R S L
\ ! I
L oL | , - !
L:., ;’ | j e : q- ‘;
= fmd -0 ; ' |
- ' g ! | | i
. | o
- ; f ! 5 . .’
- e A -
? :: ; o ———— LR v
| t - i
- l T ! i |
7 } -
- { I
—_—t ___—=___ i
, i , .
! | f ! !
i —m— .
N | T :
e R !
- — T T J i
- i i
| =
g = BEnL SN
. : [
Il R R D
; . .
) t { : {
....... e - l
o : ; ! | | : i
— 1 R :
<y a/ ___" i :r - - Ai ~-';
r»: / ‘ i ‘ i ' E
— ] | ] 1 i
B R I
h N ' o ! ‘
".J—_' | L. ;_____,i..._‘
. 1 ; e , !
1;-) | Sourca “ idrthur D.j Litgle, irc.,
5 es tifnafes.

Total U S, Donestic Crude 0il
Production asS a percent of
Re f ining Capacity

| V-52

Arthur D Litde fiw



.

[ A A russ Luy w18 gy 4@ rest el g Py Kkl =1

P Y] [

k.

|
'
.

-
N

.

>

a
s
a

LR I VSN NSRS J
.
>

o

L LI P FITS /) 1 o . v e oW an o
a

LT _
NI . IR IRC I

| [ i
*sajemylsa ¢ 'sul ‘8T113T1 (g u:pu~< :321n0g

MITe A

vouus s
vl!}!c‘.?l;..»_,:...li

f
W Ay R a S .
DRI N e L WOEIALT M ANy IR, Daas

-

|

[ R LI AL YIS

1

[IES T, ol

——— e = |

v st ocoeaw)y

e ae

>,

R TTITY T I}

FI GURE 1V.21 Regional Donestic Crude 01l

a-s a Percent of Refining

Capaci ty

|'V-.53

Arthur D Littlelnc



will only change this trend substantially in the eastern seaboard refining

center which historically relied nostly on inported crudes. A4s shown in
Figure 1Iv,21, 0CS crude oil and NGL |iqui ds can increase the relative

amount of domestic crude oils processed in refineries there from about
10% in 1975 toas nuch as 25% in 1985. Depending om their proximty to
the potentially producing areas on the OCS, inport requirenents can be
substantially reduced in other refining centers also by production from
new OCS areas.

2. | npact of OCS Gas Production on U.S. Natural Gas Curtail ment Potentia

In assessing the ability of OCS natural gas production to substantially
alleviate anticipated shortfalls in natural gas supply, three scenarios

of OCS natural gas idstribution anpbng states were exam ned to determ ne
regional inpacts of both added supplies from OCS areas and the manner in
whi ch these added supplies mght be distributed. Al scenarios follow

the Federal Power Conmission curtailnent priorities in allocating available
supplies first to residential and conmmercial users and lastly to industria

users and electric utilities

The first scenario assuned that all natural gas - fromonshore as well as
ocs production, Inmports, and other supplenental sources - would be
distributed among the states such that any shortfall in supply would be
shared proportionately anong all states. The other two scenarios assumed
that producing states would retain as nuch of their onshore production
needed to satisfy state demand; surplus onshore production, OCS production
and ot her sources of natural gas would then be distributed nationally in
one scenario and regionally in the other. These three scenarios are

di scussed in nore detail below follow ng a discussion of the assunptions

enpl oyed in the demand and supply projections

a. Denmand and Supply

In order to nmaintain a basis for meaningful conparison between demand and
supply of natural gas, projections have been based on Bureau of M nes
historical statistics of gross withdrawals in the case of supply and of
final deliveries to consuners in the case of demand. CQur estinmates of
natural gas demand in 1975, 1980, 1985 and 1990 is shown in Table IV-12
by census division region and end-use sector. Conpared with 1974 denand
(Table 1'V-13), residential and commercial requirenents are expected to
increase as a percentage of total demand while industrial and electric
utility needs are expected to show a relative decrease, although
industrial users are anticipated toremain the highest volume users
through 1990. Residential demand is projected to increase from 25. 1% of
all 1974 natural gas deliveries to 31.3% of 1990 denand, conmercial needs
are expected to increase from 11.9% of all users in 1974 to 18.2% of 1990
demand, industrial demand is estimated to decrease from 43.5% of the 1374
total to 40.9% in 1990 and electric utility requirenents are anticipated
to drop from 18% of 1974 deliveries to under 8% of total demand in 1990.
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REGION

New England
Middle Atlantic
E. North Central
W. North Central
South Atlantic
E.South Cent r al
W.South Central
Mountain

Pacific

Total U.S.
% of Total

New England
Middle Atlantic
E. North Central
W. North Central
South Atlantic
E. South Central
W. South Central

Mountain
Pacific
Total U.S.
7 of Total
NOTE .

Source: Arthur D. Little,

)
n

TABLF,

v-12

PROJECTION_ OF U.S. NATURAL GAS DEMANDBY REGION AND END-USESECTOR 1977,.-1990

Inc.,

1975 1980
Electric Electric
Peedidiemtiiall | Commeerdial | [ndustria]| _Utilities | Other| Total Pesidential | Comme-rcial| Industrial | Utilities| Other| Total
143,13 59.8 49.9 9.1 5.4 267.5 173.1 79.7 57.9 9.8 8.9 329.2
764.9 2B80.9 496.3 64.6 27.3 1633.8 2351.5 347.2 558.3 86.3 27.9 1871.2
1553.0 740.1 1626.9 157.6 29,5 |4107.1 1741.0 912.0 1792.1 127.0 30.8 | 1603.0
532.3 315.1 587.5 165.0 58,1 183/3.1 590.b 364, 3 565.0 266.1 62.3 | (848.2
343.3 186.1 613.6 236.1 29.1 | 1408. 1 415.7 225.0 606.3 218.4 28.3 | 1493.7
207.9 127.:9 497.8 38.1 22.7 gou L 4 230.4 163.4 473.5 13.9 22.2 | 883.4
4421 192.7 3244.2 1323.6 76.8 | 527'1.5 hu4 .7 219.7 3206.4 163.1 76.4 | 4165.3
362.5 162.3 182 .5 178.8 y9.1 | 1015.8 9.4 021 375. 7 93.9 36.7 | 1028.7
657.0 281.8 815.6 335.2 1.9 | 2126.4 1410 3.7 977.5 495.8 20.5 | 2514.1
4906. 4 2346.6 8334.2 7687.9 95,4 8570 .6 S963.4 2 7.0 8557.6 1474.3 214.0 | 3736.4
26.4 12.6 44,9 14.9 1.6 100.0 29.7 3.1 45.6 7.9 1.7 100.0
1985 1990 _
209.1 106.3 67.1 10.5 20.7 413.7 752.6 ] 42.0 77.9 11.3 65.8 | 549.7
949.0 4139.1 628.8 117.8 28.7 | 2163.3 10$8.7 469, 708.9 163. 8 29.5 | 2530.1
1953.6 1128.7 1976.2 114.9 32.3 | 5205.7 2194.2 1402.4 2181.5 112.8 33.9 | 5924.7
655.6 421.7 545.4 211.1 70.6 | 1904.3 728.0 488.8 528.4 171.3 87.7 | 2004.1
505.4 276.8 612.7 203.4 27.8 | 1626.1 616.9 346.9 631.2 190.5 27.6 | 1813.1
255.4 160. 9 453.4 10.5 21.8 902.0 281.4 180.7 437.0 10.6 21.4 | 933.1
565.5 250.7 3216.4 0 75.9 | 4108.5 640.6 286.4 3279.1 0 75.5 | 4281 5
392.6 253. 4 400.4 57.8 45.9 | 1150.1 485.6 319.9 460.8 39.1 58.4 | 1363.8
840.6 395.6 1022.2 734.1 25.1 | 3017.7 958.0 469.9 1136.9 1087.4 30.9 | 3683.0
6326.7 3433.2 6922.5 1460.1 48.8 | 0491.3 7218.0 4206.0 9441.7 1786.7 1430.7 | 3083.9
30.9 16.8 43.5 7.1 1.7 100.0 31.3 18.2 40.9 7.7 1.9 | 100.0

Numbers may not add due to rounding.
estimates.




1974 DELIVERIES OF NATURAL
GAS BY REG ON AND END- USE SECTOR

TABLE [V-13

(billion cubic feet)
Electric

State Regioa Residential  Commercial Industrial Wilities Other Total
Al abama 55 34 159 5 1 254
Al aska 4 1 14 17 6 48
Arilzona 32 31 65 40 2 170
Arkansas 44 30 158 40 1 273
California 580 220 642 293 9 1744
Col orado 92 63 78 66 5 305
Connect i cut 33 16 16 1 1 66
Del avar e 7 3 9 1 0 20
Flori da 15 19 92 155 « 284
Georgi a 76 41 162 43 3 325
Hawali | 0 0 0 0 0 0
[ daho " 7 31 0 1 49
[11inois 462 213 410 43 3 1130
[ ndi ana 158 74 271 14 2 519
| owa 92 61 133 61 3 350
Kansas 93 50 165 165 3 477
Kent ucky 76 35 74 5 7 197
Loui si ana 92 29 1091 344 29 1585
Mai ne 1 1 0 0 0 2
Maryl and 83 36 58 14 7 197
Massachusetts 85 34 24 7 4 155
M chi gan 346 182 330 56 7 922
M nnesot a 113 60 106 38 30 348
M ssi ssi ppi 29 15 124 42 11 221
M ssouri 153 74 110 48 16 401
Mbnt ana 22 14 35 1 2 75
Nebr aska 49 38 70 48 4 210
Nevada 9 8 9 31 6 63
New Hanpshire 4 2 2 0 0 8
New Jer sey 136 57 65 15 1 275
New Mexico 25 13 64 67 12 182
New York 341 119 109 38 18 624
North Carolina 27 17 87 1 4 136
North Dakota 10 12 3 0 0 24
Chio 436 183 425 21 10 1074
Gkl ahoma 73 38 147 294 3 555
Oregon 22 13 55 0 0 91
Pennsyl vani a 272 94 311 8 8 693
Rhede | S| and 13 4 4 2 1 24
South Carolina 20 14 73 22 1 130
South Dakot a 11 11 5 4 1 32
Tennessee 44 41 147 0 4 235
Texas 223 91 1861 1335 43 3552
U ah 50 6 57 3 0 116
Vermont 2 1 1 1 0 5
Virginia 48 21 51 5 8 139
\Wshi ngt on 36 32 108 0 1 177
Vst Virginia 54 23 86 0 2 165
Wisconsin 116 59 160 34 7 376
Wonmi ng 12 13 47 1 1 74
Total U S 4786 2263 8306 3429 293 19077

% of Total 25 12 43 8 9 100
Source: Arthur D. Little, Inc., estinates.

1V-56

Arthur D Little Inc



This denmand forecast was derived fromthe projections of natural gas
consunption as prepared by the Gas Requirenents Committee*, with certain
modi fications to allow for charges in the supply/demand situation s nce
19’3, when the projections were nade.

In the case of electric utility denmand for natural gas certain modifi-
cations were deened necessary in light of the current trend to reg-‘ate

ut.iity usage of this fuel. In particular, it has been assumed tha:
the regul atory environment represented by the Texas Railroad Commi:sion's
re;.ired reduction of natural gas as a boiler fuel will intensify ir

the Qul f Coast area. For Arkansas, Louisiana, M ssissippi, Cklahoma
and Texas a 34.2% annual decrease in electric utility natural gas
use is anticipated with such usage phascd out conpletely by 1985.
Siunce natural gas delivered to electric utilities in these states
represented nearly 11% of total 1974 deliveries of natural gas, this
assunption could be critical to the study results and has therefore
bee1 examined in the sensitivity anal yses discussed |ater.

F~~ the total U S., demand is expected to grow at only 0.2%a year
be wcen 1975 and 980, prinarily due to a rapid decrease (11.3% per
ye>v) in electric vt 1litv demsnd as usage of natural gas as a boiler
fue.r is phased out. Between 1980 and 1985 the decrease in electric
utility requirements is estimated to slowto .2% a year and consequently
overall U S. demand is projected to grow annually at a rate of 1.8%
between those years. From 1985 to 1990 the annual growth in total
U S. demand for natural gas is expected to increase further to 2.4%
From 1975 to 1990, average annual growth rates in U S. natural gas
demand are estimted at 2.6% for residential;. 4,0% for commercial,
.8% for industiral, -2.7% for electric utilities and 2.5% for other
users. This represents an overall annual growth in demand for the
US of 1.5%for the 15-year period.

Te determine the anount of gas available as final deliveries to
customers, our projections of domestic natural gas production were
reduced by 20%to allow for gas used for repressuring and for gas
| ost by venting and flaring, by extraction in natural gas |iquids
plants and during transnission to the point of delivery.

To assess the potential inpact of new gas supplies from OCS areas,
the projected demand for natural gas on a state by state basis was
compared with four different projections of natural gas supplies
(see section IV.B.3):

« A pessimstic forecast of onshore production and production
fromexisting offshore fields but excluding gas from new
OCS areas (the “Pessimistic Base Case"};

« The sane pessinistic forecast including a pessimstic
forecast of expected OCS production (the “Pessinmistic
Case with 0CS'");

*
Future Gas Consumption of the United Sates, Vol une 6, Gas Requirenents
Comittee, Denver Research Institute, Univ. of Denver, Colorado, 1975.
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«An optimistic forecast of onshore production and production
fromexisting offshore fields excluding gas fromnew OCS
areas (the “optinmistic Base Case");

«The sane optinmistic forecast including an optimstic forecast
of OCS production (the “Optinistic Case with 0CS"}).

Estimates of supplenmental sources of natural gas are shown by state in
Table 1V-14 and include Canadian inports, LNG inports, coal gasification,
SNG, and other sources. Estimates of Canadian inports assune con-
struction of a pipeline fromArctic fields such that Arctic inports

are available by 1985. This projection of supplies fromcoal gasifi-
cationmayal so be considered optimstic. These two assunptions
regarding suppl enental sources are examined further in the sensitivity
anal yses.

b. Projected Shortfalls

Table IV-15 provides the total U S. shortfall in natural gas supply
relative to projected demand under each of the four cases of assuned
supply.  The percentage shortfall 1s graphed in Figure |V.22 show ng
potential decreases in shortfall that mght be expected with OCS
production under either a pessimstic or an optimstic supply
forecast. The results indicate that:

e Under a pessimstic forecast of supply, OCS production could
reduce supply shortfalls as much as 36%in 1985 - from 22%
to 14% of total demand - and by 1990 coul d reduce the short-

fall from 32% of demand to 26% *

o Under an optinistic forecast of both onshore and CCS
production: a 42%reduction in the supply shortfall for
1980 with OCS production - a drop in shortfall from 17%to
10% of demand - could be expected. By 1985 OCS production
could turn a 10% shortfall into a 450 billion cubic feet
surplus and by 1990 the optinistic forecast of OCS production
shows supply shortages reduced by 67 percent, from13 to 4%
of total demand.

In order to assess the regional inpacts of these overall U S. short-
falls in supply, three scenarios of supply distribution were exanined.
The first assumed that future allocations of natural gas supply woul d
be gui ded above all by end-use priorities and that available supplies
woul d be distributed nationally to satisfy all residential requirenments
first, then commercial demand, next “other” and industrial users and
finally electric utility needs. Under this National Distribution
Scenario, therefore, any shortfall would be shared proportionately
anmong all states.
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TABLE 1v-14
SUPPLEMENTAL SOURCES ofF NATURAL GAS BY STATE

1974 1975 1980 1985 1990
| MPORTS
California 0 0 0 500 500
[ daho 405 385 340 0 0
Il1linois 0 0 0 400 400
M nnesot a 256 245 215 200 200
Mont ana 48 45 40 50 50
New Yor k 5 5 5 0 0
Oregon 0 0 0 200 200
Ver mont 5 5 5 0 0
Washi ngt on 239 225 195 200 200
W sconsin 0 0 0 150 150
Total U S 958 910 800 1700 1700
LNG
California 0 0 0 200 300
Geogla 0 0 165 260 300
Loui si ana 0 0 0 0 160
Maryl and 0 0 300 500 700
Massachusetts 10 15 35 40 40
New York 0 0 100 100 100
Rhode | sl and 0 0 100 100 100
Total U.S. 10 15 700 1200 1700
COAL GASI FI CATI ON
[Ilinois 0 0 50 250 400
Kent ucky 0- 0 0 100 200
New Mexi co 0 0 50 250 300
North Dakota 0 0 50 200 300
Pennsyl vani a 0 0 0 100 100
Woni ng 0 0 0 100 200
Total US. 0 0 150 1000 1500
SNG
[Ilinois 30 50 70 90 90
Maryl and 0 0 10 10 10
Massachusetts 0 10 15 30 30
M chi gan 15 30 40 40 40
New Jersey 10 50 75 100 100
New Yor k 15 20 40 70 70
Chio 10 40 50 60 60
Total U.S. 80 200 300 400 400
OTHER
California 0 0 50 100 200
Colorado 0 0 50 100 150
Illinois 0 0 0 50 100
Maryl and 0 0 0 50 75
Nev Jersey 0 0 0 40 75
Pennsyl vani a 0 ) 25 50 75
Texas 0 0 25 50 100
Ut ah 0 0 0 60 100
virgiria 0 0 25 50 100
weat Virginia 0 0 25 50 125
Total w.s. 0 0 200 600 1100
TOTAL SUPPLEMENTS 1046 1125 2150 2900 6450

Sonree: Arthur D. Little, Inc., estimates.
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Total U 'S. Demand

supply

Pessim stic Base Case
Pessim stic Case with OCS

Optimstic Base Case
Optimistic Case with 0CS

Shortfall - Billion Cubic Feet

Pessim stic Base Case
Pessim stic Case with OCS

Optinmistic Base Case
Optimistic Case with 0CS

Shortfall - Percent

Pessim stic Base Case
Pessim stic Case with OCS

optimistic Base Case
Optimistic Case with OCS

Source;: Arthur D. Little, Inc

TABLE |V-15

TOTAL U.S. SHORTFALL | N NATURAL GASSUPPLY

(Billions of Cubic Feet) ‘™"

1975 1980 1985 1990
18,579.55 18, 736. 36 20,491.29 23, 083. 03
18,051.25 14, 757. 79 16,010.73 15, 671. 25
18,051.25 15, 826. 61 17,641.77 16, 976. 90
18,051.25 15,510.20 18,435.65 20, 006. 21
18,051.25 16, 854. 33 20,939.25 22,074, 18

519.3 3,978. 57 4, 489. 56 7,411.78
519.3 2,909. 75 2, 849. 53 6,106.13
519.3 3,226.16 2, 055. 65 3,076. 82
519.3 1,882.03 0.0 1, 008. 85
2.80 21.23 21. 87 32.11
2.80 15. 53 13.91 26. 45
2.80 17.22 10. 03 13.33
2.80 10. 04 0.0 4.37
estimat es.



Figure 1V.23 shows the total U S. percentage shortfall (and correspon-
dingly that of each state and region) by end-use sector under both
pessimi stic and optimstic forecasts of supply, assum ng nationa

di stribution. If a pessimstic forecast is assunmed, with or wthout

OCS production, electric utilities would be curtailed 100% Industria
use woul d experience as much as a 60% shortfall by 1990, which could

be reduced to approximtely 46% with OCS production. Under an optimistic
forecast without OCS production, utilities would again be curtailed 100%
and industrial users as much as 20% (in 1980). An optimstic forecast

of OCS production would elimnate industrial curtailnment In 1985 and
1990 and reduce the utility shortfall to 56%in 1990 and zero in 1985.

Since a National Distribution Scenario requires only that all states
share the total U S. shortfall proportionately by end-use sector
states aswellasregions will differ in the total percentage short-
fall of supply experienced. Figure IV.24 shows the total percentage
shortfall for each of the 9 census division regions under an assunption
of national distribution. These results indicate that for a region
where residential and conmercial demand are a significant proportion
of the total (e.g., over 70% in New England), the percentage shortfall
under a National Distribution Scenario will be relatively small. For
a region where the bulk of natural gas demand is fromindustrial users
and electric utilities (e.g., 50-60%in the Pacific region and well
over 75%in the West South Central), the percentage shortfall wll be
relatively large.

The second distribution scenario assumed that all producing states --
defined here as any state producing at least-two-thirds of its denand
from onshore areas - would retain as nuch of that production needed to
sati sfy demand. Any surplus in onshore production as well as production
from “non- produci ng” states and OCS areas, inports and other supplementa
sources would be distributed nationally. The assunption here was that
OCS production woul d displace traditional sources of natural gas supply,
whi ch woul d be pushed further back in the distribution pipeline. Thus
no one region would benefit substantially from geographical proximty

to a particular OCS area. Again the FPC curtailnment priority schedul es
were followed in this supply distribution

Figure IV.25 shows the total U S. percentage shortfall in supply by end-
use sector under this States’ Rights with National Distribution Scenario.
In contrast to the National Distribution Scenario, regional and state
shortfalls by end-use sector are not the sane as that of the total

Us. In addition, electric utility curtailment does not have to

reach 100% before industrial shortages occur (since producing states

may satisfy all of their electric utility needs even though ot her

states mght show substantial industrial shortfalls). Regional short-
falls by end use sector are shown in Figure V.26 with regions conprised
maily of non-producing states showing the |argest end-use shortfalls

and regions of producing states, such as West South Central which

i ncludes Texas and Louisiana, showing little or no shortfalls.
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Distribution Scenario
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In Tigure | V.27 total percentage shortfall is graphed for each censuc
division region. Since OCS and surplus onshore production is shared
nationally by priority users, regions such as New England with larger
proportions of residential and comercial demand are not penalized
for lack of producing states. On the other hand, regions with high
prorortions of industrial and utility gas requirenents may show
sul..zantial shortfalls if they lack significant |evels of regional
ons=ore production (e.g., Pacific).

The © inal scenario assumed again a states’ rights position with regard
to the onshore production of producing states. Surplus onshore
production, OCS production, inmports and other sources would then be
distributed regionally (i.e., would remainwithin the census division
region of origin) until regiornal demand was satisfied. Any left over
supplies would be allocated nationally to the highest priority users.
Under this “States’ Rights with Regional Distribution Scenario” it 1is
assumed, therefore, that OCS production will not displace traditional
supnlies but will supplenent existing supplies of the nearest onshore
region.

Total U S. percentage shortfall by end-use sector is shown for the
Staces' Rights with Regional Distribution Scenario in Figure 1vV.28
Under this scenario total U S. shortages in the industrial and
electric utility categories are reduced relative to the other two
scenarios. However this manner of distributing OCS supplies does
result in curtailment of higher priority users - “other” and
commercial - with a pessimstic forecast of production. End -use
sector shortfalls are shown regionally in Figure 1v.29 while total
shortfall by region is shown in Figure 1v,30," As can be expected,
this scenario for distribution of supply exacerbates regional
differences in supply availability to the greatest degree. On the
one hand eectricutility requirenents may be satisfied fully in
the Muntain states while Mddle Atlantic comercial users are
curtailed.

C. Sensitivity Analyses

Further anal yses were conducted to test the sensitivity of the study
results to alternative assunptions for two key assunptions made in
t he supply/demand projections.

The first assunption was that electric utility usage of natural gas in
five Gulf Coast States would be reduced by 34.2% per year and phased
out conpletely by 1985 in response to governmental regulation. Based
on the 1973 FRC forecast of natural gas consunption, it is estinated
that unregulated utility demand for this area could increase approx-
imately 3% per year from 1975 to 1990. Table |V-16 shows the increase
in demand that could be expected fromthis alternative assunption and

the resulting inpact on total US. natural gas shortfall. Statistics
fromthe "base” study are included for conparison. Wth this higher
| evel of demand, the total U S. shortfall increases considerably
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TABLE 1IV-16
TOTAL U.S. SHORTFALL OF NATURAL GAS SUPPLY W TH HIGHER ESTI MATES OF UTILITY DEMAND

1975 1980 1985 1990
Base Study Denmand (TCF) 18. 57 18.74 20.49 23.08
Increase due to higher electric
utility demand (ICF) . 12 2.25 2.86 | 3.42
Revi sed demand estinates (TCF) 19. 29 20.99 23.35 26.50
Base Revi sed | Base Revi sed | Base Revi sed |Base Revisec
Percentage Shortfall: Study Demand |Study Demand | Study Dermand | Study Denmand
- Pessimstic Base Case 2.8 6.4 21.2 29.7 21.9 31.4 32.1 40.9
- Pessimstic Case with 0CS 2.8 6.4 15.5 24.6 13.9 24.5 26.5 36.0
- Optimstic Base Case 2.8 6.4 17.2  26.1 10.0 21.1 13.3 34.5
« Qptinistic Case with OCS 2.8 6.4 10.0 19.7 0 10.3 4.4 16.7

I"Bage Study” assumes that electric utility usage of natural gas in the five Gulf Coast states
will be reduced by 34.2% per year and phased out conpletely by 1985.

‘'Revi sed Denand’ ‘assunmes that utility demand will increase at approxi mately 3% per year from
1975 to 1990.

Source: Arthur D. Little, Inc., estimates.




relative tothe base study shortfalls. Under pessimstic forecast of
supply excluding OCS production the 1990 shortfall increases from
320 to 41% Wth oCs production the shortfall increases from 27%

in the base demand study to 3¢~ with higher demand. Under an
optimstic forecast of supply, the 1990 shortfall is 25% w thout OCS
production and 17% with OCS production, conpared to 13% and 4%
rerpectively, in the base study.

A second sensitivity analysis exam ned the assunptions that Arctic gas
wil” be available for inport by 1985 and that coal gasification wiil
progress significantly beyond a denmonstration-plant phase by 198S

In an alternative assunption the 1980 levels of these sources wll

be maintained through 1990, total adjusted supply to consumersis
decreased by 1.6 TCF in 1985 and 2.1 TCF in 1990. The resulting
impact on total U. S. shortfall is shown in Table |V-17

The results of these sensitivity analyses, as well as the shortfal
thzt woul d be expected if both higher demand and | ower supplies were
to prevail, are graphed in Figure Iv.31 along with the base study
percentage shortfalls for conparison. Relative to the 1990 base
st_.y results, assuming a pessimistic supply forecast and no OCS
production (32% shortfall), total US. shortfall increases to 41%
under either |ower supply or higher denmand estimates and to 49% with
both lower supplies and higher demand. 0CS production could decrease
these shortfalls to 36%in the case of either |ower supply or higher
demand and to 44% of both higher demand and |ower supply are assuned
Wth optimstic forecasts of domestic supply, there is a 33% shortfal
in 1990 (no OCS production) under a higher demand plus | ower supply
assunption conpared with only a 13% base study shortfall. Wth OCS
production the shortfalls decrease to 24% and 4% respectively.

D.  CAPI TAL REQUI REMENTS

The capital expenditures which are required for exploration and devel op-
ment of each OCS area were determined as a part of the cost and
production projections. These expected annual and cumul ative capital
expenditure projections for the various OCS areas are summarized in
Table IV-18 for four different oil and gas price levels. The price
levels are for oil and gas, respectively: (1) $4.50/bbl, $0.75/MCF;

(2) $7.50/bbl, $1.25/MCF; (3) $12.00/bbl, $2.00/MCF; and (4) $18.00/bbl,
$3.00/MCF. As the prices increase, smaller fields are devel oped and
the increases in capital expenditures with increasing prices reflect

the additional field developnments. The capital requirenent projections
explicitly exclude | ease costs to the Federal Government, these |ease
costs have historically represented a significant portion of the tota
costs of developing a field.

The annual capital expenditures are expected to reach a maxi num around
1980 followed by rapid decline as fields are conpleted to about 10%

of the 1980 expenditure in 1985 and still less in 1990. Considering
the price scenario of $12.00/bbl for oil and $2.00/MCF for gas in
Table 1V-18, the total expected capital requirements for all CCS areas

| V-73
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TABLE 1Vv-17

TOTAL U.S. SHORTFALL OF NATURAL GAS SUPPLY
W TH LOAER ESTI MATES OF SUPPLEMENTAL SOURCES!

1985 1990
Decrease in Supply Rel ative
to Ease Study 1,611.08 2,111.08
Revised Estimates of Supply
Tegsimistic Base Case 14,399.65 13, 560. 17
megsimistic Case with 0CS 16,030.69 14, 865. 82
- Optinistic Base Case 16,824.57 17,895. 13
- Optimistic Case with OCS 19,328.17 19, 963. 01
Base Revi sed Base  Revised
Percentage Shortfall Study  Supply_ Study Supply
- Pessinistic Base Case 2.9 29.7 32.1  41.3
- Pessimstic Case with OCS 13.9 21.8 26.5 35.6
- Optimstic Base Case 10.0 17.0 13.3  22.5
- Optimstic Base Case 0 5.7 4.4 13.5

lsupplemental supplies from coal gasification and from Arctic gas
sources will, through 1990, remain at the sane low |l evels as

assunmed for 1980.

Source: Arthur D Little, Inc., estinates.
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N. Atlantic

Mid Atlantic

S. Atlantic
Total

Gulf of Mexico
E. Gulf MAFLA
Cent. & West Gulf
Total

Pacific OCS
S. California
Washing. /Oregon
Total

Alaska OCS
GOA East
GOA Kodiak
GOA S. Aleutian
Lower Caok Inlet

« Bristol Basin
Bering Sea- Norton
Bering-St. George
Chukchi Sea
Beaufort Sea
Total

Grand Total

Scarce: Arthur

TABLE Iv-18

ANNUAL AND CUMULATIVE CAPITAL EXPENDITURES FOR OIL AND GAS PRODUCTION 1R OCS AREAS
($ millions)

$4.50/Bbl - $0.75/MCF

$7.50/8bl - $1.25 MCF

$12.00/Bbl - $2.,00/MCF

$18.00/Bb1 - $3.00/MCF

TCTum. Thru um, Thru Cum. Thru Cum. Thra

1980 1985 1990 1990 1980 1985 1990 1990 1980 1985 1990 1890 1980 1985 1990 1990
46°.65 0 0 272.46 92.10 0 0 480. 58 116. 13 0 o 576.48  118.60 0 0 584.94
82.68 0 0 474.93  136.02 0 0 755.45 161.61 0 0 852.08 164.06 0 0 860.92
10.49 0 0 42.93 52.47 0 0 228.29 68.28 0 0 304.46 69.64 0 0 309.88
139.81 0 0 790.32 280.58 0 0 1464, 32 346.01 0 0 1733.00 352.30 0 0 1755.73
32.16 8.01 1.32 33471 53,42 K. 01 1.132 810.14 53.52 8.01 1. '12 830.90 53.52 8.01 1.32 831.26
337.41 51.52 17.91  2199.62  700.75 b4.19 17.91  3814.51  741.84 65.44 17.91 3978.64 742,01  65.44 17.91 3979.89
369.57 59.54 19.23 2534.33  754.27 72.20 19.23  4624.66 795.36 73.45 19.23  4809.54  795.53 73.45 19.23 4811.15
133.03 0 0 882.36 230.30 11 1] 1432.91 260.62 .11 0 1567.96 270.17 11 0 1602.65
55.54 0 0 161.66 145.91 0 0 413.47  169.83 0 0 500.90 174.72 0 0 517.81
188.57 0 0  1044.02 376.23 11 0 1846.37  .430.44 .11 ) 2068.86  444.90 .11 0 2120.46
-— -- - -- 118.55 .98 0 582.95 192.66 .98 0 923.73 216.95 .98 0 1070.67
- -- - -- 30.68 .08 0 142.58 60.72 .08 0 286.22 70.56 .08 0 348.26
- - - - -- - - - .- - - 1.37 2.63 0 19.12 5.33 4.89 0 51.24
44.18 48 a 130.32 201.35 73 0 731.80 251.17 79 0 983.46  311.69 .19 0 1157.63
-- - -- - 34.85 21.96 0 333.64 55.88 26.94 0 466.53 66.70 28.92 0 584.37
- - o -- - 32.02 8.52 0 246.53 57.16 11.05 0 389.37 66.22 11.84 0 453.13
-- - - - 116.26 1.74 0 479.87 139.93 1.74 0 626.86 181.59 1.74 0 840.87
-- - o - 2.37 0 0 12.34 4.62 10.87 0 64.69 11.58  17.24 0 125.07
- - -- — 276.19 14.99 .23 1008.33 338.42 14.99 .23 1401.83 419.50  16.10 .23 1692.90
4.4.18 .48 0 130.32  817.26 49.06 .23 3538.04 1121.93 70.07 .23 5161.73 1350.13  82.58 .23 6324.12
742.13 60.02 19.23 4498.98 2228.32 121.37 19.47 11473.38 2693.75 143.63 19.47 13773.18 2942.86 156.14 19.47 15101.47

D. Little, Inc, estimates.




ir 1980 are $2.7 billion, in 1985 $144 nillion, and in 1990 $19 miilion
with a cumul ated required investnent fromthe present through 199C of
$13.8 billion (in 1975 dollars). The annual capital expenditures
arpear significant conmpared to the capacity of the oil and gas industry
for capital generation for exploration and devel opment. |t can be
estimated that the oil and gas industry invested about $4 billion in
1974 for exploration and devel opment. Henze, it must be concl uded

that the development of the oCSwill require a significant effort for
tl.e oil and gas industry during the peak years around 1980. If tbt=
p-:es increase, to $18.00/bbl for oil and $3.00/MCF for gas, only
swall additional investnments will be required in 1980 with an increase
from $2.7 billion to $2.9 billion in the capital requirements. The
breakdown of expenditures is described above in Section IV-A-2.

Taz cunul ated capital requirenents for the period through 1990 total
$13.8 billion (under the $12.00/bbl and $2.00 MCF price scenario).
Compared to the total capital narket, this amount appears very small
an: corresponds to less than .01% of the total GNP over the period.
When conpared to other expected energy related i nvestments which have
bsen estimated to be about one trillion dollars through 1990, the 0CS
de v2lopment al so appears reasonably small.

Tne total capital investment which will be required for exploration and
devel opment of the OCS is very uncertain and will vary extensively with
the amount of oil and gas which will be located. If the amounts of oil
and gas which are found are small, exploration will be pursued |ess
vigorously and perhaps be terminated early and small devel opnent costs
will be required. 1If the amounts found are |arge, the devel oprment
activities which will be required are also large. Figure V.32 presents
the uncertainties for the six consolidated OCS areas. For each area,

the capital which will be required for exploration and devel opment, may
vary extensively for different |levels of confidence. Hence, for the
Atlantic Coast, the likelihood is 95%that the capital requirenents will
be at most $0.5 billion; 75%Iikelihood that it will be $1.1 billion or
less; 50%|ikelihood that it will be $1.7 billion or less; 25%1likelihood
that it will be $2.4 billion; and 5% |ikelihood that it will be at nost
$4.2 billion, Between the confidence |evels of 75% and 25% (which
accounts for 50% of the expectations), the total capital expenditures
for the Atlantic Coast increase fromat nmost $1.1 billion to $2.4
billion, a range of 1 to 2.18. For the other OCS areas the uncertainties
vary simlarly as indicated in Figure 1IV.32.

*Capital Needs and Policy Choices in the Energy Industries. Report
submtted to the Federal Energy Admi nistration, October 1974 by
Arthur D. Little, Inc. (C77389).
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16.

North Atlantic

Md Atlantic

South Atlantic
Eastern Culf
Central Western Qulf
So. California
Santa Barbara

Vash. , Oregon &
No. California

@l f of Al aska, East

@l f of Al aska
Kodi ak

@l f of Al aska,
Al eutian Shel f

Lower Cook Inl et
Quter Bristol Basin

Bering Sea
(Norton Basin)

Bering Sea
(St. George)

Chukchi Sea
(Hope Basin)

Beaufnrt Sea

RESOURCE BASE SI ZE DI STRI BUTI ON GAS;
IN TRILLIONS OF CFT OF RECOVERABLE RESERVES

Cunul ative Percentiles

0. 1. 25. 50. 75. 95. 99. 100. F (Dry)
0. 2.4 3.0 5.0 6.8 9.0 15.0 20.0 30.0 0.40
0. 2.4 3.0 5.0 6.5 9.0 15.0 21.0 30.0 0.30
0. 0.6 0.8 1.2 1.6 2.0 3.0 4.0 5.4 0.60
0. 0.35 0.5 0.85 1.25 1.8 3.0 4.4 6.5 0.30
0. 12.5 7.0 8.0 38.0 55.0 92.0 125.0 175.0 0.0
0. 1.075 1.438 2.043 2.573 3.330 4.661 5.838 6.5 0.0
0. 0.0 0.0 0.201 .430 .883 2.412 3.421 5.0 0.40
0. 1 0.6 1.5 3.0 6.0 15.0 29.0 5.0 0.30
0. 0.06 0.12 0.45 1.0 2.0 6.0 13.5 30.0 0.60
0. 0.07 0.16 0.20 0.30 0.5 1.0 1.6 2.5 0.80
0. .8 1.0 1.6 2.2 3.0 4.5 6.3 8.4 0.0
1.6 2.25 3.0 4.0 6.0 8.0 11.0 0.50
0. 0.4 0.5 0.9 1.2 1.8 3.0 4.3 6.5 0.40
0. 1.5 2.0 3.8 5.5 8.2 15.0 23.0 35.0 0.50
0. 0.4 0.5 0.9 1.2 1.8 3.0 4.3 6.5 0.40
0. 4.0 5.0 7.5 10.0 13.5 20.0 20.5 35.0 0.25




10.

11.
12.
13.

14.

-
o

-
o

M g4nyuy

North Atlantic

Md Atlantic
South Atlantic
Eastern Gulf

Central Western Gulf

So. California
Santa Barbara
Wash. Oregon &

}

No. California

@l f of Al aska,

@l f of Al aska
Kodr ak

@l f of Al aska
Ateutian QI f

East

Lower Cook Inlet

Quter Bristol

Bering Sea
(Morton Basin)

Bering Sea
(St. GCeorge)

Chukchi Sea
(Hope Basin)

Beaufort Sea

£-v

Basin

RESOURCE BASE S51iZE DLISTRIBUTION A L;
INBILLTONS OF BBLS.

RECOVERABLE RESERVES

Cumul ati ve Percentil es

0. 1. 5. 25. 50. 75. 95. 99. 100. P (Dry)
0. 0 . 4 0.6 1.0 1.35 1. 3.9 4.0 cn 2.40
0. 0.8 1.0 1.67 2.2 3.0 5.0 7.0 10.0 0.30
0. 0.3 0.4 0.6 0.8 1.0 1.5 2.0 2.7 0.60
0, 0.35 0.5 0.85 1.25 1.8 3.0 4.4 6.5 0.30
0. 1.8 2.0 2.8 3.6 4.6 6.4 8.3 13.0 0.0

0.0 1.047 1.357 1.931  2.464 3.114 4.384 5. 465 6.0 0.0

0.0 0.0 0. 0.223  0.451 0.751 1.311 1.795 2.0 0.40
0.0 0.1 0.2 0.5 0 2.0 5.0 10.0 20.0 0.30
0.0 0.02 0.04 0.15 0.33 0.67 2.0 4.5 10.0 0.60
0.0 0.03 0.05 0.10 0.16 0.25 0.5 0.8 1.3 0.90
0.0 0.4 0.5 1.1 1.5 2.25 3.15 4.2 0.0

0.0 0.2 0.5 1.25 1.75 3.0 4.2 7.0 0.50
0.0 4 0.5 1.2 1.75 2.8 4.0 6.0 0.60
0.0 0.6 0.8 1.5 2.25 3.3 6.0 9.0 15.0 0.50
0.0 0.15 0.20 0.3 0.4 0.53 0.8 1.05 1.5 0.70
0.0 1.6 2.0 3.0 4.0 5.5 8.0 10.6 14.0 0.25



APPENDI X B

MAPS OF | NDI VIDUAL 0C S AREAS W TH | NDI CATI ONS OF HYPOTHETI CAL
DRILLING SIZES TN ACCELERATED 0CS LEASI NG PROGRAM

* . . . .
Source: Final Environmental Statement. Proposed Increase in Gl
and Gas Leasing on the Quter Continental Shelf

FES 75 United States Departnent of the Interior.
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-0

500/2,500/10,000 B/ D WELL PRODUCTIVITY

M NI MUM REQUIRED PRICE AS A FUNCTIONOF FIELD SIZE OIL

(Required Rate of Return - 15%)

($/B)

Field Size in MMBS

v

+— Case Assumptions—»

Distance
Water to
Depth Shore # Years
Area/Case 5 15 45 90 150 350 750 1400 2000 (Feet) (Miles)  Delayb
Atlantic ~ 500B/D 4334 18.34 10.08 7.81 7.50 659 5.71 5.65 5.78 400 75 4
2,500 » 41.02 17.17 885 6.74 5.82 460 4.06 3.78 3.57 " " "
10, 000 *“ 40.63 16.94 8.70 6.49 5.54 4.34  3.56 3.15 3.10 " " "
Gul f of Mexico - 500 8/p  32.53 13.92 7.78 6.10 5.81 5.09 4.68 4.80 4.98 400 75 3
\ 2,500 “ 30.76 13.02 6.87 531 4,63 3.71 3.26 3.02 2.90 " " "
10, 000 “ 30. 43 12.81 6.72 5.09 4. 40 3.49 2.88 2.55 2.50 " " "
California - 500B/ D  45.77 19.44 10.50 7.47 6.91 5.91 5.26 5.21 532 600 15 4
2,500 * 43.37 18.34 9.31 6.48 5.27 4.12 3.82 3.63 3.43 ! " "
106,000 “ 43.02 18.12 9.16 6.24 '5.01 3.89 . 3.3 3.02 3.01 " " "
Washington/Oregon - 500 B/D 46.09 1959 10.58 7.51 6.94 5.93 5.27 5.22 5.33 600 15 4
2,500 *“ 43.67 18.48 9.39 6.52 5.29 4,13 3.83 3.63 3.44 " " "
10, 000 “ 43.32 18.26 9.24 6.28 5.04 3.90 3.36 3.03 3.02 " " "
Culf of Alaska 500 B8/p 114.96 45.86 2299 1559 14.03 11.61 10.10 9.77 9.90 400 25 5
2,500 108.95  42.98 19.63 12.74 9.84 7.17  6.44 6.03 5.67 " " "
10, 000 * 108.36 42.68 19.44 12.25 9. 26 6.61 5.44 4. 80 4.79 " ' "
Lower Cook Inlet - 500 8/p 78.14 32,43 17.41 12.05 10.51 8.70 ?.58 7.44 7.57 200 15 5
2,500 ¢ 74.16  30.18 14.23 9.30 7.19 5.22 4.60 4.28 4.04 " " "
10, 000 “ ?23. 66 29.91 14.06 8.81 6.61 4. 66 3.77 3.33 3.29 " " "
Bering Sea - 500 &/p 109.88  42.19 20.27 14.32 12.67 10.56  9.05 8.88 9.04 200 75 5
2,500 “ 103. 94 39.06 16.70 11.21 8.86 6. 36 5.38 4,92 4.64 " " "
10, 000 * 103. 26 38.71 16.51 10.66 8.20 5.73 4,42 3.82 3.75 " " ”
Reaufort Sea 500 8/p 156.55 60.04 28.71 19.32 16.66 13.49 11.63 11.33 11.50 300 15 5
2,500 “ 148.14 55.79 23.78 15.09 11.42 8.05 6.98 6. 46 6.08 " " "
10, 000 “ 147. 24 55.30 23.47 14.31 10.51 71.17 5.70 4.98 4.92 " " "

b

1975s

Number of years delay e fter date of Lease acquisition until first production is generated,




D

MINIMUM REQUIRED RATE OF RETURN AS A FUNCTION OF GAS

20/50/100 MMCE/DWELL PRODUCTIVITY

TABIF. C?

(Required Rate of Return - 15%)
(S/MCF)3

Field

Area/Case 50 100 250 500
Atlantic - 20 MMCF/D  4.45  2.54 1.37 0.97
50 “ 4.43  2.53 1.36 0.96
100 “ 4.42 252 1.36 0.95
Gulf of Mexico - 20 MMCF/D  3.36 1.93 1.06 0.76
50« 3.35 1.92 1.05 0.75
100 3.34 1.91 1.05 0.75
California - 20 MMCF/D  4.82  2.80 1.51 0.97
50 « 4.80 2.79 1.50 0.96
100 “ 4.79 2.78 1.50 0.95
Washington /Oregon- 20 MMCF/D  4.88 2.85 1.55 0.99
50 “ 4.87 2.84 1.54 0.97
100 « 6.86 2.83 1.53 0.97
Gulf of Alaska - 20 MMCF/D 12.16 6.83 3.46 2.06
50 *© 12.14 6.82 3.45 2.03
100 *’ 12.13 6.81 3.45 2.03
Lower Cook | nl et - 20 mMcF/p 8.15  4.64 2.38 1.40
50 “ 8.16 4.62 2.37 1.38
100 “ 8.13 4.61 2.36 1.37
Bering Sea - 20 MMCF/D 11.14 5.98 2.84 1.77
50 “ 11.13  5.97 2.82 1.74
100 “ 11.11  5.96 2.82 1.74
Beaufort Sea - 20 MMCF/D 16.44  8.93 4.26 2.47
50 « 16.60 8.90 4.23 2.43
100 “ 16.37 8.88 4.22 2,61
a 19758.
b Number of yeara delay after date of discovery well

until first

Size 1in MMCF

10000 _ 20000

1000 2500 5000

0.77 0.66 0.10 0.54
0.75 0.61 0.51 0.48
0.74 0.60 0.:1 0.44
0.61 0.53 0 48 0.45
0.59 0.49 0.42 0.39
0.59 0.49 0.62 0.36
0.69 0.54 0.51 0.46
0.67 0.50 0.42 0.40
0.67 0.49 0.42 0.36
0.70 0.55 0.51 0.46
0.68 0.50 0.62 0.41
0.68 0.49 0.42 0. %
1.35 0.97 0.88 0.78
1.30 0.86 0.69 0.64
1.30 0.84 0.67 0.56
0.92 0.64 0.57 0.50
0.87 0.56 0.44 0.41
0.86 0.54 0.43 0.35
1.26 0.94 0.81 0.71
1.18 0.84 0.66 0.59
1.18 0.82 0.64 0.52
1.58 1.07 0.94 0.83
1.50 0.93 0.72 0.65
1.49 0.90 0.69 0.56

production 18 generated.
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.81
.60
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«Cage Assumptions

——

¢ Years

4

Di st ance
Water to
Depth Shore
(Feet) (Miles) Delay’
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TABLE C3
INVESTMENT AS A FUNCTIONOF FIELD SIZE

(Required Rateof Return - 10%; Averape Well Productiviey O L 2500 B/D)
(MM L975$%)
Field Size (inMMB of Recoverable Reserves)
a/lnvestment Type 15 45 90 150 350 750 1400 2000-
antic
ploration Wells (4) 8.4 8.4 8.4 8.4 8.4 8.4 8.4 8.4
'latform Constr. and
Installation 13.5 17.7 23.9 32.2 59.9 126.3 206. 3 342.5
Development Wells 0.6 0.6 3.7 7.3 19.5 44.5 84.8 121.5
'latform Equipment 3.2 9.6 16.1 25.7 55.7 118.3 195.3 323.9
'ipeline to Shore 16.7 37.3 38.4 39.7 69.2 88.2 128. 4 158. 2
;athering Lines 0.8 0.8 0.8 0.8 0,9 1.3 2.0 3.5
Inshore Terminal 2.1 6.3  12.9 21.3 49.2 103,8  188.4 262.8
Total Development 36.9 71.3 95.8 127.0 254.4 482.4 805. 2 1212.4
tnnual Production Cost 1.9 4.0 6.5 9.3 16,9 33.7 62.9 89.8
£ of Mexicob
ixploration Wells (4) 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0
>latformConstr. and
Tperallatios- 9.3 12.6 16. S 30.:8 b6.5 147.2 266.8 365.6
Jevelopment Wells 1.6 8.6 19.1 32.4 78.4 169. 9 318.4 456.0
?latform Equipment 2.8 7.7 14.8 24.3 57.9 125.9 235. 6 337.4
>ipeline to Shore 14.0 31.1 32.4 33.8 bl.2 74.8 94. 8 108.0
sathering Lines 0.5 0.5 0.5 0.9 1.6 4.1 6,4 9.4
Jnshore Ternminal 2.2 _6.6 13.4 22.2 51.6 108.6 188. 4 239.6
Total Devel opnent 30.9 67.1 97.0 144.1 317.2 630.5 1112. 4 1536.0
dnnual Production Cost 1.4 3.2 5.4 9.1 21.9 46. 4 82.2 106.0
lifornia
Expl oration Wells (4) 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0
Pl at f orm Constr. and
Installation 16.5 21.6 29.3 39.4 73.2 154.7 252. 7 419.5
Devel opment Vel ls 0.6 0.6 3.0 6.0 16.1 36.5 69.4 99. 4
Platform Equipment 3.1 8.4 15.9 25.4 55.1 117.0 193.1 320.3
Pipeline to Shore 7.4 16.6 16.8 17.2 18.8 21.6 26.2 30.6
Gathering Lines 0.5 0.5 0.5 0.5 0.6 0.9 1.4 2.4
Onshore Terminal 2.1 6.3 12.9 21.3 49.2 103. 8 188.4 362.8
Total Development 30.2 54.0 78.4 109.8 213, 434.5 731.2 1135.0
Annual Production Cost 1.5 3.5 5.6 8.1 15.1 30. 7 57.4 82.0
xcept Gulf of Mexico e
verageWell Productivity 50 B/ D
, C-4
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TAPLE C3 (continued)

INVESTMENT AS A FUNCTION OF FIELD SIZE
(Required Rate of Return - 10%; Average’ell Productivity OIL 2500 B/D)*
(MM 19753,

+LContinued)

Field Size (in ¥™B of Recoverable Reserves)

Area/Investrent Tvpe .15 45 90 150 350 750 1400 2000
Wash in -r,_: cgen
Exploratic . Wells () 8.0 6.0 8.0 8.0 8.0 8.0 8.0 8.0
Platforr Constr. anc

Instaliation 16.5 21.6 29.3 39.4 73.2 154.7 252.7 419.5
Developmern: i+'ells 0.6 0.6 3.C 6.0 16.1 36.5 69.4 99.4
Platfcrm Equipment 3.1 8.4 5.5 25.4 55.1 117.0 193.1 320.3
Pipeline t: Shcre 7,8 17.2 17.6 18.0 19.6 22.8 28.2 33.9
Gathering iines 0.7 0.7 0.7 0.9 0.8 1.2 1.8 3.0
Onshore Terrinal 21 6.3 12.9 21.3 49.2 103.8 188.4 262.8

Total Development 50. 2.8 79.4 110.9 214.0 436.0 733,6 1135.0
Annual Production Cost 1.5 3.5 5.7 8.1 151 30.7 57.4 82.1

Gulf of Alas-a
Platforz Conz: ». 2an!

Installation 32.8 42.7 57.7 77.7 144.5 305.1 498.6 827.6
Development Kens 1.6 1.6 9.6 19.2 51.2 116.8 222.4 294.4
Platform Equipment 3.2 6.7 16.2 25.9 56. 3 119.7 197.4 327.5
Pipeline - Shore 13.8 31.2 32.1 333 . 37.2 45,3 58.5 70,8
Gathering Lines 3.4 3.4 3.4 3.5 3.5 4.4 6.7 11.8
Onshore Terminal 2.4 7.4 14.8 24.6 57.0 1202 217.6 302.2

Total Development 57.2 95.0 133.8 184.2 349.7 7115  1201.2 1834.3
Annual Production Cost 3.1 6.5 10.0 13.9 23.9 47.8 89.6 128.1

Lower Cook Inlet
Exploration Kens (4) 17.6 17.6 17.6 17.6 17.6 17.6 17.6 17.6
Platferm Constr. and

Installation il.-1 14.8 19.8 26.7 49. 6 104, 7 171.3 284,2
Development Wells 1.6 1.6 9.6 19.2 51.2 116, 8 222.4 318.4
Platform Equipment 3.2 8.7 16.2 25.9 56. 3 119.7 197.4 327.5
Pipelineto Shore 11.1 24.6 25.2 25.8 28.2 33.0 41.1 48.3
Gathering Lines 3.4 3.4 3.4 3.4 3.5 4.3 6.6 11.6
Onshore Termiral 2.4 1.2 14.1 23.4 54.6 115.5 210.6 294,13

Total Development 33.0 60.3 88.3 124.4 243.4 494.0 849.4 1284.3
Annual Production Cost 2.7 5.7 8.7 12.0 20.8 41.7 78.1 111.7

C-5
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TABLE C3 (continued)

INVESTMENT AS A FUNCTION OF FIELD SIZE a
(Required Rate of Return-10%; Average Well Productivity OIL 2500 B/D)
(¥ 1975%)

(Continued)

Field Size (in MMB of Recoverable Reserves)

Areal/lnvestment Type 15 45 90 150 350 750 1400 2000
Bering Strait
Exploration Wells (&) 28.8 28.8 28.8 28.8 28.8 28.8 28.8 28.8
Platform Constr. and
Installation 11.3 14.8 19.8 26.7 49.6 104.7 171.3 284.2
Development Wells 1.9 1.9 11.1 22.2 59.3 135.1 257.3 368.3
Platform Equipment 3.2 9.0 16.8 26.9 58.6 124.4 205.3 340.5
Pipeline to Shore L7.9 39.8 41.0 42.3 73.8 102.3 148.5 191.4
Gathering Lines 3.8 3.8 3.8 3.8 3.9 4.8 7.3 12,8
Onshore Terminal 2.7 8.4 16.8 27.9 64.8 137.4 251.4 350.4
Total Development 40.8 7.7 109.3 149.8 310.0 608.7 1041.1 1547.6
Annual Production cost 4.0 “7.4 11.0 15.0 25.0 49.2 92.2 131.9

Beaufort Sea
Exploration Wells (4) 40.0 40,0 40.0 40.0 . 40.0 40.0 40.0 40.0

Pl at f or m Constr. and

Installation 23.2 30.2 40.9 54.9 102.1 215.5 352.1 584.6
Devel opment Wells 2.4 2.4 14.4 28.8 76.8 152.7 333.6 477.6
Pl at f orm Equi pnent 3.5 9.3 17.7 28.2 61.8 131.1 216.6 359.3
Pipeline to Shore 14. 4 32.2 32.6 33.2 35.4 39.8 46.8 53.4
Gat hering Lines 4.4 4.4 4.4 4.5 4.5 5.5 8.4 14.9
Onshore Terminal 2.8 8.6 17.0 28,2 65.6 138.2 252.7 353.1

Total Development 50.7 87.1 127.0 177.8 346.2 682.8  1210.2 1842.9
Annual Production Cost 3.9 8.5 13.5 19.1 34.0 68.9 129.2 18.4.8

Arthur D Little Inc



TABLE 4
INVESTMENT AS A FUNCTION nr FIELD S| ZE

{Required Rate of Retwrn - 10%; Averag:Well Productivity Gas 50 MMNCF/D)E1
(M 1975%)

Field Size (in MMCF of Rec Res)

Area/lInvestrent Tvpe 1u0 250 500 100L 2.500 5.000 10,000 20,000
Atlantic
Exploration Wells (4) 6.4 8.4 8.4 8.4 8.4 8.4 8.4 8.4
PlatformConstr. and
Installation 12.6 14.3 17.1 22.9 39.9 68.9 137.3 285.6
Development Wells 0.6 13.6 0.6 2.6 4.3 10.4 23.1 48.8
Plazforz Equipment 1.6 4.2 7.8 14.8 34.3 55.7 122.0 256.1
Pipeline to Shore 20.7 34.5 42.0 54.6 86.7 138.3 228.0 387.0
Gathering Lines 0.6 s.b .9 0.9 1.1 1.8 3.0 5.3
Onshore Termin.l 0.0 0.0 _00 0.0 0.0 0.0 0.0 0.0
Total Development 36.5 54.4 68. 4 93.8 166. 3 275.1 513.4 982.8
Annual Production Cost 1.8 3.9 7.1 13.1 29.9 56.3 113.5 227.8
Gulf of Mex.c.
Expleraticn Wz2lls (4) E.C 8.0 &8.0 8.0 8.0 8.0 8.0 8.0
Platierz Constr. and
Installation 9.3 10.6 12.6 16.8 34.5 72.3 147.7 298.8
Development L. ells 0.6 0.6 1.0 3.6 11.6 24.6 50.5 102.5
Platform Zquipzent 1.8 4.2 7.8 14,7 30.9 66.9 138.9 282.5
Pipeline to Shere 19.2 31.2 38.3 49.8 79.0 123.2 201.4 357.6
Gathering Lines 0.5 0.5 0.6 0.6 1.0 1.9 3.7 7.4
Onshore Terminal 0.0 0.0 0.0 0,0 0.0 0.0 0.0 0.0
Total Development 31.4 47, 60. 3 85.5 157.0 288.9 542.2 1048.8
Annual Production cost 1.5 3.4 3 11.9 29.0 58.3 116. 6 233.1
California
Exploration Wells (4) 8.0 8.0 8.0 8.0 8.0 8.0 8.0 . 8.0
Platform Constr. and
Installation 15.4 17.5 21.0 28.0 48.9 8.4.4 168. 2 349.7
Development wills 0.6 0.6 0.6 0.6 3.6 8.6 19.1 40.1
Platforc Equipment 2.8 4.2 7.8 14.7 33.9 55.1 120.8 253.3
Pipeline to Shore 8.0 16. 2 17.0 18.6 23.2 31.0 46. 8 78.0
Gathering Lines 0.5 0.5 0.5 0,6 0.7 1.2 2.0 3.6
Onshore Terminal 0.0 0.0 0.0 0,0 0.0 0.0 0.0 0.0
Total Development 27.3 39.0 46.9 62.5 110.3 180.3 356.9 724.7
Annual Production Cost 1.6 3.6 6.5 12.0 27.2 51.9 104.7 210.2
*Except GUIf of Mexico
bAverage Well Productivity 20 MMCF/D
c-7
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TABLE C4 (continued)

| NVESTMENT AS A FUNCTI ON OF FIELD SI ZE
(Required Rate of Return - 10%; Average Well Productivity Gas 50 MMMCF/D)
(MM 19759%)
(Conti nued)

Field Size (inMMMCF of Rec Res)

Area/lnvestment Type 100 250 500 1000 2,500 5,000 10,000 20,000

Washington/Oregon

Exploration Wells (4) 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0

Platform Constr. and

Installation 15.4 17.5 21.0 28.0 48.9 84.4 168.2 349.7
Development Wells 0.6 0.6 0.6 0.6 3.6 8.6 19.1 40.1
Platform Equipment 3.8 4.2 7.8 14,7 33.9 55.1 120.8 253.3
Pipeline to Shore 8.8 18.0 18.8 20.4 25.0 32.8 48.6 79.8
Gathering Lines 0.7 0.8 0.8 0.8 0.9 1.6 2.6 4.5
Onshore Terminal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

- Total Development 29.3 41.1 ‘49.0 64.5 112.3 182.5 359.3 727.4
Annual Production Cost 1.6 3.6 6.5 12.0 27.2 51.9 104.7 210.2
Gulf of Alaska
Exploration Wl ls (4) 21.2 21.2 21.2 21.2 21.2 21.2 21.2 21.2
Plarform Constr. and .

Installation 30.5 34.5 41.5 55.1 96.5 116.6 331.9 689.9
Development Wells 1.6 1.6 1.6 1.6 11.2 27.2 60.8 126.4
Platform Equipment 3.6 4.3 7.9 15.1 34.8 43.8 123.3 258.7
Pipeline to Shore 18.3 36.9 38.4 41.1 49.8 64.2 93.3 150.9
Gathering Lines 3.5 3.6 3.6 3.7 3.8 3.3 9.5 14.8
Onshore Terminal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total Development 57.5 80.9 93.0 116.6 196.1 255.1 618.8 1240.7
Annual Production Cost 2.7 5.8 9.9 17.0 35.8 65.8 133.,5 268.7

Lover Cook Inlet
Exploration Wells (4) 17.6 17.6 17.6 17.6 17.6 17.6 17.6 17.6
Platform Constr. and

Installation 10.4 11.9 14.2 18.9 33.1 40.0 113.9 236.9
Development Wells 1.6 1.6 1.6 1.6 11.2 27.2 60.8 128.0
Platform Equipment 3.6 4.3 7.9 15.1 34.8 43.8 123.3 258.7
Pipeline to Shore 13.8 27.9 28.8 30.6 35.7 44. 4 61.8 96.3
Gathering Lines 3.4 3.4 3,4 3.5 3.6 3.1 8.9 13.6
Onshore Terminal 0 .0 0.0 0.0 0.0 0.0 0.0 0.2 0.0

Total Development 32.8 49.1 55.9 69.7 118.4 158. 36R.7 733.5
Annual Production Cost 2,4 5.2 8.9 15.3 32.2 59.2 120.2 241.8

C8
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TABLE C4 (continued)

| NVESTMENT AS A runction COF FIELD SIZE
(Requi red Rate of Return- 10%; Average Well Productivity Gas 50 MMMCF/D)
(MM 1975%)

(Conti nued)
Field Size (in MMMCFofRRec Res)

Area/lnvestment Type 100 250 500 1000 .2,500 5,000 10,000 20,000

Bering Strait

Exploration Wells (4) 28.8 28.8 28.8 28.8 28.8 28.8 28.8 48.8
Platform Constr. and

Installation 10.4 11.9 14.2 18.9 33.1 40.0 113.9 236.9
Devel opnent wells 1.9 1.9 1.9 1.9 13.0 31.5 70. 4 148.1
Pl atform Equi pnent 3.6 4.4 8.1 15.4 36.0 45.5 128.1 268.7
Pipeline to shore 25.5 47,4 49.4 64.1 100.8 153.8 246. 8 432.8%
Gathering Lines 3.9 4.0 4.0 4.0 4.2 3.6 10. 2 5 .5
onshore Terminal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total Development 45.3 64.6 77.6 104.3 187.1 274.4 569.4 1102.0
Annual Production Cost 3.0 6.2 10.6 18.4 39.0 70.9 143.9 289. 8

Beaufr~t Sea

Exploration Wells(4) 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0
Platform Constr. and

Installation 21.5 24.4 29.3 38.9 68.1 82.4 234. 3 487. 2
Development Wells 2.4 2.4 2.4 2.4 16.8 40.8 91.2 192.0
Platform Equipment 3.8 4.6 8.7 16.2 37.7 47.9 134.9 282.8
Pipeline to Shore 16.0 32.4 33.6 35.6 - 44,4 52.0 72.4 113.4
Gathering Lines 4.5 4.6 4.6 4.7 4.8 4.1 11.8 17.9
Onshore Terminal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total Development 48.2 68.4 78.6 97.8 171.8 227.2 544.6 1093.3
Annual Production Cost 3.7 7.6 12.6 21.2 42.5 76.4 156 22 315.7

c-9
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