® Because the better economic prospects for oil proeduction
will be exhausted by the year 2000, invesitment costs for
new oil reserves will go to between $1.80 and %3.20
(1973 $). These costs are comparable to or greater than
investments for syncrude,

® The price of crude oil in constant dellars will increase
under almost any realistic scenario, particularly if
national independence from foreign crude oil supplies is
sought.

® 0il production from offshore and Alaskan oil resources will
continue to be the center of environmental controversy.
Indeed, the major impacts of future oil production result
from producing resources from these arecas.

B, Projected Domestic Qil Supply and Imported 0il Requirements

To projecl detailed domestic oil gupplies for HG3, the Project
Ianpendence 0il Task Foree supply projections4 are used to define the
relative ﬁercentages of 0il supplied from each National Petrcleum Council
(NPC) region.* Figure 3-2 defines regional boundaries used in this

chapter. Table 3-2 shows HG3 supplies aggregated inte onshore productiaon,

offshore production, and Alaska production. The apparent heavy reliance

on oll supplies from Alaska, offshore,. and tertiary recovery for future

6
production reflects general expectations of future production.

*
The NPC rcgions {(modified from the usual N%tional Petroleum Council

regions) as defined by the 0il Task Force,

.r
Aggregated from Table B-1 of Appendix B,

30




J'/ /
a 1" arasKa , {
- N QFFSHGRE
W7

PACIFIC CRAST OFFSHORE

{affahore araos exiénd ta
200-m water depin]

[+ 4?_0_ ) 3_00 MILES " ~
e [ ",

0 400 BOD KILOMETRES hd 5,

Source: U.S. Geologicatl Survey, Cirgular 725

FIGURE 3-2. INDEX MAP OF NORTH AMERICA SHOWING THE
BOUNDARIES OF THE 15 OIL PRODUCTION REGIONS,
ONSHORE AND OFFSHCORE

31



JUTES

.
r—

“1-9 91qel, ‘g xipuaddy :aoanog

8'1¢ 6'%vE g 9T PUBWap *g *n 1EB10]L
T'8% S TT 0"9 spxoduy

T3T P ET TUET STOT 1230L
. aI0YsIIo U:d aJ0hgsug
9T > (ge) v'F (28) 9°¢ (2 ¢'0 BYSe1y
S2)1eBls |F JonO0T
g1 8e (0g) 0% (12) 0°¢ (81} ¥°7 @I0YSIT0
5931838 gF Jamoq
(2 £9 {8g) 0°g (zgg) 879 (¢8) 6'8 ax0YsUQY

A1ddng otrg3sauoq

FETEE | —_ -— _ _

paousapy worg Lot oW onog E86T PL6T

(sia1req mOH )]
000Z-PLGT
HA LLYINKND ) UVHA ANVHIE/ X 144NS

(£1ddng or11s2uwo Jo 9) 4Lvp Jad siexarvg 0L
9

E€OH MEANN ANVREd TVIOL QNV ‘SIH0dNI ‘ £1ddnS 'II0 JIISaWoc

&-£ 9I4&.L

32



Table 3-3 shows the onshore production for HG3 by NPC fegion.
Table 3-4 shows the offshore production for HG3 by ofishore NPC regiomn,
including production from military oil reserves in the Pacific and Gulf
of Mexico offshore areas, Table 3-5 shows the Alaske production for

HG3 by onshore and offshore areas.

Cumulative production under HG3 between 1973 and 2000 is approx-
imately 130 x 109 barrels of oil--about 25 percent greater than the
cumulative total U.S. preduction up to 1873, Cumulative tertiary
recovery under HG3 is assumed to be about 70 billion barrels, an
assunption that reflecté the availability of o0il through primary recov-

2
ery given the 1975 USGS rescurce estimates,

We assume that cumulative recovery between 1973 and 2000 from each
region by tertiary methods is proportional to total cumulative recovery
by tertiary methods divided by total cumulative recovery aver the same

period,
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Table 3-3

QONSHORE OIL PRODUCTION FROM THE LOWER 48 STATES UNDER HG3

6
{10 Barrels per day)

%
Region or Scurce

Pacifie Coast
NPC Hegion 2

Naval Petroleum Reserve No. 1

' Western Hocky Mountains
NPC Region 3

Eastern Rocky Mountains
NPC Region 4

West Texas/Eastern New Mexico
NPC Region 5

Western Gulf Basin
NPC Region 6

Mid-Continent
NPC Region 7

Northeast
NPC Regions 8, 9, 10

Atlantic Coast
NPC Region 11

T
Total

1974 1985
0.792 0,59
0 0
0.215 0,18
0.614 0,34
2.553 1.6
3.526 3,2
0.994  0.68
0.213 0,28
0,007 0O
8.914 6.8

* See Figure 3-2 for geographical locations.
T Items may not sum to totals due to rounding.
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2000

G.38

.08

a,12

2.4

0,56

0.19
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Table 3-4

OFFSHORE OIL PRODUCTION FROM THE LOWER 48 BTATES UNDER HG3

&
{10 Barrels per day)

C ok
Region or Source 1874 1985

Offshore military rescrvations 0 0
Atlantic offshore 0 0.04

NPC Region 11A
Gulf of Mexico 1.311 2.3

NPC Region 6A
Pacific offshore 0,058 Q0,6

NPC Region 24

f

Total ' 1.369 3.0

* See Figure 3-2 for geographical locations.
T Items may not sum to totals due to rounding.

Source: Tablés B-1, Appendix B
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Table 3-5

ONSHORE AND OFFSHORE OIL PRODUCTION FROM ALASKA UNDER HG3

6
{10 Barrels per day)

%
Region or Source

Prudhoe Bay

North Slope
Other than Prudhoe Bay

Naval Petroleum
Reserve No. 4

Gulf of Alaska and other
offshore areas
NPC Region 1

.1-
Total

1974 1985
0 1.8
0 1.3
0 0

0,201 0.54
0.201 3.6

* See Figure 3-2 for geographical locations.

he

Ttems may not sum to tota

1s due to rounding,

Source: Table B-1, Appendix B
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0.68

1.6
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The economic incentives provided by;high prices for imported crude
0il and refined products will tend to increase the supply from the
three domestic sectors-«dnshore {(lower 48 states), offshore (Atlantic,
Pacifiec, Gulf of Mexico areas), and Alaska (onshore and offshorc). Of
course, the distribution of the supply available from each of the
sectors cannot be forecast to the year 2000 with precision,

C. Projected Resource Requirements for Production of Domestic 0Oil

0il can only be produced with sufficient inputs of the resocurces
of equipment, manpower, steel, and capital. Projections of these inputs

under scenario HG3 are developed in this section.

1. Drill Rigs, Labor, and Steel

Table 3-6 shows the approximate annual requirements for drill
rigs, labor, and steel for the reference case. Labor and steel requlre-
ments are shown later for synthetic fuel development in the maximuﬁ
credible implementation (MCI) scenaric, Chapter 6. The numher of rigs

determines many of the oil production impacts.

Several considerations were used in generating the annual
resource requirements in Table 3—6:* {1} Since annual production under.
HG3 in 2000 corresponds closely to the Project Independence 1988 511/B
Business-as-usual? scenario, no increase in the aﬁnual rescurce
requirements beyond the Project Independence 1985 $11/B Business-as-
usual requirements is assumed except for investment and (2) this.is

based on the assumptien that future production is closely correlated

F
Annual 0il production depends on resocurce inputs and exploration

activity. For example, it will take several years before a new
offshore field reaches peak production. More than one production
platform is likely for a large field,
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Table 3=6

LABOR, DRILL RIG AND STEEL REQUIREMENTS
FOR OIL PRIDUCTION UNDEE HG3

* * * 1 + +
1977 1950 148G 19490 1995 2000

Exploration Drill Rigs in Use Annually

Onshore 930 1,100 1,250 1,250 1,250 1,250

Offshore 240 , 370 500 300 D00 500
Alaska

Onshors 125 125 154 150 150 150

Offshore ) 26 52 110 110 1310 110

Cffshore Preoduction Platforms in Use Annually

Offshore 90 150 200 200 200 200
Alaska-offshore -] 12 25 25 25 25
Labor-~Rig and Platlorm Crowmen Employved Annually .

Onshore 22,000 25,000 29,000 29,000 29,000 29,000
pffshore 24,000 37,000 52,000 52,000 52,000 52,000
Alaska 3,000 5,000 8,000 8,000 8,000 8,000
(0ffshore) (1,600) (3,100} (&,500) (6,300} {6,500) (5,500)

Tatal 49,000 67,000 89,000 89,000 B®, 000 89,000

Steegl-=Thousands ol Tons Required Annuzlly

Onshore 1,400 1,800 1,700 1,700 1,700 1,700
Offshore 1,400 1,700 1,400 1,400 1,400 1,400
Alzska 200 200 400 400 400 400

Total 3,000 3,500 3,500 3,500 3,500 3,500

k]

Data up to 1885 adapted from Reference 4, Tables VI-8, VI-9 and VI-10, by excluding the
heavy crude: oil and tar sands data.

tAll requirements alter 1985 held constant,

Thies reflecis lhe eorrespondence between production by 2000 under HG3 and the FEA
$11./B BAU scenario production by 1988 uscd in Appendix B to generate the regional
production for HG3.
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to exploration activity. The same drilling activity used to achieve

the FEA production by 1988 is assumed to achieve the HG3 production by
2000, The correlation is generally valid--more drilling activity
results in mére future production, although aceording to those knowledge-
ahle in the field, it is becoming increasingly difficult to find oil
with the amoﬁnt ?f o0il discovered per foot of exploratory well drilled
on the decline.6 Since that trend can be expected to continue, the

resource requirements in Table 3-6 are probably underestimated,

The factars that will mean less production per unit of invest-

ment toward the end of the century are:

& Exploration of deeper oil prospects, which entails
more feet of drilling per well, fewer well completions
per foot of drilling, slower drilling rates per foot
of well, and greater expense per completed well,

® Exploration of more remote locations, which has
characteristics of e¢xploration vf deeper prospects.
Moreover, the drilling season is limited in such
places as arctic offshore regions,

® Exploration of the "better” prospects will be completed,

a, Drill Rig Requirements

0il production on land réquires drill rigs for exploration--
thereby the adage 'the only true test for oil is the drill''--and for
drilling development wells and the extra wells required by secondary
and tertiary recovery or for workover. Onshore drill rigs are relative-

1y mobile and are often truck-mounted,

Offshore oil production requires drill rigs both for explora-
tory drilling-~jack-ups, scmisubmersibles and ship-mounted rigs are the

7
most common ~-and for production at locations where permanent platforms

35



complete the production wells and support the production equipment. 1In
the future, more subsurface platforms (unmahned) are likely to be used
because they are cheaper and lighter than surface platforms. The
subsurface, unmanned platform is fixed to the ocean floor, and the wells
are drilled by a mobile drillship, which moves on after placing the
production tubing. The rig requirements shown for offshore rroduction

in Table 3-6 fall into these categories,

The rig requirement shown for Alaska in Table 3-6 includes
both onshore rigs (rarely truck-mounted because of the severe environ-
ment of the North Slope‘tundra) and offshore rigs--gimilar to rigs used
offshore in other areas with Lhe exception of those designed for use in
pack ice regians.s’g Many of the impacts on Alaskan offshore waters

depend on the number of offshore rig requirements.

The HG3 scenario requires substantial drilling activity.
Alaska, particularly, will see large inereases in drilling activity.
Because of much increased drilling for tertiary recovery under HG3,

onshore continues to receive the most drilling activity,

b. Labor Reguirements

T@e total number of rig crewmen required depends on the
number of rigs in operation and whether they are Opgrated on or offshore,
Onshore rigs each require about 25 men, while offshore rigge each reguire
about 50 men, Project Independence4 eéstimates Alaskan rigs require
somewhat fewer men than other onshore rigs--less than 20 men each; how-
ever, a backup crew is also required and a large number of support
personnel are required, while in onshore production elsewhere support

personnel are part of the general infrastructure,
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Labor requirements for drilling and produetion grow substant-
ially under HG3. The HG3 reguirements in 2000 are double those in 1977.
The rigmen required for offshore may be overestimated if subsurface

production platforms become widely used foward the end of the century,

as may be likely.

c. Steel Requirements

Steel is required for the construction of drill {igs and
production platforms, for the production of the tubing used to support
the drill during drilling, for the well casing, and for surface equip-
ment such as storage tanks, equipment sheds, and pumps. The steel
requirements shown in Table 3-8 reflect these needs and are probably
underestimated since much of the steel required for tertiary production
(the extra wells) is not included, Neither are steel requirements for
0pil transportation and distribution or refining included, These needs
can be substantial, particularly for oil pipelines from remotc regions.
For example, the Trans-Alagka Pipeline (TAPS) will contain about 1,2
million tons of steel, Under HG3, the annual steel requirements are
about 3,000,000 tons by 2000, wlth onshore production reguiring the

most steel (refer to Table 3-6}.

An impact occurs during retirement of some production
facilities~—Llhe irretrievable investiment of steel. Offshore rigs may
be left in place after their economic life is exceeded, During periods
of falling prices, rigs may remain idle which reprcsent z large energy
investment in terms of the steel in the well pipe and rig. Some off-
shore rigs contain as much as 25,000 tons of steel. Whether this steel
will be left in place forever remains an cpen gquestion. To give scme

feeling Yfor what this 23,000 tons of steel represents, we give the
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following illustrative calculation, An offshore production platform
mist produce about 30,000 B/D to be economically viable. This fuel rate
will supply about 900,000 cars with each car using about 0.033 B/D

(20 miles/gal and 10,000 miles/yr). 'At 1 ton each, these cars contain

about 900,000 tons, or about 38 times as much steel as the offshore

platform supplying their fuel.

2, Capital Investment

Te ocur knowledge, Project Independence contains the most
recent detailed estimates of investment in crude oil production,4 and
they have been adapted to form the basis of our projections, Unfor-
tunately, these investments were based on the 1872 USGS resocurce esti-
mates discussed in Appendix A. 1In order to create more realistic
infestment estimates for HG3, we have assumed that the investment pro-
Jections in Project Independence cover only the annual investment
necessary for primary and secondary recovery under HG3, and we have
gone on to assume that additleonal investment is necessary for the sub-
stantial tertiary recovery required for oil production under BG3 (dis-

cussed in Appendix B).

Table 3-2 showed cumulative production by advanced recovery
techniques necessary to support the HG3 production level from each
region., TFor this production to take place, the resources in cach reg-
ion must first become economically producible reserves (Appendix A),
The capital investment necessary to convert resources into ecohomically
producible reserves in each region 1s shown in Table 3-7. The Project
Independence 0il Task Force Report shows the investment required per
barrel of reserve added for 1974 and 1988, To estimate the minimum
capital investment necessary to convert 70 billion barrels of resource

into o0il recovered by advanced technigues we have assumed that these .
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Table 3-7

CAPITAL INVESTMENT REQUIRED
FOR SECONDARY AND TERTIARY RECOVERY

Dollars (1973) per Barrel of Reserve Added

1974-198R 1988-2000

Secondary Recovery

Region 1 $ 0.96 & 1,92

Regions 24, 6A, and 11A ' 0.64 : 1,28

Regions 2, 3-8, and 7-11 0.32 0,96
Tertiary Recovery’

Region 1 1.68 3.12

Region 2 i,50 3.00

Regions 2A, 6A, and 1A 1,12 2.14

Regions 3-6, 7-11 0.80 1.76

Source: Project Independence Blueprint,
0il Task Force Heport
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investments pertain to the entire period to the year 2000 as shown in
the table. The investments shown in the second column probably under-
estimate the necessary investment for HGS since many of the hetter
tertiary recovery prospects in each regilon will already be in production

by the last decade of the century,

The approximate capital, investment for recovery by advanced
techniques is shown for onshore, offshore, and Alaska in Table 3-8,
The investment estimates represent a probable lower limit to the nec-
egssary investment for reserves recoverable by tertiary methods since
these estimates reflect only the tertiary recovery that is actually
accomplished by 2000, 1In practice, there must be reserves of crude oil
left after any given year; in the past, reserves have been about ten
times annual production (Appendix C) so that additional investment, not
shown in the Table 3-8, is required for the reserves left in the year
2000. We have assumed that the total investment for the two periods,
1974~1988 and 1988-2000, is divided uniformly on an annual basis. This

probably will not be true in practice,

The approximate capital investment for all conventional oil
recovery to the vear 2000 is displayed in Table 3-9, Capital invest-
ment in constant dollars inereases over two and half timeslhetween |
1977 and 2000, Project Independence forecasts considerably less
production from advanced recovery than is necessary for HG3 in thewlight
of the 1975 USGS resource _estimates.2 Thus, we have assumed that the
annual investment levels projected by Project Independence approximately
cover the 60 billion barrels of production under HG3 that must come
from primary and secondary recovery methods. The investment allocated
for tertiary recovery in the Project Independence scenarios is probably
comparable to the addltional investment for the tertiary recovery re-

serves in 2000 left out of our analysig, so that any investment that
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"has been underestimated in Table 3-8 is probably made up by the over-

investment in primary and secondary recovery implicit in Table 3-9,

The analysis in Appendixz B leads fto the conclusion that over
30 percent of the recovery should be coming from advanced recovery
methods toward the end of the century, Because of the higher invest-
ment levels necessary for advanced recovery relative to primary or
secondarflrecovery {refar to Table 3-7), the invesiment split beiween
primary and secondary recovery and advanced recovery should be heavily
wcighted toward advanced recovery projeéts. Table 3-9 shows such an '
emphasis oun advancéd recovery, The estimates shown in Table 3-9 are
degigned largely for éurposes of illustrating the necessary investment
for HG3. We do expect, however, that the investment projections for.
advanced recovery and for overall recovery are approximately correct
and reflect current expectation of investment for future recovery.
Recent estimatess of future production and investment made by Texaco
and published in the 0il and Gas Journalhéupport‘the rough estimaties

and trends for investment and production shown here for HG3,

I, Projected Environmental Impacts

The scope of the research did not permit detailed assessment of
the effeet of o0ll extraction, distribution, and refining in the ref-
erence case.on the environment; however, the material.presented is'
suffieciently detailed to indicate the probabie environmental consequen-
ces of an intensive and accelerated industry effort to extract the
maximum amount of o0il from onshore, ofishore, énd Alaskan sites. Only
mzjor impacts are treated here. They are broadly grouped into land use
requirements, water reguirements, employment and induced populaticn,
oil spill probabilities and quantities, and major air and water pollu~

tant emissions. No attempt is made to rank the impacts in severity.
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The environmental impacts of the reference case are determined by
means of scaling factors for quantifiable characteristics of the oil
extraction, transport, anq refining processes, For example, operation
of each barrel per day (B/D) of petroleum refining capacity is respons-
ible for a volume of water effluent averaging 770 gallons per day.

With =z refining.capacity of 20 million B/D, the water effluent would
approximate 20 x 108 x 770 gallons per day, This 15-billian gallon
per day effluent volume is a gquantitative indieator of the cenvirommentsal

impaect of petroleum refining.

Scaling factors appropriate to the various activities involved in
crude oil production, distribution, and importation are derived in
Seetion 1, below. In Section 2, environmental impacts for onshore,
bffshore, and Alaskan production, and oll transport (domestic and
imported) are developed by applying the scaling factors to the product-
ion estimates given in Section B and the eguipment and labor rgquireu —

ments given in Seection €, above,

1. Impact Scaling Factors

a. Crude 0il Production

The scsling factors necessary for evaluating the major
environmental impacts of oil exploration and production on land use,

air quality, and water quality are presented in four groups:

* Impacts of normal exploration activity
* Impacts of exploration accidents
* Impacts of normal production activity

® Inpacts of production accidents.

(1) Normal Exploration Activities

Impact scaling factors for the major environmental
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impacts of normal exploration are shown in Table 3-10. The three major
*
consequences of normal driliing activity are gualitatively:
® '"Boom towns,” increased urban growth, increased
automobile use, and increased demand for housing
and recreation created by the presence cof drilling
crews, their families, and personnel in service

industries, These impacts occur off the drilling
gite.

# Disturbed lands or ocean bottom, displaced species,
water pollution, or road construction at or adjacent

the drilling site.
# Solid waste produced by drilling, which may produce
- water pollution or undesirable land fill,

Many important impacts of exploration result from the normal
human activities and demands of the exploration drillers, fheir families,
and associated personnel in service industries. These impacts, of
course, vary in severity depending on the degree of urbanization already

existent in the region: the less the urbanization, the greater the

impact,

Since individual environmental impacts that occur on the
drilling site are too site-specific to quantify, Table 3-10 gives only
the estimated land areas impacted by a typical drilling project onshore
and off{shore., Onshore exploration rigs, including storage ponds for
drilling mud, occﬁpy about one acre, Offshore rigs are considerably

larger than onshore rigs, containing crew guarters, storage facilities

* . .
Other geophysical and exploration activity results in minimal environ-
mental impact.
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for equipment, and & processing area for drilling mud; their decks
occupy 1 to 2 acres of surface area.l Large semisubmersible exploration
rigs have as many as 2 acres of surface area%

Wells can be drilled as far as 6000 ft (slant range) from an
offshore platform and may therefore tap an area of 4 square miles, or
2500 acres. About a 1 mile clear Zone is mainﬁained around cffshore
rigs, which is intended to prevent ships and tankers from colliding
with the platform, Thus, an offshore platiorm impacts commercial
fishing and navigation by the removal of about 3000 aCres* ol ocean
surface from many alternative uses and by preseating a hazard to navi-

gation,

In Alaska, drilling sites entail greater acreage than do
sites in the lower 48 states because large rigs, neéded for the re-
latively deep wells, must also provide shelter from tﬁe weather for the
workers. Morebver, onsjite housing, airfields, and other facilities
occupy considerable area. The Prudhoe Bay site consists of about 400

square miles, with only a small fraction occupied by exploration rigs.

Drilling produces counsiderable solid waste in the form of
drill tailings--sand, rock particles, and some drilling mud., The ave-
rage well is about 5000 ft (1.5 km) deep and would therefore produce
some 300 tons (270C,000 kg) of drill tailings. In exploratory drilling
offsﬁore, the USGS orders for OCS drilling allow onsite disposal of this.
mzterial; other solid waste must be fully processed or returned to

-

i
shore. * Little is known about the environmental effects of the dis-

posal of drilling mud, although the unconsclidated sediment makes for a

= .
Assuming., 1 mile (1,6 k¥m) distance between tankers and platform

is maintained. 1
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1
poor home for bottom-dwelling organisms,

{2) Exploration Accidents

Table 3-11 shows the major scaling factor for the
impacts of aceidental or abnormal drilling operations, The environ-
mental impacts of oil in the marine environment, mainly the death of
large numbers ol sea birds, the loss of aqﬁatic life, have been widely

14=18
discussed,

Blowouts, & major source of oil entry into the énvironment,
result from excessive uncontrolled pressure buildup in the well, During
drilling, the drill mud composition and density are varied to assufe
that the weight of drilling mud eqﬁals or eXceeds the pressure in the
rock formation. An oil or gas pressure exceeding this weight can force
the drilling mud back up the drill hole. The resulting excess pressure,
1f not controlled, foreces mud and oil back up the well, which causes a Bt
blowout, Blowouts can cause loss of life, equipment failure, broken ‘
pipes, and other damege, and may result in fires as well as the uncon-

irolled release of o0il into the environment,

Onshore, the probability of an oil blowout is much less than
1 in 2500, owing to the large number of high-pressure gas blowouts
included in this estimate. In part, the reduced risks of onshore
drilling come from the less sophisticated demands of onshore drilling
and from the more freguent dril}ing in o%l formations with known

pressures.
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{(3) Normal Production Activities

Table 3-12 summarizes the impact scaling factars
for the major environmental impacts from normal crude oil production

activities, These impacts are:

* Disturbed lands or ocean bottom, displaced
species, water pollution, or road coastruction
at the drilling site,.

* Increased urban growth, increased automobile
use, and increased demand for Housing and
recreation caused by presence of production
personnel, their families, and personnel 1in
service industries. Thesge impacts occur away
from the production site.

* Water-related effects,

* Potential for air pollution.

The first two impacts are much the same as for explor-

ation activities,

Mueh of the byproduct water from oil production is
reinjected into the formation so that not all of the wastewater (which
contains low concentrations of o0il and perhaps chemicals used in ad-
vanced recovery) enters the environment., Water demands for secondary
and tertiary recovery, although large, produce severe impacts only in
regions with z scarcity of water, Water injection has a number of side
effects., 1t can trigger seismiec activity and the hydraulic pressure of
water injection can czause surface deformation and faulting., The inject-
ion of chemicals into wells can result in contamination of the deep

aquifers which are in contact with nearly all oil reservoirs.
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Table 3-12

IMPACT SCALING FACTORS FOR NOR¥AL PRODICTION DPERATIONS

Scaling Factor

*
Impact Quantity Units
Employees per million barrels

Urban growth, induced population " 13,000
per day of production”™

and effects on the envirooment
From human aetivity

Wastewater production frow normal ’ 2 x 1% Gallons

per million barrels
oil productlon operaticns per day of pr-oductionZ
Makeup water reguirements--water 360 x 108 Gallons per million barrels
injectinon [or secondary and per day of production1g
tertiarv recovory
Land use: - 19
{Onshore 174 Acros per develapment well
Qffshore 3000 Acres per production piatiorm
Alaska--onshore ' 65,000 Acres per million barrels per
day of prnduction21
Algska-~nlfshare 2000 Acres per production platformll
Chemical reguirements for tertiary
recovery: 6 s
Biopolymers and i-6 x 10 Pounds per 10 barrecls of oil
polvacrylamides o ¢ sroduced
Surfactants (sulfonates} 7-15 x 10 "

Cosurfactants {(isopropanol} 4-10 x 10

4ir pollutant emissions from tertiary

recovery by thermal methods: .

Particulates 1240 Tons per million karrele of
0ll recovercd

50, 1,000 "
NO 200-420 " .
co 21 ' "
fiydrocarbons 15 ' '

Solid waste production (drill cuttings 63 Tons per 10% feet of well#

and spent mud comunnents)

0il release 1nto offshore environ- 9 Barrels per miliion barrels per
ments from normal OCE operations day of production
Pollution [rom oil produced with 50 Barrels per million barrels per

nushore wastewater {(untreatvd)

day of production?

* -3 3
Approximate conversion faetors: 1 gal = 3.8 %x 10 m |, 1 ton = 807 kg, 1 harrel = 0.16 m3,

b d
1 pound = 0,45 kg, 1 were = 4000 m™ -

1—
Thermal recovery al oil {steam iggection) requires ahout 1 barrel of o1l burned for steam

for cvery [our barrels produced, Fmissions are assumed to be the same as for burning

residual [uel o1l.

Three times as many development wnlls are drilled as exploratory wells.



0il production can contribute to air pollution. In some
regions in which it is uneconomical to trahsport oil's co~product,
natural gas, by pipeline, the gas is flared. However, most gas is
reinjected into the well if no gas transmission system is available.
Tertiary recovery by thermal methods, particularly fire flooding or
burning part of the oil underground to build heat and pressure in the
well, ecan result in gaseous emissions from the formation, Recovery of
high-sulfur crude may result in the release of highly toxic sulfurous

26
gases,

(4} Production Accidents

The impact scaling factors for abnormal rroduction
activities .are listed in Table 3-13. The most important impact results

from zecidents to equipment, which release oil te the environment,

M&st 0il reservoirs contact groundwater agquifers, Many
tertiary recovery projects will require the injection of large quan- o
tities of chemicals into oil formations and potentially can result in -
the exchange of water solublc chemicals with groundwater. In locations
in which the hydrology is not well known, tracing the path of such

chemicals into underground aguifers proves difficult,

About 98 percent of the oil entering the world's ocean
environment results from man's activities.7 Much of this oil results
from accidents, To estimate a probahility distribution from sp111527,
we extrapolated higtorical data for the 25-year period between 1973 and
2000. These Spill probabilities most likely represgent upper limits for

the number of large spills.

b, Crude 0jil Distribution and 011 Imports

The ecrude oil distribution system has two main component s—

tankers and pipelines. At present, Alaskan oil flows from offshore

ey,
-,
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Table 3-13

IMPACT SCALING FACTOR FQR PRODUCTION ACCIDENTS

Scaling
' *
Impact Quantity Units
Major and minor offshore Mean number of =spills
olil spills: per 106 barrels per

day of production
over 25 year527

More than 100,000 barrels 4.3
Between 10,000 and 100,000 13
barrels
Between 2,000 and 10,000 T 39
barrels
G
Average amount ol oil spilled Barrels per 10
in: barrels of prcduction7
Major accidents 140-530
Minor accidents 25

¥ 6
Approximate conversion factors: 10 B = 160,000 m

a7



collector lines to onshore storage before belng shipped by tanker to
the lower 48 states, In the future, thc Trans-Alaska Pipeline System
(TAPS)} will bring oil from Northern Alaska to Valdez for storage and
tanker shipment to the lower 48 states., Pipelines transport ﬁost on-
shore oil, while tankers transport about 80 percent of the imported oil.
Currently, most Canadian crude o0il arrives by pipeline, but recent
trends in Canadian policy make any significant erude oil shipments to

28, 29
the United States after 1982 unlikely, '

- The major impacts of the c¢rude oil distribution system
result from construction of pipelines, tanker ports, and storage facil-
ities (tank farms), from the normal operazlions of tankers, and from the
abnormal operations of tankers, pipelines, and onshore storage facil-

ities.

{1) Pipelines

Table.3-14 presents the scaling factors for the
major impacts of future pipeline cbnstruction. Since the present TAPS
ig limited in capacify to about 2,5-million B/D, a sccond pipeline
would be required to increase production up to the 3.,4-million B/D from

the entire North Slope unde HGS.

The normal bperation of pipelines results in minimal
impact, Most onshore pipelines are buried and unobtrusive, Offshore
pipelines at depths shallower than 200 ft are also buried and present
minimal impact. Even the lahor force necessary to operate a pipeline
is small by comparison with employment for refining erude oil. For
example, TAPS will émploy only 300 people during its operation,®? For
the entire oil industay, only about 5 percent of the total employment is

for pipeline operation-—about 20,000 in 1973.2°

58

AT




Table 3-14

IMPACT SCALING FPACTORS FOR THE PIPELINE DISTRIBUTION SYSTEM

Ecaling Factor

Impact Quantity Units
6 5
Pipeline construction: soil 8000 Miles per 10 B/D increase in erude
disturbance, vegetalion ' il supply

removall

Alr pollution from new pipelines
oanshore end of fshore

Particulates 1.25 Tons/day per 1000 miles pipeline
502 16 "
Hydrecarbons 0.38 "
N(lx 5~8_.8 n
co 0.50 n

4
Air pollution lrom a TAPS

Particulates 2 Tons/day per 1000 miles pipeline
SO 2& a 11

Hydrocarbons 2 "

NOx 38 .

co 11

Offsite impacts indueed by
employment, urbanization, and
recreation demands

Onshcre5 ' = 0 Employees per 1060 miles of pipelime
Alaska 200 Employees per Trans=Alaska Pipeline
System

L
Ausuming o secund TAPS from Naval Petrcoleum Reserve Number 4 to Valdez.

2
Acsuming 50 percent of the total pipeline mileage of 220,000 m113519 {AF 298, Tgble 20} is
used for crude oil transportation and assuming 13 million barrels per day of crude oil
{iransperted by pipeline. Both numbers are for 1971 ’

33 24-inch diameter crude oil pipeline requires 150 horsepower per mile of pipe.30 Csing
distillate fueled pumps which use 0.0864 gallons of fuel per horsepawer hour, we calculate
0.3 x 102 galinns of distillate fuel per | mile of pipe per day. Emission factors for
digtillate fuel burning pumps zre: 3

50,--142 1be/10% gal, particulates--15 1bs/10° gal, NO,--40-80 1bs/10% gal, €O--4 1bs/10° gal.

Source: Compilation of Air Pollutant Emission Factors, Third Editioen, U,8. Environmental
L
1973,

Protection Ageney,

qSummary Keport &ir Qualily: 'Stations and Related Facilities for the Trans-Alaska Pipeline,’
Alveskz Fipeline Service Company, April 1974, ¢. 6-3%1 We assume a siicond TAPS would have
these some emission {pctors. '

3
Based on the average number of cmployees per mile of pipe (16,000 for 220,000 miles of pipeline},

G
Pernanent employawent for TAPS is anticipated to pe 300 people.
tapproximate conversion factors: 10%p = 160,000 m3
1 ton = 907 kg
1 mite = 1.6 km

o9



{(2) Tankers

Normal tanker operations have the potential to
create more environmental impact than do pipeline operations. Table
3-15 highlights the major impacts and scaling factors for normal tanker
operations. The two major impacts are oil releases to the marine
environment ahd sewage disﬁosal. Tankers, generally in port only a few
days, produce little sewage in U.,S, waters, The control of tanker
ballast cleaning operations, which can be a major scurce of water pollu-

tion, cannot be controlled bevond the U.8, 12-mile limit.

Table 3-16 shows the major impacts from storage
facilities, TAPS storage is the only storage facility included since

most other oil storage is located at refinery sites.

(3) Tanker and Pipeline Accidents

Tanker gfoundings and collisions have resulted in
major oil spills, for'example, the Torrey Canyon, Dragged anchors have
resulted in several pipeline breaks, which released large quantities
of 011.33 Table 3-17 indicates soaling factors for the tanker and pipe-

line accidents that are the most likely to occur.

c,: Refineries

Many of the impacts of refineries come from the manpower,
materials, capital, and water requirements for its construction and
operation. To provide information on refineries, analagous to that
presented in the MCI scenarioc (Chapter 6) for the synthetic fuels

technologies, Table 3-18 shows the impact scaling factors for refinery
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