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l. INTRODUCTION, SUMMARy AND OVERVIEW

Introduction

Back round of the Stud . For the past several years there
has been considerable interest in the petroleum potential of
the Atlantic Outer Continental Shelf  OCS!. Georges Bank, an
historica11y prolific fishing ground off the coast of New Eng-
land, is one of three areas along the Atlantic OCS of partic-
ular interest in terms of potential oil and gas reserves and
production.

Georges Bank covers approximately 11,000 square miles,
an area larger than any of the New England states except Maine
 see map!. Despite their considerable distances from shore,
substantial areas of Georges Bank are in water depths of less
than 30 fathoms  one fathom equals six feet!, and there are
notably shallow areas such as Georges Shoal and Cultivator
Shoal where water depths range from about one to twelve fath-
oms. Its water depths increase rapidly toward the edge of the
continental shelf and landward toward the Gulf of Maine, reach-
ing depths in excess of 100 to 200 fathoms. In addition, the
southwestern portion of Georges Bank is bordered by the ccmpar-
atively deep water in the Great South Channel which ranges from
25 to 50 fathoms. Water depths just to the south of the Chan-
nel range from about 40 to 50 fathoms, and just north of the
Great South Channel toward the Gulf of Maine, they range from
50 to 80 fathoms  U.S., Department of Commerce!,

There has been no exploratory drilling on Georges Bank
to date, and until considerable drilling and actual develop-
ment take place, discussions of possible total oil and gas
reserves and the size and distribution of individual oil and
gas fields must be considered hypothetical. However, the v.S.
Geological Survey  USGS! has estimated that the entire Atlan-
tic OCS could contain recoverable resources of 10 to 20 billion
barrels of oil, including natural gas liquids, and 55 to 110
trillicn CubiC feet of natural gas  U.S., Department Of Inter-
ior, Geological Survey, 1974!. In comparison, the giant Prud-
hoe Bay Field on Alaska's North Slope, for which the Trans-
Alaskan Pipeline  TAPS! has been designed, may contain re-
serves on the order of ten billion barrels of oil. And the
reported proven reserves of natural gas and crude oil for the
state of Louisiana on January 1, 1970, were 5.7 billion barrels
of oil and 85 trillion cubic feet of gas  American Gas Assoc-
iation, 1970, pp. 42, 140!.

The considerable current interest in the petroleum po-
tential of Georges Bank has several interrelated dimensionS.



First, can the offshore oil reservoirs be tapped at economic
and environmental costs that are less than the cost of imported
oil, and what would be the size and the distribution of the
returns from offshore oil development to the nation as a whole
and to the coastal areas?

Second, to what extent will oil and gas from the OCS help
the nation achieve greater self-sufficiency in petroleum and
energy production? This point ignores the broader question
of what combination of energy sources at what rates of supply
is most favorahie ffor the United States ' t rm of eoonom o
and environmental costs  Cummings et al., l975! . While the
precise role of oil and gas resources in the national energy
strategy is as yet undefined, offshore leasing and production
clearly are expected to play a key part in planning for greater
national energy self-sufficiency.

Third, in addition to national considerations, the poten-
tial development of OCS petroleum resources is of interest at
local, state and regional levels. For example, what will be
the short- and long-run impacts of offshore development and
petroleum refining activity on the region in terms of total
or per-capita income, employment, and other variables? If
the effects of major activity should be concentrated in par-
ticular coastal areas, what will be the likely dimensions of
some of the consequences for the areas concerned in terms of
economic activity, employment, income, population and the
associated demand for public services?

A fourth issue is the extent to which the various uses
of the ocean and shoreline will conflict with each other. We
need to consider how such activities as fishing, boating,
swimming, tourism, and enjoyment of the shoreline might be af-
fected by petroleum development, and to what extent such de-
velopment might alter or disrupt coastal ecosystems or alter
the aesthetic assets of coastal areas.

Pur ose of this Stud . This study examine= the direct
and secondary impacts on New England of alternative potential
offshore oil and gas developments and possible petroleum re-
finery activity withi~ the region. A number of specific
Georges Bank oil and gas and petroleum refinery scenarios are
postulated. For each alternative set of developments, esti-
mates are made of their effects on total earnings, income
and employment and, in some cases, on other socio-economic
indicators, e.g., population. In addition, an estimate is
provided of the possible direct and secondary impacts of al-
ternative petroleum developments on broad industrial sectors
of the regional economy. The impact estimates are pr'imarily
for New England as a whole, although results also are pre-
sented for a sample coastal area in southeastern New England.

The scope of this study does not permit a detailed exam-
ination of the multitude of planning issues resulting from
potential OCS development and petroleum refinery activity.
However, the results permit insights into the kinds of impacts
that can be expected from alternative petroleum developments.



This type of information can provide a basis for gaining an
understanding of a host of planning issues related to the
types and levels of demands that will take place in the region,
information which in turn is useful in assessing the adequacy
of resources and planning mechanisms to deal with the demands.

Environmental issues are not examined in this report.
1

Nor is a detailed assessment made of the national returns
from Georges Bank development or of the rale of potential off-
shore production in contributing to regional petroleum and
energy self-sufficiency, although the study results clearly
shed some light on these issues.

Stud A roach and Petroleum Cases Examined. A
representation of the hypothetical development of individual
Georges Bank oil and gas fields was constructed. Its re-
sults were used to make judgments about some of the implica-
tions of a buildup of a potential Georges Bank petroleum basin,
i.e., a number of fields.

Two major Georges Bank oil and gas scenarios were con-
sidered  table 1.1!. The low case assumes that Georges Bank
contains recoverable reserves of 400 million barrels of oil
and two trillion cubic feet of natural gas. In the high-find
scenario, oiI reserves are three billion barrels and ten tril-
lion cubic feet of natural gas. The high and low finds are
we11 within the USGS estimates for the entire Atlantic OCS.

Georges Bank contains four fields in the low-find case,
and twenty-five in the high, The capital costs of develop-
ment used to characterize all Georg s Bank fields for the pur-
poses of obtaining regional impact effects are on the order
of S79 million for the oil field and $90 million for the gas
field  $ 1973! .

High and low oil and gas prices are used in the study.
The low price used is $6 per barrel  bbl! and the high price
is $9/bbl. For natural gas the low price is $.75 per thousand
cubic feet  Mcf! and the high is $.95/Mcf.

Two petroleum refinery scenarios also were considered.
The low refinery case involves one New England refinery, and
the high, three. All are assumed to be integrated refineries
with a throughput capacity of 250,000 barrels per day  B/D!,
and to involve an investment cost for each on the order of
$475 million  $ 1970!. Offshore oil production need not be
tied to regional petroleum refinery activity; however, one
refinery would be more than adequate for the low-find Georges
Bank case, and three for the high. However, even if three
250,000 B/D refineries distributed all of their output in
regional markets, New England still would need to import con-
siderably more than 50 percent of its petroleum products.

A multi-industry, multi-regional economic model was
adapted to provide insights into the kinds of direct and in-
direct effects alternative offshore oil and gas and petroleum
refinery developments could have on the region. For each



petroleum case considered . the following estimates were used
as input into the regional model:

l. investment taking place in New England through time
as a result of  a.! offshore development, for example, plat-
form fabrication, oil storage terminals and gas plants, pipe-
line preparation, and other capital investments; and  b.! the
construction of one or three petroleum refineries.

2. Offshore oil and gas production and petroleum re-
finery output over time.

3. Public revenues received by the region over time in
the form of  a.! real estate taxes on petroleum refinery in-
vestment and on oil storage and gas pla~t facilities related
to Georges Bank petroleum production; and  b.! royalty and
cash bonus payments received indirectly via additional federal
government outlays taking place in New England.

Excluding the base-case regional model, in which it is
assumed no petroleum developments take place, four regional
impact cases were examined; high and low offshore finds,
high and low prices for oil and gas, and one and three refin-
eries. Four state control cases also were run with the regional
model; however, in view of the Supreme Court decision uphold-
ing federal control over Georges Bank, these cases are not
developed in the text  table 1.2!,

Summar of Selected Results

Hypothetically, production from Georges Bank would begin
during the fifth year after an initial lease sale. Peak an-
nual production would be reached 'n the ninth year wi th the
low find and in the sixteenth with the high  figures 1. 1 and
1.2!. Should an initial lease sale be held in 1975, then,
production would begin in 1980 and peak in about 1985 with
the low find and in 1990 with the high. These results are
based on the assumption that substantial areas of Georges
Bank are leased rapidly, and that there are no delays in de-
veloping offshore fields.

Potential Offshore Production and Re ional Demand. None of
the offshore oil scenarios considered comes near to equalling
the region's demand for petroleum products. For example, maxi-
mum annual production in the high-find case is about 219 mil-
lion barrels in 1990, equivalent to about one-half the re-
gion's consumption of refined products in a base year, 1972
 table 1 1!. Even if Georges Bank proves to contain six bil-
lion barrels of recoverable oil -- twice the high-find oi1
reserves considered here -- peak annual production still is
only about the equivalent to the region's consumption of oil
products in 1972. This is not to suggest that Georges Bank
oil production would be unimportant. in any sense; instead, the
results indicate that very large commercial oil finds will be
needed before production from frontier OCS areas even begin
to approach oil demands in the region. In the low-find oil



case, Georges Bank productio~ is only a fraction of the re-
gion's consumption of oil in 1972.

On the other hand, peak gas production from Georges Bank
under the high � find assumptions exceeds by a wide margin New
England's consumption of gas in 1972. Thus if Georges Bank
contains ten trillion cubic feet of gas, New England couLd be-
come self-sufficient in natural gas and conceivably an ex-
porter, depending on the growth in the region's demand for
gas, the relative costs of energy sources, and how Georges
Bank gas production is distributed. In the low-find gas case,
however, the maximum production of gas from Georges Bank would
be the equivalent of slightly more than one-half of the re-
gion's consumption of gas in 1972.

Re ional Economic Im act. Detailed economic effects are
presented in chapter 4, and what foLLows is only a brief sum-
mary of some of the major impact findings and aggregated
results. Table 1.3 contains economic indicators of the es-
timated impact of the low- and high-find offshore petroleum
developments on the region, averaged for selected years. The
offshore petroleum results assume federal control over Georges
Bank, and the initial lease sale is regarded as taking place
in 1975.

Offshore development investment exceeds $2 billion in the
high-find case and is over $325 millio~ in the low. The off-
shore regional impact results are based on the assumption
that a share of the development investment takes place in the
region. It also is assumed that New England indirectly shares
in offshore revenues through increased spending by the federal
government in the region. In addition, real estate taxes are
assessed on oil terminal and gas plant facilities, and reach a
maximum of about $1 million annually in the high-find case and
slightly under $200,000 a year in the low.

In the low � find case, direct and indirect employment in
the region increases by about 3,000 during the period of major
field development activity, 1977-79. Field development activ-
ities, a share of which take place in New England, include
well drilling and exploratory work, platform fabrication,
pipeline preparation and laying, the construction of oil ter-
minals and gas processing plants, the manufacture of pumps,
compressors and instruments, and associated investment. Field
development activities are comparatively short-run; employment
declines sharply in later periods as the development phase
is completed and the fields are brought into production. An-
nual regional payrolls could be as high as $33 million and
income as high as $39 million during the years of peak activ-
ity related to offshore development-

With the high-find offshore petroleum case considered in
this study �5 offshore fields!, annual employment in the re-
gion as a result of development and production activities
could be in the ra~ge of 6,000 to 7,500 from 1977 to 1990,
and average annual earnings could range from $70 to $100 mil-
lion during this period.



Selected total indicators of the regional impacts result-
ing from both the one- and three-refinery cases are contained
in table 1.4. As presented here, the regional impact results
for the refinery construction cases are in addition to re-
sults for the offshore petroleum cases.

Refinery construction in both cases would begin in 1977,
and the refineries would come on st.ream in l979. The impact
results include direct and secondary effects of state and
local real estate tax revenues, estimated to be $4. 18 million
annually for each refinery -- considerably more than the prop-
erty revenue from the onshore oil storage and gas plant facil-
ities associated with Georges Bank petroleum operations,

Table 1.5 contains a summary of all the petroleum impact.
cases stated in terms of the aggregate present value of re-
gional earnings and income resulting from each alternative.
Part A of the table deals with the various Georges Bank oil
and gas alternatives, while part B summarizes the results of
the refinery cases. Three discount rates are used, but the
discussion below is based on the eight-percent discount rate.

With federal control over Georges Bank and the high prices
assumed, the present value of direct and indirect income to
the region ranges from about $207 million to about SL billion,
depending on whether the low or high offshore cil and gas
find proves to be the case.

A single petroleum refinery will lead to considerably
higher discounted regional earnings and income than the low-
find, federal � control offshore petroleum case considered in
this study. The three-refinery alternative has only a some-
what higher present value of income and earnings than the
high-find case with federal control, but if each estimate is
off by as much as five percent, the two potential petroleum
developments would have about the same effects on total earn-
ings and income in the region.

For either the low- or high � find case, the present value
of regional income and earnings is somewhat higher in the
high-price case than in the low. The results in table 1.5 do
not include losses in the real income of the region due to
higher petroleum prices. Instead, the results reflect earn-
ings and income in the region resulting from a particular
petroleum development alternative, given that the high or low
set of prices prevails and is i~dependent of the development
of Georges Bank.

In perspective, the expansion in economic activity de-
scribed here cannot be expected to substantially increase New
England's employment rate or annual per-capita income. Given
the size of the regional labor force and the fact that popula-
tion does increase as a result of OCS or petroleum refinery
developments, this is not surprising.

The regional impact estimates presented in table 1.5,
with some exceptions for public expenditures, environmental
factors and other considerations, correspond with what one
would expect to see reflected in a sy .tern of economic accounts



measuring employment, earnings, income, output, and other
variables, if the region maintained a unified set of accounts,
Regions understandably may wish to measure the total impacts
of prospective economic developments. However, it also is of
interest in terms of national goals to provide estimates of
the extent to which increases in regional earnings and income
represent an increase in national earnings or income or in-
stead merely a transfer of resources and income into the re-
gion  or even among sections of the region!.

In order to estimate the share of total regional effects
that represents a true increase in national earnings and
income, all payments to labor must be adjusted to reflect the
real, or opportunity, cost of the labor used in the region.
The results of this adjustment are summarized in table l.6.

The adjustment for resource costs brings into sharp fo-
cus the difference between estimates of the total regional
impacts experienced by a region -- the results in table 1.5
and estimates of the increase in national earnings and income
associated with the petroleum activities taking place in the
reqion, as indicated in table l.6. For example, at a discount
rate of eight percent, the total or unadjusted regional earn-
ings and income in the low-find, high-price, federal-control
case is Sl96 million and $207 million  table 1.5!. These fig-
ures represent an estimate of the direct and indirect impacts
on the region of this offshore find scenario, and the esti-
mates would be reflected in a system of regional economic
accounts for New England. However, when adjusted for resource
costs, the share of regional earnings and income that contrib-
utes to national earnings is $49 million and to total national
income is $60 million. Similarly, the total discounted earn-
ings and income accruing to the region with one refinery is
about 9324 million and $353 million, respectively. The com-
ponent of regional income and earnings that represents a gain
in national earnings and income, however, is about $82 million
and Sl09 million, respectively.

In summary, both the total regional impact results and
the total results adjusted for resource costs are of interest,
although from different points of view. There is, however,
a substantial difference between the two measurements of re-
gional economic effects. The total effects include the use
of unemployed regional and non-regional labor and regional
capital, the location effects from a transfer of resources
and income ir to the region, and perhaps a re-allocation of
resources among activities and areas within the region. The
total results adjusted for resource costs, on the other hand,
provide an estimate of the share of the total earnings and
income accruing to or taking place in the reqion that also
represents an addition to national earnings and income, after
subtracting the opportunity costs of the resources used in the
region,

Economic Im act on Exam le Central Coastal Site, Impact
results also were presented for an example coastal area in
southeastern New England, Bristol County, Massachusetts. A



large fraction of field-development investment. activities and
offshore � production support activities are assumed to be based
in the county, and the county is also assumed to be the loca-
tion of a petroleum refinery. These results provide insights
into the magnitude and kinds of effects on coastal areas that
are central sites for petroleum activities.

In the high-find, no-refinery case, total Bristol County
employment could range from 2,400 to 3,600 during different
periods of offshore oil and gas activity. The location of
economic activity in the county in turn could lead to a popu-
lation increase as high as 6,600, Total direct and indirect
employment in Bristol County associated with petroleum activ-
ities in the high-find, one-refinery case could range from
about 4, 500 to 5,900. The population in the county could in-
crease by as much as l1,500. The employment-population fig-
ures cited here in fact almost certainly overstate changes in
Bristol County since not all the labor associated with petrol-
eum developments, e.g., tanker crews or production-drilling
crews for offshore platforms, may live within the county.
Offshore drilling and production crews work a seven day on-
seven day off schedule, and, as in the Oulf of Mexico, it is
reasonable to expect that crew members who commute only twice
a week may be willing to travel considerable distances.

Particular coastal areas that become centers for OCS-
related activity, and possible sites for a refinery, may ex-
perience only a small increase in annual per-capita income
less, and in most periods considerably less, than $50 per
person -- and a slight reduction in area unemployment rates.
Most developments in areas like Bristol County do not have a
substantial effect on either per-capita income or unemployment
rates because �.! the base-case population is high, and pop-
ulation tends to increase along with income when new activ-
ities are introduced; �.! southeastern New England is an
open economy, and a good deal of commuting can be expected,
so that local employment may not draw upon the local labor
force; and �.! except for labor used in construction, refin-
ery and in most OCS petroleum operations, not all the addi-
tional employment is high wage. But results like these may
need to be qualified somewhat if current unemployment rates
persist.

OVerall, pOpulation and employment in BriStOl County as
a whole could increase two to three percent as a result of
the petroleum-related developments considered in this study.
However, this kind of comparison can be misleading. Offshore
petroleum and refining activities are particularly marine-
oriented, so that much of the development activity in the
county will tend to be concentrated along the coastline. One
lesson from the North Sea experience is that a rapid influx
of petroleum-related activity into particular coastal areas
during the development phase of offshore operation can create
a number of "dislocations." Wage rates, land and housing
values and the cost of resources in limited supply are bid up,
although market adjustments would be expected with time. Pub-
lic services may prove inadequate. Pressures develop to con-
vert existing facilities and land for use in activities assoc-



iated with petroleum operations. The smaller the community,
the more noticeable such consequences will be. In short, the
obvious and subtle consequences of development occur, except
within a telescoped time frame, given that offshore blocks
may be developed quickly once a lease sale is held. The high-
find refinery impact scenarios indicated here, then, imply
noticeable changes for coastal areas in terms of population
and economic activity and the general level of development.

Whatever the outcome of the federal-state dispute over
the jurisdiction of Georges Bank, state and local authorities
will be called upon to address a variety of onshore issues.
These will include studies and hearings to evaluate alterna-
tive landfalls and pipeline corridors for offshore oil and
gas; site selection for the location of oil terminals and gas
processing plants; the adequacy of existing port facilities
ta accommodate offshore support vessels; the possible conver-
sion of some coastal lands to support offshore development and
productio~ activities, and the effects of potential refinery
activity.

As mentioned previously, no attempt has been made as part
of this study to evaluate in detail the social costs, poten-
tial onshore conflicts and planning issues that can arise as
a result of the development of offshore oil and gas fields and
the location of petroleum refineries in the region. The re-
sults do indicate development pressures that will confront
coastal areas as a result of the potential introduction of
petroleum-related activities. Also, an effort is made to pro-
vide perspective on the kinds of management issues that will
confront coastal areas. Additional work is needed, however,
to examine in detail the activities and demands that are likely
to be made in coastal areas and to inventory the stock of
port, transportation, social service and other facilities
and resources. Assessments then can be made of the extent
to which potential OCS petroleum developments might encounter
constraints or bottlenecks in the region's coastal sections
as well as the adequacy of existing offshore leasing arrange-
ments and coastal planning mechanisms to deal with these prob-
lems. This kind of a planning strategy would, among other
things, provide guidance in dealing with potential planning
problems, including a possible ranking of particular ports
and coastal communities in terms of, say, lowest social cost
of accommodating OCS development and socio-economic conflicts.
Specialized studies of the potential onshore effects of OCS
developments also would provide more refined measures than
currently exist of the true social gains of offshore develop-
ment and would indicate the onshore costs to coastal regions.
This type of information would prov>de a rational foundation
for examining the existing federa} OCS leasing arrangements
in which all offshore public revenues accrue to the federal
government irrespective of the social costs borne by coastal
areas in support of offshore oil and gas operations.

Overview of the Work

The first step in deriving estimates of the potential
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xegional impacts of petro1eum-related developments is to assess
the economic aspects of potential oil and gas production.
Chapter 2 contains a simple representation of potential Georges
Bank petroleum development. Estimates are made of both pro-
duction and returns associated with developing individual hy-
pothetical oi1 and gas fields undec different assumptions about
the possible size of individual fields, the price of oil or
gas and a number of other considerations. The results then
are used to evaluate total production possible from a poten-
tial Georges Bank basin, e,g., a number of individual petrol-
eum fields, under the low- and high-find scenarios.

In chapter 3 attention is given to investment demands,
output and public revenues from hypothetical New England pe-
troleum refinery activity. In addition, this chapter reviews
the kinds of investment demands that can be anticipated from
offshore oil and gas development. This information provides
insights into the potential interactions of petroleum develop-
ments with the regional economy.

The results of chapters 2 and 3 provide the basis for
estimating the direct and secondary regional economic effects
of the potential petroleum developments in chapter 4. The
assumptions and properties of the regional economic model are
described in this chapter, and a summary of the impact re-
suIts is presented. For each petroleum case considered, the
estimates of offshore oil and gas production, petroleum re-
finery output, public revenues and petroleum-related invest-
ment demand for New England are used as input into the regional
economy model, This procedure for each petroleum case eval-
uated generates estimates of the direct and secondary economic
impacts from the potential introduction into New England of
a variety of particular petroleum developments.

The results of chapter 4 are qualified in chapter 5 to
reflect considerations regarding the cost of resources used
in the region, and public revenues and public service costs.
The discussion in chapter 5 also provides a perspective on
possible social costs and planning issues associated with
potential petroleum activities.
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Table l. 1. Summary of possible Georges Bank petroleum reserves
and production and New England petroleum consumption in 1972.

Oil TotalGas

3 bill. bbls.
15

10 trill. cu.ft.
10 25

400 mill. bbls.
2

2 trill. cu. ft.
2

New England Consumption
of petroleum products
in 1972d 438 mill. bbls. 260 bill. cu.ft.

a
Recoverable reserves at a low landed price of $6/bbl of oil

and $.75/Mcf of gas.

b
Each oil f ield is assumed to contain 200 million barrels of

reserves; gas f ields each contain on~-. trillion cubic feet of non-
associated natural gas.

c
Derived under the assumption that two oil fi"lds and one gas

field are discovered each year until all po' en'.ial fields on
Geo: ges Bank have been discovered for the high and low cases.

d
Based on Minerals Zndustr Surve information for 1972 pub-

lished by the Bureau o Manes.

High Case aReserves
Number of f ields
Maximum annual

productionc

Low Case
Reserves a

Number of fieldsb
Maximum annual

productionc

219 mill. bbls, 700 bi11., cu.ft.

29 mill, bbls. 148 bill. cu.ft.
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Table 1.2. Summary of offshore petroleum and refinery cases
examined with the regional model.

RefineriesOCS Finds Pricea ControlCase

lb Low

lb High

High Federal

Federal

Federal

Federal

Low

High Low

High

High

High

High

Base cases, assuming no Georges Bank OCS development
and no refineries in New England,

aTo reduce the number of find-price combinations, the
low and high classifications for field size and price refer
to both oil and gas. Thus, the low find case assumes that
Georges Bank contains the low reserve assumptions for both
oil and gas used in the study; similarly, the high price case
means that the study assumptions for the high price of oil
and gas are in effect.
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Table 1.3. Economic indicators of the regional impacts of example
offshoxe petroleum cases averaged for selected years. a

1977-79 1980-85 l985-90 l97 -79 1980- 85 385-90Indicator

3,015 1,115 1,375 6,295 7,135 7,575Fzoployment

Payrolls
 in millions! $32. 9 $13. 8 $18 . 0 $73, 2 $87 . 2 $101, 3

$39.4 $14.0 $25,7 $87.3 $135,0 $144.6

Source: Special application of the Harris regional forecasting
model.

Tho figures in each column represent an average, not a total,
for the yc ars indicated in the column heading,

b Regional income = earnings + transfer payments + property
income � social security contri.butions.

'Adjusted to reflect the same income-to-earnings ratio as in
1985-90 high-find case,

fncome b

 in millions!

I ow Fi nd
Federal Control

No Petroleum Refinery

High Find
Federal Control

No Petroleum Refinerv



Table 1.4. Economic indicators of the regional impacts of petrol-
eum refinery alternatives averaged for selected years, a

1977-8 1980-8 1985-!'U1977-8 1980-85 1985-90Indicator

Employment 2,900 2,630 2,650 8,220 6,000 6,825

$34,4 $34.3 $36.5 $94,6 $81,3 $96.3

$42.3 $41.5 $40.6 $118. $98.4 5107.J

Source: Special application of the Harris regional forecasting
model,

The figures in each column represent an average, not a tota1,
for the years inuicated in the column heading,

b Calculated as the difference between the low find-state control-
high price cases with and without a petroleum refinery.

c Calculated as the difference between the high find-high price-
federal control case with a1d without three refineries,

d Regional income = earnings + transfer payments + property
income - social security contributions,

e Adjusted to reflect the same income-to-earnings ratio as in
the 1980-85 or 1985-90 three-refinery case.

Payrolls

Income
d

One 250,000bB/D
Refinery

Three 250,000 B/D
Refiner'esc
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Table 1.5. Estimat ad discounted New England earnings and per-
sonal income fro. alternative potential offshore oil and gas
and petroleum ref � ~ ; developments  in $ million!-

A. Offshore Petroleum Cases Examined

Low-Find Hi h-Price Federal-Control
Discount

Rate
Personal
IncomehEarnincra

$207
155
130

$196
150
120

.08

.11

.14

Hi h-F ind Federal-Control
Hi h-PriceLow-Price

Discount
Rate

Personal
Income

Personal
Income~EarnE n ncn

$871
632
478

$100 2
739
569

$874
641
488

$1006
751
579

.08

.11

. 14

B. Re ional Petroleum Ref incr Cases Examined

Three RefineriesOne Refiner
Discount

Rate
.08
.ll
.14

aThroughout the table, earnings = payrolls.

b
Througi".out the table, personal income = earnings +

transfer payments + property income � social security con-
tributions.

In the one refinery case, the example refinery location
is Bristol County, Massachusetts. The three example refinery
locations are Bristol County, Massachusetts; Newport County,
Rhode Island; and Washington County, Maine.

Personal
E~n 1 cc a

$32 ~ ~353
234 265
177 207

Personal
E~n'n a 1 ccm

$923 ~1369
649 814
483 600



Table 1.6. Discounted share of New England earnings and per-
sonal income from alternative potential petroleum develop-
ments that represents a gain in national earnings and income
 in S million!.

Low-Find, Hi h-Price Federal Control
Discount

Rate
Personal
IncomebE~ln s

S60
43
39

S49
38
30

.08
,11
.14

Hi h-Find, Federal-Control
Low-Price Hi h-Price

Personal Personal
~Earn'n I come ~Earn n s In

S218 S349 S219 S351
158 265 160 271
120 210 122 213

Discount
Rate

.08

.11

.14

B. Re ional Petroleum Refiner Cases Examined

Three RefineriesOne Refiner
Discount

Rate
Personal

~Earnin I come
S82 S109

59 90
45 74

.08

.11

.14

aThroughout the table, earnings = payrolls.
bThroughout the table, personal. income = earnings +

transfer payments + property income � social security con-
tributions.

In the one refinery case, t: he example refinery location
is Bristol County, Massachusetts. The three example refinery
locations are Bristol County, Massachusetts; Newport County,
Rhode Island; and washington County, Maine.

A. Offshore Petroleum Cases Examined

Personal
'ncrs Inco e

S231 S478
173 317
120 238
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Footnotes

1. There is a voluminous literature on the effects of oil on the environ-
ment and a less extensive, but rapidly growing, body of research that fo-
cuses on the environmental aspects of offshore oil and gas production and
transpoz'tatiOn, e.g., M.1.T. �973!, University of Oklahoma �973!, Coun-
cil on Environmental Quality �974!
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2. PETROLEUM PRODOCTION FROM GEORGES BANK

The field development model in this chapter is used to
obtain estimates of the approximate cost necessary to develop,
produce, transport to shore, and store oil or process gas
from hypothetical offshore fields. Based on the field model,
estimates also are obtained for oil and gas production, rev-
enues, profits, and royalty and cash-bonus payments under a
variety of possible alternative economic and policy develop-
ments. The model then is used to make some judgments about
some of the implications of a buildup of a potential Georges
Bank petroleum province or basin.

The results of this chapter provide the basis for develop-
ing in chapter 4 estimates of the kinds and scale of invest-
ment activity associated with OCS development. The informa-
tion generated in this chapter and in chapter 4 is used in
chapter 5 as input into a regional economic model to estimate
the direct and secondary impacts of potential offshore de-
velopmentt.

The approach adopted in developing the model of of f shore
f ield development is based upon a synthesis of industry prac-
tices in offshore areas. It is recognized, of course, that
potential field operations on Georges Bank will not have the
exact characteri; ties of the hypothetical fields discussed .
However, the model presented here captures the major features
of offshore petroleum development, and suits the purpose of
the study: to estimate the regional economic consequences
of a variety of possible offshore petroleum developments.

Simulation of the future development of Georges Bank
necessarily involves a host of judgments and assumptions.
In general, when there is difficulty in determining which of
several cost estimates is most likely, the high cost is used.
In addition, efforts are made to establish explicitly the as-
sumptions used to generate the results in each of the cases
examined below and to provide some sensitivity analyses for
many of the important variables included in the study.

A Sim le Re resentation of the Develo ment of Individual Off-
shore Petroleum Fields

For convenience, the hypothetical offshore petroleum
fields considered in this study are assumed to contain either
oil or gas. That is, gas is produced from gas fields not
associated with oil, and gas produced as a joint product with
oil is either used for power on the platform or is flared.
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The discussion in the text fs in terms of recoverable
reserves, i.e., the amount of oil or gas in place that will
be recovered from a specified hypothetical field at alterna-
tive prices, given company costs and the existing state of
technology. An increase in the price of oil or gas will lead
to additional field development and larger recoverable re-
serves. The field supply elasticity used here is .25. Thus,
it is assumed an increase in petroleum prices of ten percent
will give rise to an increase of 2.5 percent in oil or gas re-
serves recoverable from a given field.l

Price Assum tions. High and low prices for oil and nat-
ural gas are used in the study. In light of the behavior of
the world crude oil market in the past few years, since the
emergence of the unified OPEC cartel, it is heroic indeed to
speculate on the price of crude oil over the next year, let
alone over 20 to 30 years. It also is risky to speculate
on a long-run price or series of prices for natural gas,
since the market for natural gas will depend on the price of
oil as well as on federal regulatory policies. It is possible,
however, to set reasonable upper and lower limits on a long-
run price of crude oil and natural gas.

The high price of oil used throughout the study is $9
per barrel  bbl!; it is unlikely that the price of crude
oil could remain at a price greater than $9-10/bbl in the long-
run. Prices at this level would discourage demand, or at
least growth in demand, and encourage secondary recovery from
existing fields, exploration of new fields, and the develop-
ment of fields which, at lower prices, had been considered
marginal or noncommercial. Moreover, alternative conventional
 nuclear power! and nonconventional  solar energy, coal gas-
ification! energy sources would be expected to substitute for
traditional sources and uses of petroleum. Houthakker and
Kennedy have argued recently that at a real �973! price of $8/
bbl the OPEC countries would price themselves out of the world
market in the long-run. Under these conditions, the OPEC
countries would need to reduce prices in order to increase
export revenues �974, pp. 20-22!. Alternately, major OPEC
production cutbacks might be called for in the long-run to
maintain a world oil price of $8-9/bbl.

On the other hand, oil prices may not decline below, say,
$6/bbl in the foreseeable future. It is interesting to note
that domestic oil companies recently submitted a total of $210
million in winning bids to develop shale oil from a 5,120-acre
tract in Colorado; similar offerings in the past have only
elicited modest interest as reflected by very low bids  Anon,,
1974, p. 30!. Assuming $5-6 estimates of the cost of produc-
ing oil from shale are realistic, apparently a number of com-
panies are willing to bet heavily that the domestic price will
not fall below that level. Even if world oil market develop-
ments were such that in the long-run pressures developed to
price oil at less than $5-6/bbl, it is not inconceivable that
attempts once again would be made to maintain the U.S. domes-
tic price above the world price to encourage domestic self-
sufficiency and conservation. The low price used for this
study is $6/bbl.



The price for natural gas from potential offshore fields
will depend on the pricing policy applied to new gas. In a
recent landmark decision, the Federal Power Commission  FPC!
established a national uniform base rate for new gas and gas
sales where old contracts have expired. The new national rate
replaces the former system of setting ceiling rates for each
producing area, and with the new pricing structure gas com-
panies are allowed a base price of $.42 per thousand cubic
feet  Ncf! at the wellhead. Adjustment factors  for gathering,
transportation and Btu content! may result in a higher base
price in some cases; moreover, annual escalations of one cent
per year per Mcf are allowed  U.S., FPC, 1974, pp. 103, 110! .
In addition, companies developing offshore fields that can
support higher cost cIaims vill be allowed to petition the
FPC for higher gas prices.

The new FPC pricing policy raises the field price of
"new" natural gas substantially over the early 1974 area
rates, which ranged from area maximums of S. 20-. 34/Ncf. 2 On
the assumption the new FPC policy is maintained, a landed
price of gas of $.75/Mcf is a reasonable average price for po-
tentiaI Georges Bank gas fieIds. This is the low-price esti-
mate adopted for this study.

The high-price estimate for natural gas is $.95/Ncf.
This price is somewhat higher than the 1980 equilibrium price
of $.836 recently estimated by one source  N.l.T., 1974, p. 25!,
but is lower than the $.90-1./Mcf and even higher equilibrium
price estimates which have been mentioned in some industry
and government circles.

In summary, in postulating total recoverable reserves
for individual Georges Bank fields, a hypothetical oil field
with estimated recoverable reserves of 200 million barrels at
the low price of $6/bbl will have recoverable reserves of
225 million bairels at an expected price of $9/bbl. Similarly,
a hypothetical Georges Bank gas field with reserves of one
trillion cubic feet of gas at a price of $.75/Ncf is taken to
contain 1.07 trillion cubic feet of reserves at a price of
$.95/Mcf.

Nagpr Field Develp ment and Prcducticn ASSum tipnS. The
possible timing of the major activities involved with the ex-
ploration, development and production phases of hypothetical
Georges Bank offshore fields is indicated in figure 2.1.
Based on prior geophysical exploratory activity, oil compan-
ies nominate tracts that they wish to see included in a lease
sale. Individual offshore blocks may average 5,000 acres,
about eight square miles, but by law a block may not exceed
5,760 acres.

Exploratory drilling from a mobile rig begins shortly
after a lease sale. Support services are required to supply
food, pipe, drilling mud, chemicals, cement, casing and other
materials to the drilling rig.  !p to three 180-foot supply
vessels, each with a crew of 8 to 13 men, may be needed, one
standby for safety, one in port, and one en route. Helicopter
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services  about 20 hours a month! are required to transport
crews, visiting specialized personnel, and light equipment
needed on short notice.

The exploratory drilling period continues for 14 to 16
months or until enough wells are drilled to indicate the com-
mercial potential of the field and delineate its approximate
geographic extent. If the field is found to be commercial,
fixed platforms are ordered.~ This occurs in the second year
after the lease sale. The platforms are constructed, towed
to Georges Bank and installed over an 18-month period.

Development drilling commences once the permanent plat-
forms are installed and operational and a drilling rig is in
place on the platform. While the production wells are being
completed, pipelines are layed in sections by several spe-
cialized pipelaying barges operating simultaneously during
fair weather.

Oil storage terminals will be located on or near the
shoreline where there is access to deep water, unless the crude
is stored offshore and directly loaded onto small tankers or
possibly barges. Alternatively, the crude could be piped
directly to a refinery located along the coast or inland. If
natural gas is produced, a gas processing plant will be located
close to the point where submarine pipelines come ashore.
These plants are used to dehydrate gas and to strip ethane,
propane, and butane before the natural gas  primarily methane!
is marketed through the distribution system. Pipe-
laying and the construction of terminal and gas processing
facilities are timed so that they are in place and operational
when major production from the offshore fields is ready to
begin.

Production from Georqes Bank fields is assumed to begin
during the fifth year after a lease sale, Field production
reaches a peak four years after the production from the first
completed well, or eight years after the lease sale. A seven-
to eight-year average time-frame to develop a large field a
considerable distance offshore in a frontier OCS area is
reasonable and even somewhat conservative. With an accumula-
tion of industry experience in operating in New England waters
and the establishment of an onshore supply system, subsequent
fields may take less time to develop. As a crude check, Bri-
tish Petroleum's giant Forties Field, 110 miles off the north-
east coast of Scotland, was discovered in October, 1970.
Initial production was scheduled to begin in late 1974, and
maximum production is expected to be reached in 1977

Peak field production is assumed to continue at a con-
stant rate for seven years, after which the output declines
gradually as the field is depleted a~d the natural pressure
of the petroleum reservoir declines. The exact amount of oil
or gas produced during peak production years ie determined by
the size of the assumed field in the case being considered,
subject to the constraint that the field will bc economically
exhausted at the end of its production life.5



Once developed, all the hypothetical offshore fields are
assumed to have an "economic" life af 20 years. However,
most of the production from a given field takes place within
the first 12 years. Fields are shut down in year 25, that is,
in the last year of field activity, all wells are cut off and
plugged at the mud line, and the fixed platforms are dis-
mantled and removed.

The capital costs required to develoa a given field de-
pend on the planned production from the field and a number af
technical assumptions, including water depth, drilling depths,
distance to shore, and the initio z oil or gas flow from each
production well. The technical relations used to describe the
development and operation of offshore fields are described
below, and the cost data that will be used to evaluate the re-
turns from Georges Bank oil and gas development are presented
in the next section.

Companies developing offshore fzelds expect to drill a
number of dry holes. Only 8,4 percent of all onshore and
offshore new-Ezeld wildcats were successful in 1968. That is,
10.77 dry holes were drilled for each producing well found in
previously unexplored areas  American Petroleum Institute,
197la, p. 28!, although it is reasonable to expect higher suc-
cess r te ' e offshore e . Ho, fo d ~lo .eot
wells -- wells drilled ta exploit a reservoir previously dis-
covered by new-field wildcat drilling -- the success rate is
much highez. In 1968, for example, of the 21,720 development
wells dri lied in the U.S., 16,319 were productive and 5,401
were dry holes  API, 1971a, p. 14! . This 3:1 success ratio
for development wells is assumed to hold far hypothetical
Georges Bank f ields.

For the offshore petroleum field results pzesented in
this study, the initial ail production per well is set at
1,100 barrels per day  B/D!, and qas produced from nonassoc-
iated gas fields is set at 10 !d �cf/da. Given the initial
production per well, the number of production wells and the
expected number of dry wells depend on the recoverable re-
serves in a hypothetical field and the company's planned peak
rate of production. For example, a company planning for an-
nual peak production of 14.8 million barrels from a field
with recoverable reserves of 200 million barrels would com-
plete 37 pzoduction wells The company also would expect to
drill, on the average, 12 dry holes in the course of develop-
ing the field.

Successful oil and gas wells an Georges Bank are taken
to be drilled to a depth of 10,000 feet, which is zoughly in
line with reported drilling experience at Sable Island, sava
Scotia.  See table 2,1 ! It also is assumed that dzy holes
are drilled to 10,000 feet before the well is abandoned as
noncommercial. The drilling depth far dry holes thus corres-
ponds with the pay depth for successful wells, and it approx-
imates experience in other offshore areas. In offshore
Louzsiana, far example, the average depth of a dry hale in
1970 was 10,742 feet  API, 1971b, p. 31!.
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Well workover or recompletion operations are assumed to
be required for all Georges Bank fields. All production wells
are worked over once, and the first wells are worked over
beginning ten years after initial production from the field.
One-seventh of the wells are worked over per year, beginning
in year 10.

Secondary recovery operations, such as water or gas in-
jection, are not allowed for in this study, and thus all oil
production takes place from the reservoir's natural drive.
Implicitly this means that the investment-production relations
discussed in this section refer primarily to reservoirs char-
acterized by a water drive as opposed to a less efficient
gas cap, dissolved gas or combination reservoir drive.

The number of platforms for a given field depends on
the number of planned production wells. Each field has a
minimum of three eight � pile platforms, two field platforms
one for production, one for living quarters -- and a third
for an interim pumping station for oil or compressor station
for gas. Additional field platforms are added when the number
of wells per platform exceeds 20. Under these assumptions,
the hypothetical oil field with reserves of 200 million bar-
rels and 37 production wells mentioned above would have three
field platforms and one platform for an interim pumping station,

The approximate investment costs to deliver oil and/or
gas to shore, including onshore oil. storage and gas process-
ing, under a variety of alternative assumptions, are dis-
cussed in detail in appendix A. If the development of Georges
Bank follows the pattern of the Gulf of Mexico, fields closest
to shore, and perhaps in shallower waters, will be developed
first. For the range of hypothetical oil fields used in this
study, pipelines, rather than offshore storage and tankers
 or perhaps barges!, are used as the mode of transportation.

The possibility of extended periods of rough seas, during
which the offloading of oil would not be possible, would ap-
pear to favor pipelines over offshore storage and vessel ship-
ment for Georges Bank oil, although for smaller fields con-
siderable distances offshore, a tanker-barge system may in-
volve a lower cost than a pipeline system  M.I.T., p. 114!.
Gas production comes ashore in pipelines.

Pipelines could be routed to Cape Cod, and buried and
extended to a terminal or possible refinery in southeastern
New England. However, the construction of a pipeline corridor
through Cape Cod almost certainly would encounter strong re-
sistance from environmental groups, residents and others. An
anticipation of possible production delays as a result of ex-
tended hearings or legal suits could make a Cape Cod pipeline
route less attractive than a submarine pipeline corridor to
a terminal located elsewhere in southeastern New England. For
the estimates generated in this study, the pipeline s! is
assumed to circumvent Cape Cod and extend to Bristol County,
Massachusetts, implying a distance of about 160 miles. Should
pipelines traverse Cape Cod, the associated capital costs
could be lower than the estimates used in this study since,
depending on right-of � way costs, it usually is far less costly
to install and maintain an onshore pipeline.



Ca ital Cost Data Assum tions. Table 2.1 lists costs of
selected capital items used as data to evaluate the economic
returns for the potential development of Georges Bank petroleum
fields. Other capital costs associated with exploration,
field development and production are discussed below.

It is difficult to assign general exploration expendi-
tures to particular fields. Nevertheless, it is assumed that
the exploration cost which can be attributed to an individual
field -- for seismic reconnaissance, interpretation and re-
lated items -- is $1 million. The drilling cost for dry holes
in the 10,000-foot range used in this study is estimated to
be $35 per foot.5

Well workover, or recompletion, costs are taken to be
$100,000 per well, This figure represents the costs of mov-
ing a large rig on and off the production platform, rig rental,
and support and related services  weaver, et al,, 1974, pp.
20, 47!. The cost of shutting down a field  plug and abandon
wells, dismantle platforms, transport materials, etc.! in
the terminal year is estimated at $1 million per platform
 Weaver, 1972, p. 108!.

0 eratin Cost Data Assum tions. insurance costs amount
to $500,000 per year for coverage against the physical loss
of $12 million.7 The oil or gas transportation operating
costs include maintenance and inspection costs, pumping costs
and oil storage facility or gas treatment plant operating
costs. Transportation operating costs depend on the planned
production rate for a given field, the size of the pipeline
selected by the transportation subroutine and the distance
to shore  see appendix A!.

Other operating costs are estimated to be $4,500 per
month per well. As an example, a field with monthly operat-
ing costs of $170,000  8 1972! -- excluding the costs of
transporting oil or gas to shore -- could have the following
specific costs:

$90 0008
26,000
25,000
10,000

Crew wages
Contract catering services
Transportation-communications
�aterials and supplies

The capital cost of an oil and gas submarine pipeline
system is estimated as follows. For each offshore petroleum
field considered, an estimate is made of the capital and op-
erating costs necessary to deliver peak field production to
shore and store oil or process gas  see appendix A!. The dis-
counted cost of shipping a given volume of oil via pipelines
of two different sizes is compared for each field production
case, and the lower cost alternative is adopted. For gas the
transportation subroutine picks the lowest cost pipeline-gas
treatment system which can handle the peak gas flow from the
offshore field. Capital costs are charged to the field when
the pipeline, pumping and compressor equipment, pumping sta-
tions, and storage terminals or processing plants are installed.
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Repairs and maintenance
Well work
Fuel and power

10,000
5,000
0 000

$170,000

Overhead, including payments to management, is charged
to field operations at a rate of 30 percent of annual operat-
ing costs. The company working the field ie, for convenience,
assumed to pay an effective tax rate of 2! percent of taxable
income throughout the life of the fields.

In addition, companies are required to make a royalty
payment on each unit of gas or oil production from federal
offshore lands. The historic royalty rate has been set at a
flat one-sixth of the value of production at the wellhead,
and this rate is used in this study.

The representation of offshore field development and
the cost assumptions described above provide useful insights
into evaluating a number of economic aspects of the potential
exploitation of offshore petroleum fields. In the next sec-
tion oil and gas reserves are postulated for individual ex-
ample fields, and based on the development and cost assump-
tions presented in this section, a summary of results is
described.

Maximum annual production from the oil field is 8.3 mil-
lion barrels and from the gas field, 79 billion cubic feet,
and peak production is assumed to occur in years 8 through 14.
The maximum annual royalty payments, of course, also take
place during these years and amount to $11.2 million for the
oil field and $9.1 million for the gas field. The Bureau of
Land Management  BLM! historically has allocated federal off-
shore lands on the basis of a sealed bid system. The company,
or group of companies in the case of a joint venture, sub-
mitting the highest bid for a block at a lease sale wins the
right to conduct exploratory drilling and to develop the
block, provided, among other considerations, that the bid ex-
ceeds the refusal bid -- the minimum acceptable bid set by

Some Results for Individual Oil and Gas Fields, Selected
results for the development of example Georges Bank oil and
nonassociated gas fields are presented in table 2.2. The oil
field example considered here is assumed to contain 112.5 mil-
lion barrels of reserves, a medium-sized new oil field by
offshore standards, and the onshore price of oil is assumed
to be $9 over the life of the field, The example gas field
is postulated to contain 1.07 trillion cubic feet of natural
gas, a medium-large new offshore gas field, and the landed
price of gas is taken to be $.95/Mcf. Each of the fields con-
sidered here  and others discussed below! are taken to be lo-
cated in 180 feet of water 160 miles from the point where the
pipeline comes ashore in southeastern New England. The cost
of capital in both cases is 14 percent, which is in line with
the FPC's recent findings regarding the cost of capital, in-
cluding risk, to integrated oil companies for domestic ven-
tures  U.S., FPC, 1974, pp. 59-63!.10
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the U.S. Geological Survey, based on its assessment of "fair
value" for the block.

A company's bid will depend on the value of the field to
the firm and the expected behavior of other companies com-
peting for the lease. The value of the block may vary widely
from firm to firm because of different assessments of the pe-
troleum potential of the area; different expectations of fu-
ture costs, prices, and regulatory policies; different aver-
sions to risk among companies, and perhaps because of differ-
ent degrees of vertical integration among the companies.
Under competitive conditions, the winning bid will equal the
expected, after-tax present value of the block.>> The com-
pany would earn the market rate of return on its investment,
plus an allowance for risk as reflected in its cost of capital.

For simplicity in the calculations below, the hypotheti-
cal winning company is assumed to bid the full expected
present value of the lease. The company thereby earns a rate
of return equal to its cost of capital, and all "excess re-
turns," i.e,, economic rents, are transferred to the federal
government. For the example fields in table 2.2, the expected,
after-tax present value, hence the maximum cash bonus bid,
is about $87 million for the oil field and $53 million for the
gas field.

The unit cost of oil and gas fram the example fields,
excludin any royalty or cash bonus payments, is $2.75/bbl
and $.46 Ncf. Unit cost is defined as the minimum constant
return per bbl or Ncf needed to cover all development and
production costs, including a rate of return of 14 percent
 but excluding royalty payments!. Looked at ano'.her way,
the unit cost could be regarded as a "contract price," that
is, the minimum amount the government would have to pay a
private company to induce it to develop an offshore field
under contract. Actual company oil or gas costs per unit in
any given case also would include at least a minimum cash
bonus as well as royalty payments and other taxes.

The detailed field results  not presented here! used to
generate the summary results in table 2.2 indicate the possible
investment demands associated with the development of offshore
fields. For the oil field considered in table 2.2, the in-
vestment in production platforms is approximately $10. 5 mil-
lion, plus the cost of at least one platform for an interim
pumping station. The investment in a submarine pipeline-
onshore storage terminal for the oil field is on the order
of $27 million. The detailed results thus permit. an esti-
mate of capital development costs, by category, associated
with developing hypothetical OCS oil and gas fields. This
information, discussed in more detail in the next chapter,
provides a basis for understanding some of the kinds of in-
vestment-related interactions OCS development can have with
the regional economy.

The results of some sensitivity analyses are of interest.
12

For example, using the hypothetical oil field considered in
table 2.2, if the firm expects a price of $6/bbl to prevail
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over the life of the field, as opposed to the $9 assumed in
the results in the table, the present value of the field
falls from $87 to $37 milli on  see table 2.3!. If all real
cost.s, excluding taxes, are expected to be 10 percent higher
than those underlying the results in table 2.2, the present
value of the oil field declines to $82 million. If production
is not expected to begin until year 7 because of, say, anti-
cipated skilled manpower or materials bottlenecks, the field's
present value drops to $54 million, with a cost of capital
down to 11 percent from 14 percent, the present value of the
oil field increases substantially to $126 million.

Based on the sensitivity results, it appears that ex-
pectations regarding the future price of oil and the cost of
capital are key parameters that would be considered by a com-
pany evaluating the present value of an offshore block. An-
ticipated delays in field production also would have a sig-
nificant effect on a company's assessment of the present
value of the field. However, moderate changes in estimating
field development and operating costs do not appear to have
a major impact on estimates of the present value of the ex-
ample field.

Selected results for several oil field sizes and alter-
native prices and discount rates are summarized in table
2.3. It is apparent from a review of table 2.3 that there
are noticeable economies to scale with larger offshore field
operations, a finding that also has been noted by others
 M.I T., 1973, pp. 113-118!. The cost of oil per present
equivalent barrel, at a discount rate of 14 percent, declines
fz.om about $4. 51/bbl for the smallest field considered in
table 2.3, 50 million barrels, to $1.68/bbl for the largest
field, 393 million barrels. One source of the declining unit
cost with larger fields is the substantial scale economies
inherent in offshore pipeline systems. In table 2.3, unit
transportation capital and operating costs decline noticeably
over the range of oil fields considered. In addition, al-
though not measured as part of the field model discussed in
this chapter, there may be other scale economies in develop-
ing either larger fields or more than one smaller field as a
result of potential scale economies with onshore support op-
erations, with field operation, maintenance and transporta-
tion activities, with possible common carrier pipelines for
shipping oil oz gas and with onshore terminals or gas plants,

Finally, it may be interesting to ask what would be the
minimum-sized oil and gas field that would be developed at a
given price and cost of capitalg From a review of table 2.3,
it appears that it would be only marginally worthwhile to
develop a field as small as 50 million barrels of reserves
if the expected price is $6/bbl, particularly if there is
the expectation that real costs might be 10 percent higher
than those in the base case. It is interesting that, based
on the results for example gas fields, it may not be econom-
ically worthwhile to develop a gas field as large as 500 bil-
lion cubic feet at a landed pz ice of $. 75/Mcf under the field
conditions assumed for this study. If these results are
reasonably accurate and are substantiated by further research
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an implication would be that it is possible that some compar-
atively large gas fields considerable distances offshore or
in deep waters might not be developed except at prices higher
than those currently being considered by the FPC. However,
even relatively high � cost gas fields may be developed at a
cost per Kcf lower than the $1 to $2, and even higher in some
cases, prices currently being paid by gas utilities in the
Northeast.

H othetical Production from a Geor es Bank Petroleum Province

The scale and rate of development of a potential Georges
Bank petroleum basin will depend on a variety of factors,
some of which are interrelated. These include: federal leas-
ing policy; the size-distribution of oil and gas fields; the
rate at which discovered fields are developed; the avail-
ability, hence rental rate, of drilling rigs and specialized
equipment and manpower; and, in general, the economics of pe-
troleum development.

On the one hand the new province could contain a few
large or small oil or gas fields, although based on the dis-
cussion in the previous section, one can estimate roughly
the minimum-sized field that will be economically worthwhile
to develop under given conditions. On the other hand, of
course, Georges Bank could prove to be a prolific petroleum-
producing basin.

Available geological studies provide a wide range of
assessments of the potential petroleum resources of the At-
lantic Outer Continental Shelf.  See, e.g., Maher, 1971, p.
65; NPC, 1970, p. 100; Ahearn, 1973, pp. 9-10; U.S. Depart-
ment of Interior, 1974.! Estimates of potential petroleum
resources allow one to say with a good deal of confidence
that some petroleum will be found under the Atlantic OCS;
however, such estimates inspire little confidence as to how
much oil and gas is likely to be produced. In this connection
the oilman's cautious adage, "oil is where you find it,"
seems particularly relevant. Nonetheless, to gain some in-
sight into the likely regional economic effects of potential
petroleum production on Georges Bank we must assume to know
the unknowable. The two widely different major offshore
petroleum find hypotheses  table 1.1! allow conditional state-
ments of the form, "i.f this turns out to be the case, the
following is likely to be the effect," to be made. Infer-
ences then can be made about possible intermediate cases.

Hypothetical oil and gas production over time from a
Georges Bank petroleum province under the study low- and high-
find assumptions are indicated in figures 1.1 and 1.2. Other
and more detailed province results are given in appendix B.

For the purposes of estimating annual Georges Bank oil
and gas production, it is necessary to make a host of assump-
tions regarding the size � distribution of individual fields,
the rate at which fields are discovered, and the rate at
which discovered fields are developed. Obviously, any number
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of combinations of these assumptions is possible. For con-
venience, it is assumed here that in the low-price case each
oil field contains 200 million barrels of reserves and each
gas field contains one trillion cubic feet of gas.13 It is
further assumed thaC two oil fields and one gas field are
discovered each year until all potential fields on Georges
Bank are discovered for the high and low cases. Thus, in
the high-find case there are 25 oil and gas fields, while in
the low-find case Georges Bank would contain only four fields
 see table 1. I! .

Under the high-find assumptions, peak oil production from
offshore fields reaches about 219 million barrels some 15
years after the first lease sale. Gas production reaches an
annual maximum of 700 billion cubic feet about 16 years after
the first lease sale. If an initial lease sale were held in
1975, under the study assumptions peak Georges Bank produc-
tion would occur by about 1990 and all fields would cease
operation by 2010. On the other hand, under the low-find set
of assumptions oil and gas production would peak about eight
or nine years after an initial lease sale. Annual peak pro-
duction would be roughly 30 milIion barrels of oil and 148
billion cubic feet of gas. If an initial Georges Bank lease
sale were held in 1975, then maximum production could be
reached by about 1984, and offshore fields would be shut down
in 1998.

For perspective, the study assumptions regarding oil
and gas reserves and production from Georges Bank are com-
pared to the regional consumption of petroleum in 1972 in
table 1.1. The results thus provide an indication of the ex-
tent to which potential petroleum production on Georges Bank
could be expected to meet New England's energy demands, assum-
ing of course that Georges Bank production is marketed in
the region. Under the high � find scenario, for example, oil
production from Georges Bank amounts to roughly 50 percent of
New England'=- coc=umption of refined products in 1972. On
the other hand, tf only two oil fields are found, the low-find
case, the maximum annual production would be on the order of
30 million barrels per year, 6.6 percent of regional consump-
tion in 1972. Natural gas production from Georges Bank in
the high-find case would exceed by a wide margin New England' s
consumption of gas in 1972, 260 billion cubic feet. In the
low-find case, however, production from Georges Bank would
be less than the amount of gas consumed by the region in 1972.

Thus, if the high-find case considered for Georges Bank
turns out to be what in fact does happen, the region would
not be self-sufficient in terms of oil supply. Indeed, even
if Georges Bank should prove to be twice as prolific in terms
of oil production as indicated in the table, New England still
only would meet its 1972 demand. That is, even a six-billion
barrel province would not be adequate to make the region self-
sufficient in oil products when the peak production from
Georges Bank would be reached, some 20 years from the init.ial
lease sale,

On the other hand, the maximum annual gas production from



Georges Bank in the high case could be reached in 16 years
and could make the region self-sufficient in gas and possibly
an exporter. Whether or not this would prove to be the case
would depend on the marketing strategy applied to Georges Bank
gas production and the growth in regional demand for gas,
which in turn are related to how gas from potential Georges
Bank fields is priced relative to other sources of energy.
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Lease sale

Exploratozy drilling

Platform fabrication-
installation

Development drilling

Pipeline-terminal
system

Production

Support services

Well workovers

Field sbutdown

25201510

Years

Figure 2,1, Representative timing of major development and production activ-
ities for OCS petroleum fields.
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Table 2.1. Selected capital cost data used to evaluate poten-
tial Georges Bank offshore petroleum fields.

8 300,000

Letter from Mr. Griff C. Lee of J. Ray McDermott & Co.,
September 5, 1973. The approximate cost of an eight-pile
platform, in 180' of water  allowing for 70'-waves! for the
Gulf of Mexico is $2.0-2.5 million. This is rounded to $3 ~ 0
million to allow for possibly more difficult operating con-
ditions on Georges Bank.

b Information based on interviews with industry officials.
This is the approximate cost for two oceangoing tugboats to
tow a platform from the Gulf of Mexico to Georges Bank.

Based on an interview with industry officials.

dThis figure covers drilling rig costs and completion
costs, including electric logging, mud and casing, cement,
tubing, Christmas tree, etc., but not the costs of the plat-
form. Production costs are not included . See footnotes at
the end of this chapter for the derivation of the cost per
well.

Oil and gas wells at Sable Island, offshore Nova Scotia,
have been completed at over 8,000 feet. See, Ocean Oil Weekl
~Re * t VZZZ, Octche 8, 3973, p. 2. The 70,000'-weii depth
figure used in the text thus is intended to allow for deep oil
and gas pay zones in the Georges Bank area.

eSkim tank, flotation cell, and miscellaneous associated
equipment.

Cost per eight-pile platforma

Cost of transporting each platform

Installation cost per unitc

Living quarters with helioport

Cost per completed well  depth: 10,000'!

Water treating equipmente

Power generators

Flow lines between platforms

Other production, processing and
testing equipment

$3,0009000

$ 250,000

$ 250,000

5 100,000

$ 450,000

$ 50,000

8 200,000

S 250,000
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Footnotes

l. Increases in oil or gas prices are regarded as providing the incentive
to drill extension wells which add to recoverable reserves fram the field,
Th 2' 1d YYYY 1 t' 'ty 2 .21 1 th 1 -ho d ~dt* 1 t' 'tY
estimate used by Houthakker and Kennedy �974, p. 20!, and it is consid-
erably below the industry long-run supply elasticities that have been re-
ported by others.

2. An obvious implication of the new FPC pricing policies is that com-
panies developing law-cost fields may earn rents unless such returns are
transferred to the government as a result of the lease-bidding process.

3. A number of wells, particularly those planned for very substantial
water depths, may involve subsea completions.

4. A "field," of course, may include one or more distinct oil or gas
reservoirs.

5
8

< 15
25

1 c
5
8

15

0
   t-4! /4! cR
cR
  �5-t! /11] cR

Xt

subject to Zxt < R.

An industry rule of thumb is that peak annual production will be about
7 to 10 percent of recoverable reserves. Initially c is set equal to 10
percent and then iterated downward so that. the recoverable reserve con-
straint is met over the imposed 20-year production life of the field.

6. Joint Association Survey  JAS! dri11ing costs for dry holes and pro-
ducing wells are far more expensive offshore than onshore for the same
depth interval, since offshore wells are assigned a portion of the cost
of platforms and capital items peculiar to their operations. Capital
equipment costs for offshore development are accounted for separately in
this study so that an adjustment of the JAs statistics is required in or-
der ta arrive at a separate drilling cost per well. This is done below
where an intermediate, and perhaps conservative, or high, figure is de-
rived:

Calculation of per-foot costs of drilling dry holes and producing oil
wells, 10,000-12,499 feet.

Drillin Cost Per Foot
Adopted

Far Stud
All

wells
Offshore

WellsCate o

$35,00

$45.00

$23.56

$35.98

$50.36

$57.78

Dry Holes

Oil Wells
Source: American Petroleum Institute. 1971. Jolt Association Surve

of the U.S. Oil and Gas Praducin Indust . American Petroleum
Institute, Washington, D.C., pp, 10-11.

5. For a field with known reserves, R, at a given constant expected price,
and a four-year field development period, production at time t, xt, is de-
termined in the field model as follows:
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7. The cost of insuring against a $6 million loss is on the order of
$150,000  U.S. Department af the Interior, Bureau of Mines, Weaver, Pierce,
Jizik, 1972, p. 47!. The firm is assumed to insure less than the full
value of the field to take into account the depreciation in the value of
its facilities. The working assumption is that the firm acquires cover-
age for $12 million at a cost of $500,000 per year.

8, This figure is based an a crew size of about 35 men working during
the field develOpment phaSe, Crews work 12 hours per day on a 7 dayS On-
7 days off schedule. Two crews are on the platform at all times, and
there is a total of 4 crews. The productiOn phase of offshore petroleum
operations is highly automated; hence, the $90,000 figure for wages, and
the related expenses, are high estimates.

9 Cax and wright �973, pp. 12-15! have estimated that the  average!
"neutrality" tax burden on a sample of 18 of the largest oil companies in
1970 was 14.7 percent. This figure was calculated by drvidrng the total
tax due on U,S. income by the companies in 1970 by their approximate
total domestic net income for that year. The authors paint out, however,
that an alternative calculation � with which they disagree -- based on
a cash flaw rather than an accrual approach  which includes taxes paid
in 1970 but assessed in prior years! increases the tax rate to 21.8 percent,

The 14.7 percent tax rate appears to be the more accurate measure of
 " neutral" ! tax burden or. ail industry net incame in 1970. The rate, of
course, xs an average rate and may not apply to the returns from additional
znvestrsents. The 25 percent effective rate used in this study, while nec-
essarily somewhat arbitrary, appears ta be reasonable in light of the Cox
and wright estimates.

10. The FPC concludes that allowable rates of return from 12 to 15 percent
are in the "zone of reasonableness," although it adopted a 15 percent
rate of return in its decision  U.S., FPC, 1974, p. 61!.

11. In the absence of perfect competition in the biddrng for leases, bid-
ding strategies became a paramount concern for rational firms  see, e.g.,
Brown, 1969!, Alternative leasing arrangements, e.g., royalty rate bid-
dzng with a flat, moderate cash bonus reduces front end capital needs,
hence company risk. Such leasing schemes may encourage more companies
ta compete for offshore blocks although even with minimal bonus payments
exploration and field development costs can be major, Such arrangements,
however, affect the marginal conditions of field operation and could lead
to earlier field shutdown. A number of alternative leasing arrangements
are available,

12. As noted earlier the model underlying the results summarized above
does not have optimization features. Consequently, the results in the
text must be regarded as very crude measures of the effects of changes in
the selected economic parameters on the otfshare field results.

13. The assumption that all oil fields and all gas fields are identical,
while convenient, suffers fram several shortcomings. This assumption im-
plies that increments to offshore oil and gas production are available at
constant costs. Even if fields are identical with respect to all impor-
tant geological and technical parameters, one still would expect that
additional fields could be developed at declining unit costs because of
potential scale economies from spreading the cost of onshore facilities
over more than one field; from crew-supply transportation; from inspec-
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tion, operating and maintenance activities; and especially from common
user pipeline systems to transport to shore oil or gas from more than one
field.

In reality, however, fields in the province would follow a size-dis-
tribution, be at different water and pay depths, be dzfferent distances
from shore, etc. A standard upward sloping supply curve for the province
then could be constructed by plotting output against incremental develop-
ment and lifting costs for individual reservoirs or wells  Bradley, 1967,
pp. 26-27!. The marginal field would be that field which it will just pay
to develop, given costs, the prevailing and expected price, etc.
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3. POTENTIAL OFFSHORE PETROLEUM AND REF INERY INVESTMENT

The investment associated with developing of fshore pe-
troleum fields and constructing refineries will generate in-
come in New England to the extent that otherwise unemployed
regional resources are used or resources are attracted into
the region as a result of the projects.

The purpose of this chapter is to provide estimates of
the kinds of investment that could accompany the development
of Georges Bank petroleum fields and the construction of one
or more petroleum refineries. The results generated in this
chapter will be used in chapter 4 as input into an economic
model of the region to estimate the direct and secondary ef-
fects on New England of alternative petroleum developments.

Direct Investment Demands Associated with Potential Offshore
Petroleum Develo ment

The development of offshore oil and gas fields involves
substantial capital costs. This section provides a brief re-
view of the major capital costs associated with potential
Georges Bank petroleum development, and judgments are made re-
garding the extent to which offshore-related investment may
take place in New England.

Platforms. An eight-pile permanent production platform
for Georges Bank, designed for 180 feet of water, could in-
volve an investment of $3.5 million, installed. The low-find
offshore scenario for this study involves four fields and 18
platforms; under the high-find assumptions there are 25 fields
and as many as 11.5 platforms. Platform investment, therefore,
could range from about $63 to $400 million. Estimates like
these necessarily are very crude. The number of platforms
for each scenario may be less since the production of oil and
gas from different fields substantial distances offshore will,
as in the North Sea and in the Gulf of Mexico, be shipped via
common carrier pipelines, so that each field may not have an
interim pumping or compressor station platform. Fewer, larger
platforms may he used; and larger platforms, or platforms de-
signed for fields located in the substantial water depths
alang the eastern edge of Georges Bank, could cost considerably
more than $3.5 million. It is possible, moreover, that the
use of subsea completions in deep waters will reduce the num-
ber of platforms used in Georges Bank production.

It is not evident that substantial platform investment
for Georges Bank will take place in New England, particularly
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for the development of initial fields. Platforms for Georges
Bank could be towed from the Gulf of Mexico or from facili-
ties located elsewhere along the East Coast. Platform fabri-
cation activity has been centered in the Gulf is large yards
like that operated by J. Ray McDermott s Company in Morgan
City, Louisiana, and Gulf Coast shipyard costs have been esti-
mated to be about 4.1 percent lower than those at yards on
the East Coast  U.S. Maritime Administration, 1972, p. 30!.
If this figure is accurate, a $3-million platform in the Gulf
would cost $123,000 more an the East Coast, This amount is
less than the $250,000 cost of towing a platform from the
Gulf; however, there does not appear to be a clear net eco-
nomic advantage to manufacturing OCS platforms in New Eng-
land when allowance is made for considerably higher energy
costs in the Northeast, periodic yard shutdowns for extreme
weather, possible "learning" and other investment costs in-
volved with the initial construction of platforms, and, fi-
nally, platform transport costs from a regional fabrication
site.

On the other hand, a major increase in the amount of
OCS area leased for petroleum development -- if it leads ta bottle-
neck problems and rising costs at existing platform fabrica-
tion yards � � might provide an incentive to construct offshore
platforms for Georges Bank in New England. The assumption
used in this study is that over the life of a Georges Bank
petroleum province one-half of the investment in offshore plat-
forms will be made within New England. This may be a gener-
ous estimate.

Drillis Ri s and Crew Su 1 Vessels, Unlike permanent
production platforms, drilling rigs are designed to be mobile.
No drilling rigs have been constructed in New England ship-
yards to date; and based on a recent survey of mobile rigs
under construction, none currently is being fabricated in
the region, despite an explosive rate of growth in offshore

1974!. Drilling rigs may be constructed in New England in
the future, but this activity will depend on a number of fac-
tors -- e. g., drilling activity along the entire Atlantic OCS
and in foreign waters, the availability and rental rate for
rigs, comparative shipyard costs across regions, capacity
constraints in shipyards from region to region, etc. -- in
addition ta developments on Georges Bank. No attempt. is made
here to assess such factors, and the assumption in this study
is that the development of Georges Bank does not lead to con-
struction of drilling rigs in the region.

New England could also become involved in the construc-
tion of crew boats and supply-utility vessels as a result of
the development of Georges Bank. Blount Marine in Rhode Island,
for example, has constructed offshore supply vessels intended
for use in areas outside New England. Conceivably a moderate
amount of investment in crew-supply vessels could take place
in the region. However, as noted in the brief discussian of
drilling rigs, a number of factors in addition ta petroleum
development on Georges Bank will explain this activity. Na



evaluation of the investment-locational factors relating to
potential crew-supply vessel investment is made in this report,
and it is assumed that Georges Bank development does not lead
to any investment of this type in the region.

Regional ship and boat yards almost certainly will be
used for investment activities like vessel repair and mainte-
nance and to outfit old trawlers for use in supporting Georges
Bank operations, e.g., for standby safety vessels for offshore
rigs. However, the investment in vessel repair and conver-
sion will be insignificant compared with that associated with
other petroleum activities, and it is not considered in this
study.

Other Investment Activities. The investment in submarine
oil and gas transportation systems is one of the largest single
potential capital costs in the development of Gearges Bank
oil and gas fields. The major components of capital costs
for pipeline for sample Georges Bank oil and gas fields are
indicated in table 3.1. These figures exclude the other ele-
ments of a transportation system, onshore storage and gas
plants and interim offshore platforms, which are discussed
elsewhere.

Pipelaying services, the major capital component of an
oil or gas offshore transportation system, take place from
mobile, highly specialized lay and derrick barges. Contracts
for these services will go to firms based outside New Eng-
land, like Brown and Root. On the other hand, pipeline pre-
paration, the coating of pipelines with a granite � aggregate
co~crete, probably would take place within the region and use
New England labor.

Relative to the other field development capital costs,
the investment in pumps and compressor units used for gather-
ing and shipping oil and gas is small. For example, pumping
equipment for a hypothetical 225-million barrel oil field
would be on the order of $1.7 million, and compressor units
for a one-trillion cubic feet gas field would be roughly $1.9
million. A portion of the investment activity associated
with the manufacture of pumps and compressors may accrue to
New England-based firms. In generating the impact results,
it is assumed that one-half of this investment demand will
take place in the region.

The capital costs to store the production from a 225-
million barrel field onshore would be over $3 million, and
the investment required to construct an onshore gas plant
capable of handling the daily production from a nonassociated
gas field with one trillion cubic feet of recoverable re-
serves would be on the order of $6.5 million. Onshore stor-
age and gas processing investment may be comprised, roughly,
of half materials and equipment cost and half labor. Steel
materials are necessarily imports to the region; companies
like Chicago Bridge and Iron specialize in the design and
construction of onshore storage facilities. On � site labor
requirements are likely to be met from the region's labor
force, however.
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In addition to the activities described above, onshore
facilities will be needed to support offshore exploration and
development activities. Depending on the size of a company's
offshore operations, a single supply base could invo1ve ten
to twenty shorefront acres, and could contain one or perhaps
two moderate-sized �5,000-20,000 square feet! warehouses and
a small, relatively simple structure for office space. Pier
facilities would be needed for two to three 180-foot crew-
supply vessels. A larger facility, such as the Phillips Pe-
troleum base in Stavanger, Norway, which is principally used
to oversee development of the giant, one-billion barrel Zkofisk
complex, could cover 75 acres and involve the construction of
office space for about 100 professional and supporting staff
during field development activities. Seven supply boats op-
erate out of the Phillips' Stavanger base in addition to sup-
ply boats and barges out of Aberdeen, Scotland. A major cen-
ter like Aberdeen will contain supply bases and facilities for
a number of companies and may serve as a transportation cen-
ter and headquarters in support of offshore operations.

In short, should Georges Bank prove to be an important
petroleum producing province, there will be demands for marine
transport facilities, warehousing and storage areas, office
space, ground and air transportation and social services in
strategically located coastal areas of New England. Depend-
ing on the capacity of such areas tc meet these additional
demands with existing capital, there could be subsequent in-
vestment in pier facilities and harbor improvement, roads,
air facilities for expanded commercial traffic and helicopter
flights, and perhaps other public services such as expanded
municipal sewerage and water supply systems, schools, housing
and fire and police services.3 Major capital costs have been
incurred in northeast Scotland for highways, port improvement
and other infrastructure items in support of oil and gas op-
erations in the North Sea  Scottish Office, 1973! . This study,
however, is not intended to address the set of micro-questions
involved with assessing the detailed possible future demands
for public and private services and investments of the sort
mentioned above, and no attempt is made to include these activ-
ities in the impact estimates generated in the next chapter.

A Summar of Possible Offshore Petroleum-Related Invest-
ment Demands. A summary of the major capital costs associated
with the development of oil and nonassociated gas fields af
our example on Georges Bank is contained in table 3.2. The
figures considered here include development capital costs and
do not include cash bo~us payments made by firms to acquire
the offshore blocks.

The total investment to develop the gas field is on the
order of $79 million, and the oil field involves a total in-
vestment of about $90 million � 1973!. The major components
of total investment for the oil field are for we11 drilling
and exploration  $29 million! and a pipeline transportation
system  $28 million!. Next most significant is offshore plat-
forms  $16 million! . For the gas field, on the other hand,
the investment in pipeline transportation  $53 million! by
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far exceeds the investment in well drilling  $15 million! or
platforms  $12. 5 million! .

The low-find assumption for this study involves two oil
fields and two gas fields, and the high-find case assumes that
Georges Bank contains 15 oil fields and ten gas fields. This
information, together with the capital cost estimates for
developing the fields in table 3.2, provides a basis for ob-
taining usable estimates of the total capital costs associated
with the potential development of Georges Bank.

Total estimated investment, by major category, associated
with the buildup of a hypothetical Georges Bank petroleum
basin is presented in table 3.3 for the low-find case, and
in 3.4 for the high-find case. It is evident from a review
of the data contained in these tables that, despite a possible
30- to 40-year life of a productive new petroleum basin, the
vast amount of investment-related activity associated with
the development of offshore fields will take place over a com-
paratively short period. The major portion of development-
related activity occurs within the nine years following the
initial lease sale in the high-find case and over a shorter
period in the low-find case. The results assume substantial
Georges Bank acreages are opened for bidding, and fields are
discovered in approximately the fashion hypothesized in chap-
ter 2. Should an initial sale for Georges Bank be held in
1975, then one could expect, very roughly, the amount of an-
nual investment demands indicated in table 3.4 would take
place prior to 1990 and be concentrated in the period 1977-
1985.

In general, the on-site labor component for each field
development investment category is assumed to involve a sub-
stantial use of regional labor over the life of Georges Bank
fields, although initially occupations requiring extensive
industry-specific training -- for example, drilling foremen
on offshore platforms -- will use imported labor. The only
exception is for the on-site labor for laying submarine pipe-
lines. Pipelaying barge crews, given the relatively short-
run nature of individual projects, primarily will be comprised
of non-regional labor.

Potential Refiner Activit Within New En land

Except for a very small �,500 B/D! asphalt refinery in
East Providence, Rhode Island, there are no refineries in New
England. Indeed, in the major U.S. coastal petroleum market
extending from Sandy Hook in northeastern New Jersey, through
Maine, there are only three major refineries, all in north-
eastern New Jersey. Together these refineries have a total
capacity of 412,500 B/D, and can produce 169,400 B/D of gaso-
line, approximately 3.l percent of the total U.S. refining
capacity and 2.5 percent of U.S. gasoline refining capacity
 table 3. 5! .

Several interrelated factors account for the economic in-
centive to locate refineries within New England. These include
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 l.! the absence of refinery capacity within the region and
the lack of refinery capacity within the North Atlantic states
as a whole; �.! national energy policy initiatives which
have as a goal substantial U.S. self-sufficiency in refinery
activity through the removal of the quantitative restrictions
on crude imports, the imposition of import fees on refined
products, and the exemption of new refinery capacity from the
"license fee" on crude oil imports for a period of five years;
�.! an increasing reliance on oil imported from the Middle
East; and �.! potential production from the Atlantic OCS.

The investment cost of a grassroots refinery will depend
on the planned capacity of the refinery, the planned product
mix or "end products" and the characteristics of the crude
oil to be processed. In general., refineries are characterized
by important scale economies in process unit and ship unload-
ing activities, and perhaps in such areas as the overhead
work force and maintenance functions associated with partic-
ular refinery operations  Scherer, L974, p. 18!.

The industry trend has been toward constructing larger
refinery units and refineries and enlarging or shutting 'down
smaller refineries. Scherer, for example, has noted recently
that significant scale economies in refinery activity per-
sist to a capacity of at least 200,000 B/D for l965-vintage
refineries, and more recent technological advances may permit
refineries to operate with decreasing unit costs considerably
beyond that capacity  Scherer, l974, p. l8!. It is likely,
therefore, that new refineries with a throughput capacity be-
low this figure will be the exception rather than the rule.
In fact, refineries recently proposed for New England have
planned capacities of at least 200,000 B/D, although a small
�5,000 B/D! specialized refinery was proposed for Tiverton,

Rhode Island, in l970. In the discussion below, attention
is restricted to hypothetical refineries with a 250,000 B/D
capacity.

The planned mix of refinery end products, given the ca-
pacity, will affect the amount of investment because of the
specialized processing activities required for particular
products. Gasoline production, for example, requires very
large reformers and polymerization units, and a specializa-
tion in gasoline productio~ thus would involve considerably
more investment than a specialization in, say, heating oil.

The planned refinery product mix, given the capacity of
the various processing units, depends on the joint-product
nature of the refining process and the relative prices of re-
fined petroleum products. For example, a decrease in the
price of gasoline relative to other petroleum products could
create, ignoring inventories, an incentive for refinery opera-
tors to schedule the production of less gasoline and more
distillates and jet fuel  Griffin, 1972, p. 54!. The actual
trend in refinery output has been toward higher yields of gas-
oline and jet fuels and lower yields of mid- and lower dis-
tillates, particularly residual oil. It is doubtful this
trend will continue in light of recent dramatic developments
in the world petroleum market and in U.S. energy policy.



Refineries tend to produce proportionately more gasoline
during the spring and early summer months and relatively more
heating oil during the fall and early winter. In general,
however, East Coast refineries produce a higher yield of gas-
oline and distillate fuel oil and a lower yield of jet fuel
than U.S. refineries in total  table 3.6! . In contrast, the
major petroleum product consumed in New England and the North
Atlantic states -- New Jersey through Maine -- is residual
fuel oil, which is primarily used by electric generating
plants. Gasoline and distillate oil are, in order, the next
most important products consumed in the region, boost of the
residual fuel consumed in New England has been imported via
refineries in Puerto Rico and the Virgin Islands.

The hypothetical New England refineries discussed below
are assumed to produce, as seems likely, a full mix of re-
fined products, possibly including some petrochemical feed-
stocks. The approximate percent yield of potential refineries
is taken to be the following: gasoline, 35; distillate and
gas oil, 30; residual fuel oil, 25; kerosene and jet fuel,
3; other, 7.

Thus, in view of the nature of the regional petroleum
market and a national policy which encourages self-sufficiency
in refinery capacity, hypothetical New England refineries are
expected to produce a substantially higher yield of residual
fuel oil than the current average for East Coast or U.S. re-
fineries. New England refineries also may produce proportion-
ately more distillate fuel oil and less gasoline than the
current average refinery mix. The annual value of output from
a 250,000 B/D refinery with the assumed above product mix
would be on the order of $375 million at the refinery in 1969
product prices.

Storage costs are a major element of refinery investment.
The average U.S. refinery in 1973, for example, had a storage
capacity of 69 days of production, and storage investment
costs for large tanks can range from $2 to $7 per barrel  Nel-
son, 1972, p. 173; 1973, p. 88!. Other things being equal<
the larger the refinery and the larger the number of end prod-
ucts that axe produced  hence stored!, the larger the amount
of investment in storage capacity. Investment in storage
capacity also will depend on the crude and product transpor-
tation system. For example, because of the periodic nature
of vessel deliveries and shipments, a refinery operating on
a tanker/barge system will use more storage capacity than a
refinery with the same capacity and product mix but which is
tied into a pipeline for crude delivery and/or product dis-
tribution. In fact, refineries tied into a pipeline system
for both crude supplies and product distribution can essen-
tially "run on stream"; that is, they will use vex'y little
storage capacity.

Based on an estimate by the National Petroleum Council
�971, p. 68!, the avexage per-barrel cost of new refinery
capacity is on the order of $1,800  $ 1970!. A hypotheti-
cal 250,000 B/D refinery thus would mean an investment of
$450 million. This figure, however, is a gross average in



that it ignores regional differences in construction wage
rates and environmental constraints, and it abstracts from the
transportation, storage, and produce mix decisions facing any
particular refinery. New England refineries likely would be
more costly than the average for several reasons: �.! higher
labor costs; �.! possible storage capacity needs due to the
number of products produced and the use of tankers/barges for
delivering crude and distributing refined products; �.! the
cost of a deepwater terminal; �,! the greater complexity of a re-
gional refinery compared to the average new U.S. refinery; and
�.! stringent environmental standards, As a result of these
reasons, a 250,000 B/D New England refinery could involve an
investment cost in excess of $450 million, and in this study
a figure of $475 million is used as a reasonable estimate of
the cost of a refinery,

Qn the basis of rough estimates by industry officials
 Moore, letter, 1972!, one-half of refinery investment cost
is for construction  direct labor, supervision, contractor,
and engineering fees; materials handling equipment, concrete,
etc.! and the remaining investment is for refinery equipment
and processing units  towers, reactors, pumps, heat exchanges,
piping and electrical systems, etc!. With the exception of
engineering design work and some contract fees, which may be
for work done outside the region, the construction phase of
the refinery can be expected to draw substantially on the
region's labor force for welders, pipefitters, electricians,
general laborers and the like. Perhaps as much as 80 percent
of this component will involve New England labor, The major
non-1.abor interactions of refinery construction activity with
the regional economy would be via inputs from several sectors
 table 3.7!.

Two petroleum refinery hypotheses are considered. The
low case is based on the assumption that one petroleum re-
finery is located in New England, while the high refinery case is
based on three. A single 250,000 B/D refinery operating the
equivalent of 350 days a year has an annual output of 87
million barrels. This is far more than adequate to handle the
low-find oil case examined in chapter 2, which involves a
maximum annual production of about 30 to 33 million barrels.
The total annual throughput capacity of 262 million barrels
with three, 250,000 B/D refineries is sufficient to handle
the high-find scenario in which the maximum annual produc-
tion is 219 to 247 million barrels  see table 1.1 and appen-
dix B!. However, three 250,000 B/D refineries would have an
annual output equivalent to only slightly more than 50 percent
of New England's total consumption of petroleum products in
1972. Thus assuming all the production from the refineries
was distributed to regional markets, New England still would
import considerably over one-half of its petroleum demands
from other areas.

Three sample New England refinery locations have been
selected based primarily on past or present industry interest
in these areas as potential sites. These are Bristol County,
MaSSaChusettS; NewpOrt County, RhOde ISland; and Waehington
County, Maine  see map!.



In selecting the refinery sites, the word "sample" is
emphasized in that a number of additional areas have been
proposed as potential locations for refineries, and local,
state and regional economic and environmental considerations
may preclude the location of a refinery in any or all of the
sites used for this report. The representative refinery sites
thus can best be regarded as indicative of what some of the
consequences of refinery activity could be in areas similar
to them.



North Atlantsc coastal counties,
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Table 3.l. Major components of pipeline capital costs for example
Georges Bank offshore oil and qas fields  $ millions 1973! ~

Gas Field
Reserves=1,05X10

Oil Field
Reserves=225X10

1,66Pump Station Equipment.

Compressor Station Equipment 1.87

$54,62$29.48TOTAL

a Excluding onshore oil storage and gas processing facilities
and interim pla.tforms for pumping a.nd compressor equipment.

bSee appendix A, tables A.2 and A.5 for the techni-
cal and economic assumptions underlying the above cost estimates.

Pipeline Costs
Pipe Material
Pipe Coating
Pipe Laying

$ 6.48
2.06

19.28

$16.16
4.91

81,68



Table 3.2. Possible development capital costs for example Georges
Bank oil and gas fields  $ millions 1973! .

Oil Field Nonassociated
 Reserves: Gas Field  Reserves:
225 mill. bbls.! 1.05 trill. cu.ft.!Cate or

Platforms $16, 0 $12.5

52.828.0

29,0 15.0

3.3

1,7

$79 $90

Source: Based on the results generated in chapter 2 and
appendix. A.

Includes field platforms and interim pumping or compressor
station platform.

b Pipeline material, coating and laying costs.

Includes $1 million for exploration work, the cost of
drilling and equipping all wells and the cost of the estimated
number of dry holes during development drilling.

Allows for onshore storage of 14 days of field
production.

Pipeline

Weil drilling and exploration
c

d
Onshore storage terminals

Gas processing plant

Pumps and compressors

Other machinery

TOTALS

6.5

1.9

.9
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Plat-
forms

1-2 $ 0 $0 $0 $0 5 0

2.7 108.8 86.0244.5 5. 19

21.512.5 1.87 52.8

7.06 3.6 161.6 107.52Total 57.0

All investment for each field is assumed to take place three
years after the lease sale.

Includes onshore oil storage and gas processing facilities a.nd
well drilling and exploration investment.

Table 3.3. Estimated annual total investment, by major category, to
develop hypothetical Georges Sank oil and gas fields under low-find
assumptions  $ millions 1973!.

K ui ment
Pumps and

Years Compressors
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$0 $0$0$0 $0

108.8 86. 02

80.8 52.76

2.73 � 9 5.1944.5

1.83.5328.510

21,552. 8

948, 0

11-12

Total

12.5

365.0

.9

22.5

1.87

43.60 697 ' 90

aAll investment for each field is assumed to take place three
years after the lease sale.

b Includes onshore oil stoa age and gas processing facilities and
well drilling and exploration investment.

Table 3.4. Estimated annual
develop hypothetical Georges
find assumptions  $ mi'1>'nwc

E ui ment
Pumps an.d

Com ressors

total investment, by major category, to
Bank oil and gas fields under high-
1973! .a

Ot er Pipe- other
machiner lines Construct.' on
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Table 3.5. Capacity of petroleum refineries in the Northeast,
January, 1973  measured in barrels per calendar day!.

Other
Charact.Area

13,454,471 6,722,108United Sta tes

169,400North Atlantic 412,500

Northeastern New Jersey

32,000

Linden Exxon Co,

Rhode Island

7,500 AsphaltEast Provid. Mobil Oil Co.

U.S., Department of The Interior, Bureau of Mines, Mineral
Surve , July 24, 1973, pp. 3,8,10.

Source:
Industr

a Operating capacity.

Port Reading Almerada Hess Corp.

Perth Amboy Chevron Oil Co,

70,000

80,000

255,000

21, 500 Asphalt

115,900 Asphalt
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Table 3.6. Percent yield of major refinery products for the East
Coast and the United States, April, 1973, and December, 1972.

Percent Yield
East Coast Unrte States

Aprrl Dece er Apri Dece er
1973 1972 1973 1972

Gasoline
a

Special Nap tha s

Kerosine

Distillate Fuel Oil

Residual Fuel Oil

Jet Fuel

Other

47.5 44.646.749.6

~ 7

1.8 2.31.0

23.620.727.823.0

7.2 9.07.17.8

6.52.3 7.32.9

13.314.2 15.615.7

100,100. 100. 100.

aBased on total gas output minus input of natural gas liquids and
other hydrocarbons.

Source: U.S., Department of The Interior, Bureau of Mines, Mineral
Industr Su~e , July 20, 1973, p. 9, and March 16, 1973, p. 9.
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Supplying
Sector Amount

$170Heating, plumbing and structural metals

Stone and clay products

Business services

Transportation

Idaterials handling equipment

120

78

66

40

Source: Based on 1967 national input-output coef f icient data
provided by Curtis Harris.

Table 3.7. Five major non-labor inputs per $1,000 of refinery
 general industrial! construction activity.



57

Footnotes

1. Comparisons like those made by the Maritime Administration assume con-
stant-cost conditions. Differences in supply responses from region to
region make such comparisons tenuous in the long run.

2. Based on the estimates made in Appendix A.

3. In addition, based on a conversation with a regional gas company of-
ficial, a major expansion in gas supplies to the metropolitan Boston area
could require the laying of an additional pipeline and!or the expansion
of the existing Algonquin-Tennessee supply system.

4. No attempt is made in this study to estimate the costs of onshore in-
vestment associated with or induced by offshore operations. However, the
regional model used to generate impact results does allow for some in-
duced effects on investment of changes in economic activi.ty in an area.
See Chapter 4.

5. Conversation with C.J. Wilson.
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4. THE REGIONAL ECONOMIC CONSEQUENCES OF POTENTIAL PETROLEUM
DEVELOPMENTS

The major features of the regional economic model used
in this study, the specific petroleum cases to be evaluated
with the model, and the assumptions and data used are dis-
cussed. The selected results for the entire region and for
an example coastal area in southeastern New England are sum-
marized.

The Re ional Model

The economic model
gional economic impacts
University of Maryland.
elsewhere  Harris, 1970,
lined here.

used in this study to estimate re-
was developed by Curtis Harris at the

Described in considerable detail
1972, 1973!, it is only briefly out�

The Harris model, hereafter referred to simply as the
regional model, is a multi-regional, multi-industry forecast-
ing model. It makes use of input-output relationships to
capture linkages among industries in the region, but it is
not an input-output model. Autonomous changes in the com-
ponents of final demand, e.g., business investment or govern-
ment expenditures, or production as the result of the loca-
tion of a new industry in a region, affect the output of re-
gional industries based on national inter � industry coeffi-
cients. Changes in the demand for the output of regional in-
dustries lead to changes in regional payrolls and income,
and to changes in the demand for retail trade and services.
Induced changes in investment are also permitted in the model.
For example, it is hypothesized that i~creases in industry
output lead to additional investment in equipment, and in-
creases in area personal income induce new construction for
residences and public facilities.

Essentially, the logic of the model forecasts is as
follows. Ths regional model finds the output uf industries
in a region, based on the existing str~cture of the area
economy and on the economic theory explaining the location
of industries. Estimates of employment, population, and earn-

The regional economic impacts estimated in this chapter
are measured by the difference in selected indicators of re-
gional economic activity assuming Georges Bank development of
one or more refineries as compared to a base case which as-
sumes no petroleum developments. The results generated in
this chapter provide some indication of how the economy of
New England could be expected to differ as a result of primary
and secondary impacts of petroleum development.
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ings and personal income are derived next. Using the fore-
casts of employment earnings, income, and output, final de-
mand sectors are forecast for personal consumption, govern-
ment expenditures, investment and other categories. The
model forecast for year t + 1 depends on the values of supply
and demand data for year t; the forecast for year t + 2 sim-
ilarly depends on year t + l, etc.

The Harris model has properties that make it useful for
undertaking long-run, regional-impact analyses. First, unlike
many regional models, one can examine the effects of locating
one or more new industries in a region. This property of the
model makes it possible to estimate the impact on New Eng-
land of new activities like offshore petroleum development
and petroleum refinery operations, Second, the model attempts
to capture the extent to which the growth in one industry
may attract new activities or expand the output in existing
industries, or the extent to which the location of one or
more new activities may lead to a decline in some other activ-
ities because of a competition for resources.

A third property of the regional model is that it pro-
vides consistent results in two senses. First, national con-
trol totals can be established for employment and other economic
variables in total and by industry. The regional model then
allocates shares of the national values to geographic areas
based on the historic structure of the area economy and esti-
mated economic relationships. This procedure ensures that
forecasts for the industries in an area are not independent
of expected national and regional trends. Without this check
there is always the risk that local analysts, operating from
a narrow perspective, may misinterpret trends in the national
economy and may be overly optimistic or pessimistic about the
likely future position of local industries. Second, the model
allows for consistent analysis from the point of view that
the results of all the impact cases studied reflect the same
assumptions regarding the economic behavioral relations in
the model. Thus, there is a basis for a systematic compari-
son in evaluating, say, the regional economic consequences of
petroleum refineries located in two areas because the assump-
tiOns and methodology are the same for both cases. This is
an advantage when studying alternative development strategies
from a regional or a national point of view,

A lication of the Hodel to Geor es Bank Develo ment

Petroleum Cases Examined. Six runs are made with
the regional model. Two of the runs provide the base case,
no-petroleum-development forecast for New England. One base-
case run uses the low petroleum price assumption, and the
second uses the high assumption. The four petroleum cases
are designed to indicate the effects of the low- and high-
find scenarios with either low or high oil and gas prices
and with control of Georges Bank by the federal government.
The petroleum cases studied also provide an estimate of the
impact on the region as a result of the location of no, one
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or three petroleum refineries  see table 1.2!, As mentioned
previously, four state control cases were run with the re-
gional model; but in view of the Supreme Court decision up-
holding federal control over Georges Bank, these cases were
not developed in the text-

The economic impact of each petroleum case is measured
by the model results using the indicated petroleum alternative
less the appropriate  high or low price! base-case forecast.2
The data and assumptions used to apply the regional model are
explained in the following sections.

S ecification of Investment. For each new or imposed in-
dustrial activity considered, investment is estimated for
each year, by major category, e.g., offshore platforms, on-
shore storage facilities or refinery investment. The invest-
ment estimates serve two purposes. First, they provide an
estimate of the capital used by industry in production activ-
ities. Second, they provide the basis for estimating the po-
tential income effects on New England from the autonomous in-
vestment demand taking place in the region.

Once the total investment demands have been estimated
by broad category and by year, the region's share is allocated
to the corresponding sectors of the regional model, Of course,
a fraction of each "round" of all respending effects will
"leak" from the region, and the smaller the area for which
economic impacts are measured, the more significant such
leakages will be, and, the smaller the secondary effects with-
in the area.

A 250,000 B/D refinery for New England, it was estimated
earlier, will involve an investment of about $475 million.
Construction of the refinery is taken to begin in l977. and
the refinery comes on stream during the third year after the
initiation of construction, in L979. The total capital costs
over time, by major category, for Georges Bank offshore oil
and gas field development were discussed in detail in chapter
3. The init.ial offshore lease sale is assumed to take place
in l975, and for convenience in generating the regional im-
pact estimates, all development costs for individual fields
are assumed to take place during the third year after a block
is leased. The field development costs for a block leased
in 1975 then are assumed to take place in L977, the develop-
ment investment for a block leased in l976 occurs in 1978, etc.

The petroleum-related investment demands assumed to take
place in New England are indicated in tables 4.1 and 4.2.
Table 4.l is based on the judgmental considerations discussed
earlier, 3 and it contains the fraction of each equipment  non-
labor! category of total petroleum-related investment that
is taken to be an increase in output of the regional economy.
For example, 50 percent of the investment in production plat-
forms for Georges Bank is assumed to be produced in New Eng-
land. For petroleum refineries in New England, only ten per-
cent of the non-labor investment is regarded as an increase
in output of New England firms,
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The estimated value of investment demand originating in
New England is indicated in table 4.2. The figures in this
table represent the share of the total investment to develop
Georges Bank fields and construct one or more refineries.

Offshore Oil and Gas Production and Refiner Out ut. In
order to estimate the regional economic effects of the intro-
duction of one or more new industries, their annual output
levels must be specified. The input � output relations in the
model then provide an estimate of the linkages of the output
of the new industries with other sectors of the area economy.

The estimated oil and gas production from Georges Bank
under the low-find and high-find assumptions are based on the
results in chapter 2 and appendix B. Production from the
first oil and gas fields is assumed to begin in year 5, so
that if a lease sale were held in 1975, initial production
would begin in 1979.

Oil and gas from offshore fields are assumed to be landed
in Bristol County, Massachusetts. This county was selected
because use of the model requires that activity be assigned
to a county, and Bristol County, given its location, is at
least as reasonable a terminus for oil and gas pipelines as
any other county. However, in order to determine the possible
distribution of economic activity from offshore development
and production among regional ports, offshore petroleum pro-
duction in the model is assigned to three sample counties
in southeastern New England: Bristol County, Massachusetts,
50 percent; Suffolk County, Massachusetts, 25 percent; and
Washington County, Rhode Island, 25 percent-

Washington County and Bristol County are designated as
potential support areas because of their relative proximity
to potential offshore fields and the seeming suitability of
existing facilities  Davisville, Rhode Island, and New Bed-
ford, Massachusetts!, with locational criteria for offshore
supply operations. Suffolk County, Massachusetts, is in-
cluded because of its location in relation to Georges Bank
and because of Boston's role as a commercial, transportation
and marine-service industry center.

Each refinery, consistent with the regional pattern of
demand for petroleum products, produces the slate of end-
products discussed in chapter 3. The refinery begins produc-
tion in 1979, and the annual value of output of each refinery,
in 1971 prices, is $396 million.

Estimation of Potential Public Revenues. The public
revenues associated with the new activities must be estimated
and then distributed in the model to reflect increased public
expenditures  federal or state and local government! and/or
reduced taxes with their accompanying increased consumer de-
mand or savings.

The estimates of public revenues considered here include:
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�.! royalty payments on the production of oil and gas, �,!
cash bonus payments to acquire blocks on Georges Bank and
�.! property taxes on potential refineries and onshore
facilities associated with offshore operations. The assump-
tions used to calculate and distribute the potential public
revenues from Georges Bank petroleum and refinery development
are discussed below and summarized in table 4.3.

No estimate is made of tax receipts from payrolls as a
result of petroleum-related developments, since taxes on
residents are a transfer and not an addition to total regional
income.  Such revenues, however, may be of interest for
public budgeting purposes for individual states.! Income
tax revenue from non-residents would represent an addition
to regional income, but a portion of the income earned by
non-residents will be received by workers only temporarily
in the region and possibly not within the taxing jurisdiction
of New England states. Excluding possible income taxes re-
ceived from non-residents may underestimate the income gain
to the region; however, it is likely that taxes on income
ear~ed by non-residents will be roughly offset by additional
public services, so that the net effect of ignoring income
taxes on non-New Englanders is minimal.

Royalty payments are calculated at the rate of one-sixth
the estimated wellhead value of Georges Bank oil and gas pro-
duction. Royalty and cash bonus payments are based on the
offshore field simulation results described in chapter 2, and
it is assumed here that the winning firm bids the full after-
tax, expected present value of the block. On this basis, the
highest winning bid on the sample oil field would be on the
order of $92 million at a low price of $6/bbl and $195 mil-
lion at a landed price of $9/bbl. The winning bid for the
gas field would be approximately $26 million at a landed
price of $.75/Mcf and $53 million at a high price of $.95/Mcf,

The maximum amount of annual royalties in the high find-
high price case would be received 15 years after the initial
lease sale, 1990 under the study assumptions, and would be
on the order of $426 million. Royalty revenue schedules
for alternative Georges Bank oil and gas finds and prices
are presented in appendix B.

The maximum amount of cash bonus payments in any year,
assuming a high find-high price case, would be on the order
of $445 million, Under the Georges Bank leasing-development
assumptions used for this study, the cash bonus bids would
be received early in the life of the province until all fields
are disCOvered for the high � and low-find Cases. If an ini-
tial lease sale were held in 1975 all cash bonus payments
would be received by 1976 in the low-find case and by 1985
in the high-find case.

All royalty and cash bonus revenues would accrue to the
federal government. The region shares in this gain only to
the extent additional federal expenditures take place in the
region.
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Property tax revenues associated with petroleum develop-
ments are calculated for convenience at .875 percent  .00875!
of the value of estimated onshore investment. This tax rate
would apply, for example, if the market value of onshore pe-
troleum facilities is calculated at 50 percent of investment
cost., the assessed value at 70 percent of the market value
and the tax rate at $25 per $1,000 of assessed valuation on
all categories of investment. Clearly the actual amount of
property taxes collected depends critically on local assess-
ment practices and tax rates, which differ considerably among
coastal New England areas. Moreover, within a given area,
property tax rates may change over time as a result of de-
velopment.

All the onshore capital associated with offshore op-
erations  onshore storage terminals and gas processing plants!
is assumed to be located in Bristol County, Massachusetts, so
that this county receives all onshore property tax revenues.
Property taxes on regional refineries, of course, accrue to
the counties in which the refineries are located.

Under the assumptions outlined above the maximum annual
property tax collections from offshore operations would be
on the order of $170,000 for the low-find case and $1 mil-
lion for the high-find. The annual tax revenues from a re-
finery would be $4. 18 million. No estimate is made of through-
put taxes which could be assessed on refinery activity or
taxes which could be levied on landed production from offshore
fieIds. Nor is any consideration given here to "tax holidays"
or other special tax provisions which might characterize
specific refinery proposal.

In all the petroleum refinery cases studied, two-thirds
of the property fax revenues are assumed to be used for addi-
tional state and local public expenditures. The remainder
is distributed as reduced taxes, which then are used for
additional consumption and savings by households in the par-
ticular counties. Real estate taxes on onshore terminal and
gas plants are used for state and local government expendi-
tures.

The cash bonus and royalty payments are distributed in
the model among federal government final-demand categories,
and they are distributed geographically based on the level
of personal income and prior level of government expenditures,
by category. New England's share in OCS federal revenues
thus is based on the personal income in the region and the
extent to which federal expenditures have taken place within
the region in the past.

Table 4,4 contains information regarding the assignment
of investment, output and public revenues associated with oil
and gas developments to sectors in the regional model. Se-
lected results of the economic impact on New England of po-
tential Georges Bank development and the location of one or
more petroleum refineries in the region are discussed below.
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Selected Im act Anal sis Results

Potential Geor es Bank Develo ment. The regional em-
ployment impact for high- and low-find Georges Bank cases are
presented below, and the results are aggregated to 14 broad
economic sectors. Selected results for a sample coastal
area in southeastern New England, Bristol County, �assachu-
setts, are contained in a later section.

As discussed in chapter 1, an examination of any poten-
tial onshore or offshore conflicts between petroleum develop-
ments and activities like commercial fishing or recreation
are outside the scope of this report. Consequently, the
model results for the natural resources sector cannot be re-
garded as shedding any light on the issue of possible market
or non-market conflicts between oil development and other
marine activities.

The regional impacts associated with the development
phase occur during the early years of potential Georges Bank
operations and are a result of investments associated with
the construction of oil terminals and gas plants, pipeline
preparation-laying, platform fabrication, exploration-well
drilling activities and equipment investment  pumps and com-
pressors, instruments, and other equipment!. The results are
based on the assumption that a lease sale is held in 1975,
and development investment for a given field for convenience
is assumed to take place in the third year after the lease
sale. Thus, the regional effects of development investment
show up in tables 4.5 and 4.6 in 1977-78 for the low-find
 four fields! and 1977-85 for the high-find �5 fields!. In
practice the field development period will be somewhat more
extended than indicated h.ere,

tha ajo d' t regional impact f om Ocg f' ld develop-
ment take pl ce th d atr'iee pl ced here unde the hro d
category "construction sector." This sector is an amalgam
of all onshore and offshore construction activities including
oil and gas well drilling and exploration, gas and petroleum
pipeline, and other industrial construction  see tables 4.5,
4.6!. With the high-find, offshore-related construction em-
ployment is about 2,500 from 1977-79 and declines thereafter.
In the low-find case, construction employment relating to
the development of offshore fields is on the order of 1,200
in 1977 and 1978 and drops off substantially in subsequent
years.

The other major direct effects of offshore oi1 and gas
development-related activities occur in two sectors. The
first, metals, machinery and other manufacturing, includes
such industries as stone and clay products  concrete!; hard-
ware, plating, and wire products; pumps and compressors, and
instruments and clocks. The second major sector directly
affected during the development phase of offshore oil and gas
operations is shipbuilding. This sector also encompasses
boat building and repair activities. Under the assumption
that one-half of the offshore platforms used on Georges Bank
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are fabricated in New England, shipyard employment increaeeS
during the field development years beginning in 1977. In
addition, noticeable employment effects occur in the trans-
portation sector, a very broad aggregation which includes
marine, air, rail and highway transportation services.

The major indirect regional economic effects of the de-
velopment phase take place in three sectors. Employment in
trade and services increases as a result of the general in-
crease in regional income. This sector is a grouping of
wholesale trade, motels, and all retail trade and service
activities. The federal government sector in New England
also expands, reflecting the region's share of federal spend-
ing. The third major indirect effect iS in the state and
local government sector. Employment in this sector increases
as a result of the general expansion in personal income and
the regional public revenues. Smaller indirect effects of
field development activities are evident in regional trans-
portation activities, discussed above, and in the finance,
real estate and business services and the petrochemical sectors.

Under the study assumptions, the production phase of
Georges Bank oil and gas operations begins in 1979, and oil
and gas production builds up gradually. The maximum employ-
ment directly associated with Georges Bank production is on
the order of 155 in the low-find case in which there are four
fields. Offshore production-related employment is as high
as 950 with the high-find scenario. These aggregate employ-
ment figures are an average representation of direct employ-
ment during the production  not development! stage of field
operations, and they include: the permanent production crew
 production foreman, maintenance, gaugers, caterers!; an
apportionment of drilling crews for well workovers; onshore
supply base operation; and operation of onshore terminals and
gas processing plants. The employment estimates for offshore
production do not include shoreside professional labor, e.g.,
petroleum and reservoir engineers; or additional labor for
exploration activity; specialized services, e.g., diving, or
any indirect oil company activities.

The ~t es of employment activities involved with field
production wall vary over the life of the field and the prov-
ince. For example, well workovers or recompletions occur
later in the life of fields, and under the study assumptions
drilling rigs and crews for well workovers are not used until
ten years after field production begins. Also, support op-
erations change over the life of offshore fields from those
related to field development to those providing protection
systems, specialized maintenance and welding services, and
in general to services related to the inspection and mainte-
nance of production platforms and submarine pipelines.

The relatively modest direct offshore petroleum employ-
ment estimate for the low Georges Bank find reflects the sub-
stantial automation capabilities of offshore production op-
erations. For example, when developed, British Petroleum's
giant, two-billion barrel Forties Field off the coast of Scot-
land may need a permanent crew offshore of only 20 to 30 men
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and possibly fewer  Findlay, interview, September, 1973!. The
high-find direct production employment estimate of about 950
is probably on the high side because, as noted in chapter 2,
there may be scale economies to a company in developing large
fields and to a company and the industry in developing more
than one field.

In addition to employment associated with platform crews
and onshore support, oil terminal and gas processing activi-
ties, other employment effects during the fieId production
phase occur in the transportation sector. As noted earlier,
this sector is an aggregate of all transportation categories,
and the results in tables 4.5 and 4.6 include both direct,
e.g., services demanded in direct support of OCS operations,
and indirect transportation services demanded as a result of,
say, an expansion in retail trade and services.

To summarize, many sectors of the regional economy, it
appears, would be affected directly or indirectly by offshore
production operations. However, the major indirect effects
occur in wholesale and retail trade and services; transporta-
tion; federal government and state and local government em-
ployment; metals, machinery and other manufacturing; and
construction. Smaller secondary effects take place in the
utilities and communications, and finance, insurance and real
estate sectors.

Aggregate regional impact results for selected economic
variables -- employment, earnings, and personal income
are presented in table 4.7 for various years. Regional earn-
ings are defined as wages and salaries, proprietor's income
and other labor income. Regional personaL income includes
earnings plus transfer payments  pensions, unemployment in-
surance payments, and welfare payments!, plus estimated prop-
erty income less employees' contributions to social insurance.

Potential Petroleum Refiner Activit . The regional in-
dustry employment impacts from the construction and operation
of a single 250,000 B/D integrated refinery are indicated in
table 4.8. The results are based on the assumption that con-
struction begins in 1977, and the refinery comes on stream
in 1979. The first tax revenues are collected in 1979.

Construction employment is about 1,650 in 1977 and 1978,
and noticeable indirect impacts occur in the trade and ser-
vices, metal, machinery, and other manufacturing, and state
and local government sectors. Smaller secondary employment
impacts take place in the transportation and financial, in-
surance, real estate and business services sectors. The total
employment generated by refinery construction is on the order
of 2,900, although the construction-related effects are short-
run.

The refinery initially employs about 700 people, although
employment declines over time as a result of continued tech-
nical progress. About 25 percent of the refinery work force
would be administrative, e.g., accounting, employee relations,
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medical, etc., and technical The remaining 75 perCent of re-
finery employees would be in process and mechanical opera-
tions, and of these about 15 percent would be at the level of
foreman or above  Moore, letter, 1973!.

The effects on state and local government employment in-
dicated in table 4.8 are a result of the increase in personal
income fram the general development of the area and the taxes
assessed on the refinery. Regional employment in trade and
services would increase as a result of the increase in earn-
ings and a reduction in area property taxes  assumed to be
equal to one-third the real estate taxes collected on the re-
finery! which would lead to higher consumer spending. Total
regional employment as a result of the operation of the re-
finery could be as high as 2,600 over the period 1980-1990
but would decline thereafter.

Aggregate regional impact results for the one and three
petroleum refinery cases for selected years are presented in
table 4.9. With three refineries, average annual employment
in the region during the refinery construction phase would be
about 8,200. Direct and indirect employment during the 1980s
could be as high as 6,800. In the one-refinery case, total
average annual payrolls would be on the order of $34 to $36
million and annual regional personal income could be about
$40 to 442 million. With three refineries, annual payrolls
and personal income are somewhat less than three times that
of the one-refinery case.

Re ional Im act of Alternative Petroleum Develo ments
Discounted Earnin s and Income. Table 1.5 contains a summary
of the petroleum impact cases stated in terms of the aggregate
discounted value of regional earnings and income resulting
from each alternative. The cases presented u~der part A deal
with the various Georges Bank oil and gas alternatives, while
part B summarizes the results for the refinery cases. Three
discount rates are used, but the discussion below is with
reference to the eight-percent discount rate.

With the high � price assumptions, the present value of
direct and indirect income to the region ranges from about
$207 million to about $1 billion, depending on whether the
low or high find proves to be the case.

Based on the results presented in table 1.5, the construc-
tion of a single petroleum refinery will lead to considerably
higher regional earnings and income than the low-find case
considered in this study. The three-refinery alternative has
only a somewhat higher present value of income and earnings
than the high-find case, but if each case is off by as much
as five percent, the two potential petroleum developments are
about the same in terms of their effects on total earnings
and income in the region.

For either the low- or high-find case, the present value
of regional income and earnings is somewhat higher in the
high-price case, as opposed to the low-price case. The re-
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suits in table 1.5 do not include the losses in the real in-
come of the region because of higher petroleum prices. In-
stead, the results reflect earnings and income in the region
with a particular alternative, given that the high or low set
of prices prevails and is not affected by Georges Bank develop-
ment.

Im acts on a Coastal Area: Bristol Count Massachusetts
Bristol County, Massachusetts, zn thzs study is a sample coast-
al area in southeastern New England in which offshore petro-
leum-related activity is concentrated. A large fraction of
the investment activities associated with the field develop-
ment of Georges Bank operations is assumed to take place from
the county. This includes support operations for well drill-
ing and exploration activities and pipeline preparation and
laying. All oil and gas from Georges Bank is assumed to be
landed in Bristol County, and all storage terminal and gas
plants are located there. It also has been assumed that one-
half of all regional offshore production operations take place
from Bristol County. The county also is used as a sample
location for a petroleum refinery in those impact cases which
include regional refinery activity.

In brief, a very substantial portion of all potential
regional petroleum activities is located within this county,
and an examination of the impact results for this area pro-
vides insights into the magnitude and kinds of impacts off-
shore oil and gas operations and petroleum refining can have
on particular coastal areas that are central sites for petro-
leum activities.

Table 4.10 summarizes the impact results for Bristol
County for two cases, the high find-high price Georges Bank
case with and without a refinery.

In the high find-no refinery case, construction employ-
ment related to offshore operations during the development
phase of Georges Bank, 1977-1985, could range from about 1,100
to 1,400. County employment directly associated with offshore
production would range from 200 to 475 over the life of the
province. Overall Bristol County employment could range from
2,400 to 3,600 during different periods of offshore oil and
gas activity. The location of economic activity in the county
leads to a population increase which could be as high as 6,600.

The employment-population impacts with the high find-one
refinery case are summarized in the bottom section of table
4.8. Some 1,600 to 1,700 workers are involved with the con-
struction of the refinery in 1977-1978, and the remaining
construction employment is primarily related to offshore op-
erations. Refinery employment is on the order of 750 and
declines over time. Total direct and indirect employment in
Bristol County associated with petroleum activities in the
high find-one refinery case ranges from about 4,500 to a high
of 5,900. The population in the county could increase by as
much as 11,500. The employment-population figures in table
4.10 in fact may somewhat overstate the effects on Bristol
County since not all the labor associated with the petroleum
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developments, e.g., tanker crews or product.ion-drilling crews
for offshore platforms, may live within the county. Offshore
drilling and production crews work a seven days on-seven days
off schedule, and as in the Gulf of Mexico, it is reasonable
to expect. that crew members commuting twice a week may be
willing to travel considerable distances.

As stated in chapter l in the context of the existing
size and structure of the economy of the area, the expansion
in Bristol County employment and economic activity as a re-
sult of petroleum-related developments will not lead to a
large increase in annual per-capita income  more than, say,
$50 per person! and may not substantially reduce area unem-
ployment rates.~

Population and emplOyment changes in Bristol County as
a result of the petroleum-related developments considered in
this study could amount to a two to three percent increase
for the county as a whole over the non-development case in a
given period. However, as explained in chapter 1, this kind
of comparison can be misleading, Offshore petroleum and re-
fining activities are particularly marine-oriented, so that
in terms of distribution, much of the development activity
in the county will be concentrated along the coastline.
The obvious and subtle consequences of development occur,
except they may be within a telescoped time frame given that
companies may develop offshore blocks quickly once a lease
sale is held. The high-find refinery impact scenarios in-
dicated here, then, imply noticeable changes for coastal
areas which become central sites for petroleum operations in
terms of population and economic activity and the general
level of development.
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10%Petroleum refineries

Platforms

Pipeline

Well drilling and exploration

Onshore storage terminals

Onshore gas plants

Pumps and compressors

Other machinery

16.7%

16.7%

40%

50%

Table 4.1. Assumed regional share of petroleum-related invest-
ment, by category.

Fraction of total investment
Petroleum that is an output of
investment cate or the re ion
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Table 4.2. value of petroleum-related investment, by year and by category,
that is taken to be an output of the New England economy <$ millions!.

I. Offshore Petroleum Cases

A Georges Bank Development--Low Find

1-2 0 0 0 0 0 0

3 22.25 18.13 12.17 2.61 2.60 2.59

4 6.25 8.80 2,5 0 2.60 0 94

1.35

0.45

8 Georges Bank Development--High Find

1-2 0 0 0 0 0 0

3-9 22.25 18.13 12.17 2.61 2.60 2.59 1.35

10 14.25 i3.47 7.33 1.30 2.60 1,76 0.90

11-12 6.25 8.80 2.50 0 2.60 0.94 0,45

11. Petroleum Refiner Cases

B Three RefineraesA One Refinery

Plat-
forms

Plat-
formsyear Year

1-2 1-2

$35.7$11.9

$35.7$1I.9

Onshore Onshore Pumps
Plat- Pipe- Well drill. storage gas and Other

Year forms lines tt ex lor. terminals lants com ressors machinery
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Distribution Assumed
to measure Regional
Economic Im acts

Basis of
CalculationCate or

Federal civilian gov-
ernment

One-sixth the value
of production at
wellhead

Royalty pay-
ments

Federal civilian gov-
ernment

Cash bonus pay-
ments

After-tax present
value of fields

2/3 to state and local
government, l/3 to con-
sumer expenditures,
revenues accrue to ex-
ample refinery loca-
tions

.00875 of the cost
of investment

Real estate
taxes: petro-
leum refinery

Onshore termi-
nals and gas
plants

State and local govern-
ment, Bristol County

.00875 of the cost
of investment

Table 4.3. Summary of the calculation and distribution of
public revenues from Georges Bank petroleum development and
refineries.
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Table 4. 4. Assignment of petroleum activities to regional
model sectors,

Model Industry Sector
 S. I.C. Number! aActivit

Investment:
Ships, Trai~s, Trailers,
Cycles �73-9! b

Platforms

Pipelines
Construction
Equipment/Materials

Gas and Petroleum Pipelinesc
Stone and Clay Products

�24-9!b

Well Drilling and Exploration
Construction Oil and Gas Well Drilling and

Explorationc
Oil and Gas WellsdEquipment

Onshore Storage Terminals
Construction
Equipment

Industrial. Construction
Hardware, Plating, wire Prod-

ucts �42, 347-9, 3491! b

Onshore Gas Processing Plants
Construction
Equipment

Industrial Construction
Hardware, Plating, Wire Prod-
ucts �42, 347-9, 3491! b

General Industrial Machinery
�56! b

Pumps and Compressors

Other Machinery Instruments and Clocks �81-2,
384, 387! b

Refinery
Construction
Equipment

Industrial Constructionc
Petroleum Refiningd

The S.I.C. number is the Standard Industrial Classifi-
cation Number that, where appropriate, corresponds with the
Harris regional model industry sectors.

Output sector.
Construction sector.

dEquipment purchasing sector.
Extra labor sectors.

O~tu t:
Owl and Gas

Pipeline Transportation

Refining

Federal Government

Re ional Government

Petroleum Mining �3!

Transportation �0-42, 44-47!

Petroleum Refining �9!

Federal Civilian Government

State and Local Governments



Table 4.5. Estimated average annual regional employment assoc-
iated with the development and production of Georges Bank petro-
leum fields, selected years.

Avera e Annual Employment
Field

Development Production
1977-9 1980-5 1985-90 1990-2000Economic Sector

155115 7530 a

1,200
20

50

190

400
125

5
90

650
75

230

3,015 1,115 1,375 980TOTALS

Source: Special application of the Harris regional forecasting
model.

The symbol   � � ! denotes no change or no significant change.
As stated in the text, environmental effects and possible con-
flicts among marine activities are not considered in this study.

Case: Low � Find, High-Price, No � Refinery.

Offshore Petroleum
Agric., For,, Fish,, Min.
Construction
Petrochemicals
Petroleum Refining
Shipbuilding
Food, Textile, Lumber
Metal, Mach,, Other Mfg.
Transportation
Utilities Commun.
Fin., Ins., R.K., Bus. Serv.
Trade and. Services
Fed. Gov., Hous., Milit.
State and Local Government.

10
5

90
375

20
20

160
120
150

10
15

150
420

35
30

260
120
120

10
25

300
140

50
40

300
20
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Table 4.6. Estimated average annual regional employment assoc-
iated with the development and production of Georges Bank petro-
leum fields, selected years.

Case: High-Find, High-Price, No-Refinery.
Avera e Annual Em lo ment

Field
~Il 1 o t

Field Development
and Production

1977-9 1980-5 1985-90 1990-2000Economic Sector

70095030 a

2, 500
40

700 280
� 10

450

790
225

130
1,150

750
225

6,290 7,135 7,575 6,285TOTALS

Source: Special application of the Harris regional forecasting
model.

a The symbol  --! denotes no change or no significant change.

Offshore Petroleum
Agric., For., Fish., Min.
Construction
Petrochemicals
Petroleum Refining
Shipbuilding
Food, Textile, Lumber
Metal, Mach., Other Mi'g.
Tra.nsportation
Utilities, Commun,
Fin,, Ins., R.E., 13us, Serv.
Trade and Services
Fed. Gov., Hous., Milit.
State and l,ocal Government

400

1,900
20

300
15

700
1,250

50
150

1, 200
700
450

100
45

470
2,250

110
150

1,400
750
650

50
90

590
1,500

160
175

1,600
550
600
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Table 4.7. Economic indicators of the annual regional impacts of
example offshore petroleum cases averaged for selected years.a

Low Find
No Petr oleum Refiner

Indicator

Employment

Payrolls
 in millions!

Source: Special application oi' the Harris regional forecasting
model.

The figures in each column represent an annual average, not
a total, for the years indicated in the column heading.

bRegional income = earnings + transfer payments + property
income - social security contributions.

Adjusted to reflect the same income-to-earnings ratio as in
1985-1990 high-find case.

I ncome b

 in millions!

High Find
No Petroleum Refiner

1977-79 1980-85 1985-90 1977-79 1980-85 P85-90

3,015 1,115 1,375 6,295 7,135 7,575

$32.9 $13.8 $18.0 $73.2 $87.2 $101.3

$39.4 $14,0 $25.7 $87.3 $135,0 $144.6
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Table 4.8. Estimated average annual regional employment associated
with a 250,000 B/0 petroleum refinery, selected years.a

Average Annual Employment

Construction Production
1977-9 1980-5 1985-90 1990-2000Economic Sector

901680 130

700

250
75

60
620

10
220

2915 2525 2605 2095TOTALS

Sou ce: Special application of the Harris regional forecasting
model.

Calculated as the low-find, state-control case with a re-
finery less the low-find, state-control case without a refinery.

b The symbol  --I denotes no change or no significant change.

Agric., For., Fish., Min.
Construction
Petrochemicals
Petroleum Refining
Shipbuilding
Food, Textile, Lumber
Metal, Mach,, Other Mfg.
Transportation
Utilities Commun.
Fin., Ins., R.E., Bus. Serv,
Trade and Services
Fed. Gov., Hous., Milit.
State and Local Government

70
I5
90
50
50

750
170
500

130

720
-15

60
15
90
75
80

870
130
450

670
� 30

50
� 30

70
100
125
830

30
190
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Table 4.9. Economic indicators of the annual regional impacts of
petroleum refinery alternatives averaged for selected years.a

One 250,000 B/D
Refinery

Three 250,000 bye
Refineriesc

1985-90 1977-8 1980-85 1985-901977-8 1980-85Indicator

$42.3 $41.5 $40.6 $118. $98.4 $107.1

Source. Special application of the Harris regional f'orecasting
model,

aThe figures in each column represent an annual average, not
a total, for the years indicated in the column heading.

Calculated as the difference between the low find-state con-
trol-high price cases with and without a petroleum refinery.

cCalculated as the difference between the high find-federal
control-high price case with and without three refineries.

Regional i~come = earnings + transfer payments + property
income � social security contributions.

adjusted to reflect the same income � to-earnings ratio as
in the 1980-85 or 1985-1990 three-refinery case.

Employment

Payrolls

dIncome

2,900 2,630 2,650

$34,4 $34 .3 $36. 5

8,220 6,000 6,825

$94.6 $81.3 $96.3
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Table 4.l0. Estimated average annual impacts associated with
selected petroleum developments, Bristol County, Massachusetts,
selected years.

1977-8 1980-5 1985-90 1990-2000Cate or

Caser High-Find, High-Price, No-Refinery

Employment:

475 370200
a

1,450
20

0

1,130
10

0

130470

0
� 25

0
� 10

-100
780

70
160
700
100
275

320
100

30
1180

50
100
780
170
390

225
650

25
90

760
140
360

70
630

25
90

3@35 2460

ta590 5850

2,705 3590

4/70 6289

Total Employment

population

Case: High-Find, High-Price, One-Refinery

Employment:

a

3225
20

0

650
170

160
1,270

35
320

$795 4$25

ll,450 9/00

$885

11,550

$8 50

10800

Tota.l Employment

Populations

Source: Special application of the Harris regional economic model

The symbol  -- ! denotes no change or no significant change.

Offshore Petroleum
Agric., For,, Fish., Min,
Construction
Petrochemicals
Petroleum Refining
Shipbuilding
Food, Textile, Lumber
Metal, Mach., Other Mfg.
Transportation
Utilities Commun.
Fin., Ins., R.E., Bus. Se
Trade and Services
Fed, Gov., Mous., Milit.
State and Local Govn't.

Offshore Petroleum
Agric., For., Fish., Min.
Construction
Petrochemicals
Petroleum Refining
Shipbuilding
Food, Textile, Lumber
Metal, Mach., Other Mfg.
Transportation
Utilities Commun.
Fin., Ins., R.E., Bus. Ser.
Trade a.nd Services
Fed. Gov., Hous., Milit.
State and Local Govn't.

200
10

1,225
10

750
� 10

70
240
750

70
120

I,430
300
720

475

570

740
-20

40
-70

1,250
125
170

1,525
265
725

370

250

635
-50

15
-325

850
175
290

],525
190
600
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Footnotes

l. No estimate is made here of the regional real income changes assoc-
iated with different oil and gas prices, The argument for this treat-
ment is that the region has no effective control over the price of crude
oil and natural gas. Estimates by others  M.I.T., 1973! indicate the
major effects that changes in petroleum prices will have on the real
incame of the New England region.

2. In all applications the base-case regional model data were adjusted
at the outset to reflect dramatic declines in military-related employ-
ment in Newport and Washington Counties, Rhode Island, and Suffolk County,
Massachusetts. Based on telephone discussions with Public Affairs Offi-
cers, military-related employment was reduced by 90 percent in Washing-
ton County and 50 percent in Newport and Suffolk Counties.

3. See chapter 3.

4. The term "shipyard," of course, is a catch-all since platforms cauld
be fabricated at new, specialized facilities or possibly at some exist-
ing yards. The major New England yards, unlesS they inveSted in new
facilities, might not be able to construct platfozms in the near future
because of a backlog of orders for LNG carriers, tankers, and submarine
constzucticn and/or assembly projects.

5. In the Harris model, earnings or payrolls by industry are a function
of estimated employment and the equipment nnvestment in the industry.
Total earnings, of course, is the sum of all payrolls for all industries
in the region. Transfer payments are estimated as a function of popula-
tion and the level af unemployment. Property income, a large proportion
of which is rental income, is estimated as a function of area earnings.
Social security payments are estimated by applying the prior year's ratio
of social securnty payments to civilnan persons employed to the current
year's civilian persons employed  Harris, 1974, pp. 28-29!,

6, Tax collections may in fact begin sooner since many communities tax
facllitiee under construction.

7. Local unemplOyment prOblems conceivably cOuld be exacerbated in the
short-run. This could occur if prospective emp3.oyees, opezating with
impezfect information, are attracted ta the area or if labor imported
to work on the development of offshore fields or the construction of a
refinery are nat mobile when the projects are completed.
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5. THE REGIONAL ECONOMIC CONSEQUENCES OF POTENTIAL PETROI EUM
DEvELOPMENT; ADJUSTMENTS

The purpose of this chapter is to adjust and qualify
the regional impact results presented in chapter 4. Total
regional impact results are adjusted to reflect the cost of
resources used in the region as a result of hypothetical pe-
troleum activities. This adjustment provides an estimate of
the part of the total regional earnings and income impacts
that constitutes an increase in national earnings and income.

Another section contains a brief discussion of some of
the public-sector consequences of petroleum developments.
These include the potential regional costs of social services
and public management activities associated with OCS oil and
gas development and refineries. Also included are some qual-
ifications of the earlier estimates of regional public rev-
enues.

An assessment of the many environmental aspects of off-
shore oil and gas development is outside the scope of this
report, Extensive studies of the environmental dimensions
of the petroleum activities examined in this work may be found
in several major studies, including those by M.l.T.  l973!,
the University of Oklahoma �973! and the recently published
assessment by the Council on Environmental Quality �974!.

The only quantitative adjustments actually made in this
chapter are in the next section, dealing with the cost of re-
sources used in the region. In all other cases the adjust-
ments are primarily qualitative, although an effort is made
to provide an appreciation of some of the quantitative ele-
ments of each needed adjustment.

Ad'ustment of Total Re ional Im act Results to Reflect Re-
source Costs

The regional impact estimates presented in chapter 4 in-
dicate the total effects on the New England region of each of
the hypothetical offshore petroleum and refinery developments.
The results, with the exceptions to be noted below, correspond
with what one would expect to see reflected in a system of
econcrnic accounts measuring employment, earnings, income,
output, and other variables, if the region maintained a uni-
fied set of accounts. A region understandably may wish to
measure the total impacts of prospective economic develop-
ments. However, it also is of interest, in terms of national
goals, to provide estimates of the extent to which increases
in regional earnings and income represent an increase in
national earnings or income or instead a mere transfer of re�
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sources and income into the region  or even among sections of
the region!.

In general, unless the introduction of offshore petro-
leum and refinery activity will draw upon otherwise idle labor
and capital, the use of the resources diverts them from al-
ternative activities and thus is at the cost of what they
would have produced elsewhere, If at least some otherwise
unemployed resources are used as a result of the new activi-
ties, however, the real cost of the resources will be less
than the market costs, and the difference represents a gain
in income to society. The base-case runs with the regional
model were based on the assumption that national full employ-
ment policies were in effect over the life of the potential
petroleum developments, and national controls on employment
were established on this basis. A full employment assumption
is reasonable in the long-run; however, in view of the exist-
ing substantial unemployment rates, the impact results are
adjusted to allow for possible increases in national earn-
ings and income as a consequence of Che use of resources
which could otherwise be unemployed. The approach used to
make this adjustment is discussed below.

The extent to which the labor and capital demands im-
posed by offshore oil and gas and refinery developments are
met out of unemployed resources will depend on the pattern
of resource demands directly and indirectly resulting from
the particular activities as well as the level of unemploy-
ment by occupation and idle capacity by industry within New
England. The higher the level of regional unemployment in
the types of labor and capital demanded by petroleum activi-
ties, the greater the likelihood Chat. the resources used will
be drawn from the unemployed. Based on a detailed examina-
tion of these factors, inferences can be made regarding the
extent to which an activity will make use of unemployed re-
sources or merely will divert employed resources from alter-
native activities.

No attempt is made as part of this study to undertake
the detailed calculations necessary to estimate the real cost
of resources as suggested above. Fortunately, however, a
good idea can be gained of how large an adjustment for re-
source costs might be called for by examining the results of
an earlier, major study specifically designed to address this
issue. Haveman and Krutilla  H-K!, in a very comprehensive
1968 study, attempted to refine benefit-cost. calculations by
taking into account the likely use of unemployed labor and
idle capital in the construction phase of selected water re-
source projects. The H-K study considered five types of
representative public water resource expenditures and divided
the U.S. into ten regions, one of which was New England. Es-
timates were made of the composition and geographic distri-
bution of direct and indirect resource demands resulting from
hypothetical undertaking of the public projects in each re-
gion, It was assumed that the public expenditures took place
in 1960, a year of comparatively high �.6 percent! national
unemployment.
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Based on the H-K analysis of the labor and capital de-
mands associated with each representative project, estimates
were derived of the social cost of the resources used to con-
struct the public projects in each region. For New England
it was found that the social labor cost, i.e., the real re-
source cost of labor, ranged from 82 to 88 percent of the
market labor cost for the five projects located within the re-
gion. Total social costs for the projects located in New
England were estimated to range from 84 to 89 percent of the
total expenditures �968, pp. 82, 88!.

The pattern of resource demands imposed by petroleum-
related construction activity surely is not the same as that
resulting from the water resource projects considered in the
Haveman-Krutilla study, except that on-site construction activ-
ities are an important component of both types of investment.
Nonetheless, the H-K estimates can be used to establish a
reasonably lower limit on the real cost of regional resources
used in offshore oil and gas and petroleum refinery activity.
Zt is most unlikely, for example, that the real cost of re-
sources used in the region will be less than 80 to 85 percent
of the market cost of the resources used in petroleum-related
developments, particularly in view of the age-skill require-
ments associated with offshore petroleum and refinery activ-
ity. As has been argued by others, the workers employed in
these activities are likely to be younger and more skilled
than average and can be expected to be adaptable and mobile--
and therefore, would be unlikely to be unemployed for any
length of time  H.Z.T., 1973, pp. 170-172!.

Qn the other hand, recent regional and national unemploy-
ment rates have been in the vicinity of seven percent. The
higher the level of unemployment, the greater the chance new
activities will make use of unemployed resources. Also, an
increase in state and. local government revenues as a result
of new activities creates the potential to employ and train
workers who might otherwise be unemployed, perhaps for sub-
stantial periods, and state and local government activities
are notably labor-intensive. Clearly, the real importance
of this last point for regions like New England will turn on
whether or not the coastal states can share directly in the
cash bonus and royalty revenues from offshore operations, and
the extent to which state and local governments can capture
the potential returns from petroleum refinery operations.
The retail trade and services sector also is comparatively
labor-intensive.

Taking into account the range of direct and indirect
activities associated with petroleum-related developments,
it is highly unlikely that real resource costs would be less
than 75 percent of the market cost. Based on this reasoning,
the following adjustment is made for resource costs to esti-
mate the share of total regional earnings and income that
represents an increase in national earnings and income. For
each impact case examined for New England in chapter 4, all
payments to labor are adjusted to reflect the real cost of
the labor used in the region under the assumption that at most
only 25 percent of the direct and indirect payments to labor
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over the life of all petroleum activities represents a gain to
society. No adjustments are made for returns to the region's
industrial capital, which assumes that without the petroleum
activities in question the capital used in these activities
would be idle. These are very conservative adjustments, and
they almost certainly result in higher estimates of national
earnings and income than would be estimated with a comprehen-
sive study along the lines of Haveman and Krutilla. The re-
sults of these adjustments are summarized in table 1.6.

The effect of the adjustments for resource costs is to
bring into sharp focus the difference between estimates of
the total "regional development impacts" experienced by a
region � essentially the results in table 1.5 � and esti-
mates of the increase in national earnings and income assoc-
iated with the petroleum activities taking place in the re-
gion, as indicated in table 1.6. For example, at a discount
rate of eight percent, the total or unadjusted regional
ear~ings and income in the low find-high price-federal control
case are $196 million and $207 million, respec'ively  table
1.5!. These figures represent an estimate of the direct and
indirect impacts on the region of this offshore find scenario,
and the estimates would be reflected in a system of regional
economic accounts for New England. However, when adjusted
for resource costs, the share of regional earnings and income
that is a contribution of the activity in the region to na-
tional earnings is $49 million and to total national income
is $60 million. Similarly, the total discounted earnings and
income accruing to the region with one refinery is on the
order of $324 million and $353 million, respectively. The
component of regional income and earnings that represents a
gain in national earnings and income, however, is about $82
million and $109 million, respectively.

In summary, both the total regional impact results and
the total results adjusted for resource costs are of interest.
There is, however, a substantial difference between the two
measurements of regional economic effects. The total ef-
fects include the use of unemployed regional and non-regional
labor and regional capital, the location effects of a trans-
fer of resources and income into the region, and perhaps a
re-allocation of resources among activities and areas within
the region. The total results adjusted for resource costs,
on the other hand, provide an estimate of the share of the
total earnings and income accruing to or taking place in the
region that represents an addition to national earnings and
income, after subtracting the opportunity costs of the re-
sources used in the region as a result of the introduction
of the petroleum activities.

Fiscal Ad 'ustment Considerations

Public Revenues. Real estate or property tax revenues
from onshore petroleum investments  ignoring public services
temporarily! are treated as a gain to the region, although
such revenues are transfers from the point of view of society



as a whole. Under the study assumptions all onshore petro-
leum investments for oil terminals, gas plants and petroleum
refineries are assumed to generate annual real estate tax
revenues equal to .00875 of the cost of investment, irrespec-
tive of the location of the facilities. Higher and lower ef-
fective tax rates can be found in coastal communities that
could be affected by offshore petroleum and petroleum re-
finery alternatives, so that the .00875 tax revenue coefficient
is probably a reasonable, though necessarily crude, figure.
On this basis, the annual tax revenues from the estimated
investment in a refinery is $4. l8 million. Property tax rev-
enues from onshore oil storage and gas processing facilities
associated with offshore fields could eventually range from
approximately $170,000 in the case of a low-find to perhaps
as much as $I million with a high-find.

The property tax revenues estimated above and included
in the results of this report can best be described as the
"gross" or "overstated" estimates. In reality the land will
have alternative uses, and the actual property tax revenue
gain is the difference between the revenue from the refinery
less the revenue which would be received from the next best
 highest return! use of the land. For example, except for
utilities, few single-alternative activities would involve
the major capital investment associated with a refinery,
perhaps $475 million. If the "next best" use of the land
for one or more activities involves an investment of, say,
$75 million, the annual public revenue gain to the area with
the refinery, all other things equal, would be $3.5 million,
or $475 less $75 million times .00875.

Whatever the value of the next best alternative invest-
ment in any particular case, calculations like the one de-
scribed above provide a lower limit to the public revenues
gained from allowing one form of development rather than
another. The upper limit is the difference between the pub-
lic revenues from the petroleum facility less the tax on idle
industrial land.

On the other hand, the regional income estimates in this
study may be understated to the extent that the petroleum
developments generate revenues not considered in this study,
for example, a tax per-unit of refinery throughput or ad
valorem taxes. Heedless to say, the public revenue implica-
tions in a given situation will depend upon the particulars
of development proposals agreed to by all parties and the
applicable state and local laws and assessment practices.
These detailed considerations cannot be addressed in a study
of this scope, but they clearly would be of central interest
in a site-specific, comprehensive study of particular alter-
natives.

Pers ectives on Public Services and Ex enditures: Re-
finer Activit . The construction of a refinery over a two-
year period may involve on the order of 1,700 construction
employees. Roads and traffic control devices may have to be
improved in nearby areas as a result of additional traffic



and the trucking of heavy materials and equipment, Depend-
ing on commuting patterns and the availability of labor with
the requisite skills in the area conceded, a number of the
workers involved with the construction of the refinery and
their families may be attracted to the area. As a consequence
of these developments and the indirect effects on retail
trade and services and other activities  see table 4.8!, ad-
ditional social services will be required. These effects
primarily would be short-run.

Once on stream the refinery will require obvious direct
public services such as police and fire protection and sew-
erage disposal. Continuous monitoring will be needed to
ensure that state-federal environmental standards are ade-
quate and are being maintained. In connection with a 1970
proposal for a 65,000-B/D refinery for Tiverton, Rhode Island,
for example, it was estimated that an environmental monitor-
ing system could cost $100,000 per year  Mlotok, 1970, p. 11!.
It is reasonable and perhaps conservative to expect that an
environmental monitoring system for a 250,000-B/D refinery
might cost $200,000 to $300,000 a year. Unless regulation
costs are assumed by the refinery operators or federal author-
ities, the costs would have to be borne by state and local
taxpayers.

Contingency plans to deal with spills of crude oil or
products would have to be developed by state, federal and
company officials. Containment devices, one or more oil re-
covery vessels, possibly chemical dispersants and qualified
personnel will need to be available in the event of an acci-
dent. Some of these services and equipme~t typically will be
provided by the refinery operators. However, the design of
an area-vide oil transportation system and spill contingency
plan will impose costs on the state.

In addition to the above public services, a refinery
operation creates major demands for water, primarily for
cooling purposes. The water demands will depend on the ca-
pacity and complexity of the refinery, the technoIogy used,
and the cost of water either from public water supply sys-
tems or the company's system, and perhaps on other factors.>
Existing information and studies provide a wide range of es-
timates of water intake for a 250,000-B/D integrated refin-
ery, but a reasonable lower figure for water intake by a
hypothetical New England refinery would be nine million gal-
lons per day  MGD!. Lower refinery water demands have been
reported. For example, ARCO's new 100,000-B/D refinery at
Cherry Point, Washington, uses about 3.5 MGD of water  Aaland,
1972, p. 90!, which is proportionately the equivalent of 8.7
MGD for a refinery with a throughput of 250,000 B/D. How-
ever, this figure probably is unrealistically low for other
sections of the United States, particularly New England, be-
cause the ARCO refinery uses electricity-intensive air cool-
ing techniques. Electricity costs in the U.S. are lowest by
a wide margin in washington state and highest in New England
and the Northeast.

A reasonable upper-bound water demand estimate is 18 MGD.
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This figure is considerably below the water demand estimates
for comparable refineries from some sources, and it is based
on the assumption that New England refineries would adopt
state-of-the-art water conservation techniques to achieve
the major reductions in water use reported in the industry
literature  Exxon, 1974, p. 12; I.ieber, 1973! . Regional water
pricing and discharge policies also could work to influence
potential refinery water demands.

Some appreciation can be gained of the extent to which
the introduction of a refinery could increase the demands on
public water systems and area freshwater supplies by looking
at U.S. Census figures on water use by all petroleum refin-
eries. In 1968 over one-half, 57 percent, of the raw water
used by refineries was fresh water; the remaining 43 percent
was from brackish sources, Of the freshwater demands, 22
percent was withdrawn from public water systems and the rest
from company water systems  U,S,, 1968, pp. 7-42, 43!, If
these U.S. average figures are regarded as reasonably repre-
sentative of what could be expected with a New England re-
finery, the refinery would demand some 1.1 to 2.2 MGD from
municipal sources and a total of 5.1 MGD to 10.2 MGD from
area freshwater stocks  table 5. 1!. These figures make no
allowance for indirect water demands as a result of the
secondary effects on the area as a consequence of the loca-
tion of a refinery.

The figures in table 5.1 provide a basis for a partic-
ular community to assess the adequacy of the existing supply
capacity and water pricing policies and the cost of augment-
ing the water supply, if necessary. For example, one hypo-
thetical refinery site is Newport County, Rhode Island. The
calculated dry-weather yield for the reservoirs serving New-
port, Niddletown and Portsmouth is 12.6 NGD, but based on
the 1964-65 drought, the safe yield of the system is only
about 9.5 MGD. Average daily pumpage for the system in 1972
was 8.03 NGD  Malcolm Pirnie, 1972, pp. 4, 7!. The low es-
timate of direct refinery water demand from a public system,
1.1 NGD, would come close to the safe yield of the system,
and higher withdrawals from the public system would exceed
the safe yield. In view of the likely future water supply
needs and management problems in Rhode Island  Nartel, 1973;
Malcolm Pirnie, 1972!, the public policy aspects of the in-
troduction of a major water-using industry like petroleum
refining clearly require a comprehensive examination on a
site-specific basis.

Once in operation the refinery will give rise indirectly
to a range of social services. Based on the estimates pro-
vided in chapter 4, the refinery initially will employ about
700 people, a number of whom can be expected to move into the
community, The refinery will attract such activities as re-
tail trade and services, transportation and state and local
government activities  see table 4.8!. Many of the families
migrating to the area will be of prime working age and hence
will have children who will need to be provided with educa-
tional services.
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The above considerations suggest that the location of a
refinery will lead to substantial indirect demands for a
range of business and social services, Detailed planning con-
siderations are not within the scope of this study, but clear-
ly questions should arise at the local level regarding the ex-
tent to which the existing social capital, taxing provisions
and planning mechanisms are appropriate in light of the di-
rect and indirect consequences associated with the construc-
tion and operation of a refinery, The general type of de-
velopment-related issues raised here are not new; they are
faced by communities all the time. What is different, how-
ever, is the need to evaluate and plan for the introduction
over a short period of time of a major industry with which
the area has little or no experience  and which has been
characterized by uncertainties in the environmental area! as
opposed to the more typical situation of planning for gradual
or incremental development.

Offshore Petroleum. Should the states assume an active
role in overseeing the deve1opment of Georges Bank, New Eng-
land will incur management costs for coastal planning efforts
and for research on oil-related issues, Regional, state and
local authorities will be called upon to address a variety
of onshore issues. These will include studies and hearings
to evaluate alternative landfalls and pipeline corridors for
offshore oil and gas; site selection for the Location of oil
terminals and gas processing plants; the adequacy of exist-
ing port facilities to accommodate offshore support vessels;
and the possible conversion of some coastal lands to support
offshore development and production activities.

No attempt is made here to assess the community and
societal costs, potential onshore conflicts and planning is-
sues that can arise as a result of the development of offshore
oil and gas fields, It is tempting to make comparisons be-
tween the coastal development problems that might take place
in New England as a result of offshore petroleum activity
and recent experiences with offshore oil and gas development
in the North Sea. In northeast Scotland, for example, major
public investments have been made in road improvements to
handle the transport of heavy materials, harbor expansion
and improvement to meet the specific berthing and storage
needs of support operations, expansion of airport and rail
services, and a variety of other community services including
housing, water supply and sewerage facilities  see e.g.,
Scottish Office, 1.973, pp. L2-15!. However, broad compari-
sons with the North Sea only indicate the kinds of regional
planning problems that can arise with OCS petroleum develop-
ment and are of limited value for concrete planning purposes
for New England.

The results generated in this study provide an indica-
tion of the scale and kinds of di rr ct and secondary effects
from the leasing and development of Georges Bank, and hence
some of the development pressures that will confront coastal
areas. Additional work is called for, however, to examine
in detail the activities and demands that are likely to be
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made on coastal areas as a result of alternative offshore
scenarios, and to inventory the stock of port, transportation,
social service and other facilities and resources. Assess-
ments then can be made of the extent to which potential OCS
petroleum developments might encounter constraints or bottle-
necks in coastal sections of the region and the adequacy of
existing leasing arrangements and coastal planning mechan-
isms to deal with these problems. This kind of a planning
strategy would, among other things, provide guidance in deal-
ing with potential planning problems, including a possible
ranking of particular ports and coastal communities in terms
of, say, lowest social cost of accommodating OCS development
and socio-economic conflicts. Specialized studies of the
potential onshore effects of OCS developments also would pro-
vide more refined measures of the true social gains from off-
shore development and would indicate the onshore costs of
petroleum developments to coastal regions. This kind of
information provides a rational foundation for examining the
existing federal OCS leasing arrangements in which all off-
shore public revenues accrue to the federal government irre-
spective of the costs borne by coastal areas in support of
offshore oil and gas operations.
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Freshwater 5,1 10,2

Public Water System

Company Water System

1.1 2.2

8.0

Brackish Water 3,9 7.8

Total 9.0 18.0

Source: Based on the refinery water demand estimates
discussed in the text and census ini'ormation
on the percentage breakdown of water intake
by source for petroleum refineries  U.S.,
1968, Pp. 7-42, 43!.

Table 5.1. Potential range of new water demands by a hypo-
thetical 250,000 8/D integrated refinery  in HGD!.
Source Low Hi h



91

Footnotes

l. For an analysis of the economic-technical substitutions that a petrol-
eum refinery can make in the context of a residuals management framework,
see Russell �973!.
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Appendix A: Estimates of Offshore Oil and Gas Pipeline Trans-
portation Costs*

Zn this appendix capital and operating costs are esti-
mated for an offshore pipeline system for transporting oil
and gas to New England from hypothetical fields on Georges
Bank. The results are intended to provide order-of-magnitude
estimates of offshore petroleum transportation costs for al-
ternative-sized oil and nonassociated gas fields.

Oil Pi eline Trans ortation Costs

The oil pipeline costs considered in this appendix in-
clude those from the intake side of the production platform
pumping equipment to the discharge from the first. land storage
depot. The major elements of transportation cost considered
below are:

Pipeline material
Pipeline coating
Pipeline laying
Pumping equipment at the production platform and
interim stations
interim pump station s! -- ocean platform costs
Onshore storage facility costs

a.
b.
c ~
d.

e.
f.

2. 0 eratin Costs

a. Costs for operating and maintaining the pipeline

*This section was written with Edward Carapezza.

The transportation subroutine provides cost estimates for
each oil and gas field assumption considered in the main pro-
gram. Variations of offshore oil or gas field parameters in-
fluence the transportation cost estimates. For example, as
discussed in Chapter 2 an increase in the price of oil in-
creases the total and peak amount of oil recovered from a given
field and thereby raises transportation capital and operating
costs. An increase in the interest rate also can influence
the selection of the oil pipeline system and will raise dis-
counted costs and, accordingly, the average transportation
costs.
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 including patrolling and inspection costs!
Niscellaneous interim pump station s! operating
costs  including overhaul, repair, operating
supplies, etc,!
Pumping energy costs
Storage facility operating costs
Oil heating cost.s

c-
d,
e.

Zn order to estimate the elements of transportation costs
listed above, a number of simplifying assumptions are made to
reflect the interrelationships of the various cost elements.
For example, a pipeline transportation system designed to car-
ry a flow of x gallons of oil per minute could be handled with
a number of different pipe sizes. If a relatively large pipe-
line is used, pressure losses in the pipeline would be small,
and therefore the pumping station horsepower requirements would
also be small. A large pipeline thus reduces horsepower-de-
pendent costs as ld, 2b, and 2c described above relative to
the costs of a smaller pipeline. However, large pipelines
lead to an increase in those costs which depend on the size
of the pipeline, namely, la, Lb, Lc, and 2a.

On the other hand, for a given flow, operating costs al-
ways are higher for a smaller line. The only exception is for
the costs of patrolling, inspecting, and maintaining the pipe-
line and pumping stations. These costs tend to increase with
the size of the pipeline  see table A. 3! .

Oil Field Size and Production Assum tions

The offshore field sizes considered in this study range
up to 600 million barrels of recoverable reserves, Only a
fraction � typically less than one-half -- of the oil in place
is recovered over the life of the field. The exact amount re-
covered depends on the reservoir mechanics of the field, the
price of oil, and related factors. As is discussed in Chapter
2, the field produces oil over a 20-year period. maximum
annual production cannot exceed ten percent of "recoverable
reserves" and is reached during the fourth year of produc-
tion from the field.

The program is designed to choose between two pipeline
sizes so as to pick the system with the minimum, discounted
total casts, with the restriction that the transportation sys-

Clearly a number of transportation possibilities exist,
and in a more specific engineering-economic study other alter-
natives would merit detailed examination within an optimization
context. For the purposes of this study, however, the follow-
ing approach is adopted, The discounted cost of shipping a
given volume of oil via two pipeline sizes is compared for
each field production case, and the lower cost alternative is
adopted in each case. For gas the transportation subroutine
picks the lowest cost pipeline-gas treatment system which can
handle the peak gas flow from the offshore field. Capital
costs are charged to the field when the pipeline, pumping sta-
tions, and storage terminals or processing plants are installed.
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tern must handle the peak volume of production from the field.
The maximum flow in barrels per day  B/D!, then is:

B/D < [RR .1! [358 J+

Thus, once the recoverable reserves  RR! are specified, the
maximum flow in B/D is known. The actual oil flow depends on
the production rate selected in the field representation model
described in detail in the text section.

Ma'or Oil Field En ineerin Assum tions

The major engineering assumptions in table A.l are used
to derive the transportation investment and operating cost
estimates.

Ca ital and 0 eratin Costs for Offshore Oil Trans ortation

Capital cost estimates for selected pipeline sixes and
flow rates are presented in table A.2, and operating costs
are contained in table A.3.

Gas Trans ortation Costs

The gas costs considered in this section include those
from the compressor at the production platform through the
onshore gas processing plant. The major elements of cost for
the gas transportation system considered below are:

Pipeline material
Pipeline coating
Pipeline laying
Compressor equipment at the production platform
and interim stations

e. interim compressor station -- ocean platform costs
f. Onshore gas process plant costs

2. 0 eratin Costs

c ~
d.

The gas transportation cost estimates, like the oil es-

~The pipeline is assumed to be capable of pumping at its de-
sign rate for 358 days per year. For computational purposes
transportation costs are based on flows in gallons per minutes.

a b c
d

Costs for operating and maintaining the pipeline
 including patrolling and inspection costs!
Miscellaneous interim compressor station operating
costs  including overhaul, repair, operating sup-
plies, etc.!
Compression energy costs
Gas gathering and processing costs
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timates, are based on industry cost data and a specific set
of simplifying engineering and production assumptions. The
assumptions are discussed below.

Nonaaecciated Gas Field Size and ProduCtion Assum tions

Offshore gas fields are assumed to contain ncnassociated
natural gas. The size of fields considered ranged from 500
billion to two trillion standard cubic feet  scf! of recov-
erable reserves.

It is assumed, consistent with the discussion in Chapter
2, that the field produces over a 20-year period. The max-
imum annual production is not allowed to exceed ten percent
of the recoverable reserves, although the actual flow from a
field is based on the field production assumptions discussed
in Chapter 2.

The gas transportation program is designed to select the
set of transportation costs for a system that can handle the
maximum flow rate from the particular field being considered.

Ma 'Or Gas Field En ineerin Assum tions

The major engineering assumptions in table A.4 were used
to derive the gas transportation investment and operating cost
estimates.

Ca ital and 0 eratin Costs for Offshore Gas Trans ortation

Capital cost estimates for selected pipeline sizes and
flow rates are presented in table A.5. Operating cost esti-
mates are contained in table A.6.
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Table A.l. Major engineering assumptions for estimating off-
shore oil transportation costs,

10,000'
150-200'

Absolute Kinematic Saybolt
Viscosity Viscosity Density Universal

Tem . Centi cise Centistoke lb ft3 Vise.  sec.!
1200
l50'

52.0
45.0

52.6
51. 8

7.0
5.0

8.0
5.8

Pipeline Characteristics:
Pipe material: Coated, low-carbon steel  API-5 pipe!
Operating pressure:

maximum 2500 p. s. i. g.
minimum 800 p.s.i.g.

maximum elevation head plus valve, bend, fittings, and open-
ing losses = 300' pressure drop

Oil flow velocities considered ranged to 10 ft/sec.
Design flow rates are based on the assumption that oil flows

for only 51 wks/yr.
Engineering calculations for flow rate, pressure drop, and

pumping power required  brake horsepower = BHP! based on
equations in Crane Co. �970!.

Based on the industry "rule of thumb" that there will
be a 1 temperature increase over surface water temperature
per 100 ft. of well depth.

bDensity at elevated temperatures = specific gravity at
elevated temperatures x 62.4. See Crane Co. �970!,

Average Well Depth:
Water Depth Range:
Temperature:

Average temperature of flowing oil: 140'Fo
Average temperature of sur f ace seawater: 40 F

Interim Pump Station  IPS!:
An IPS is required when the oil pipeline downstream pressure

reaches 200 p.s.i.g.  pump efficiency = 60%!
�ajor Crude Oil Characteristics:

Type: 32 degree  API !
Temperature-Viscosity;
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Footnotes, table A.2.

Based on Brubaker �968!, updated to 1973 by using the
offshore pipeline price index in O'Donnell �973, p. 76!.

Judgment, based on platform cost figures discussed in
table 3.1.

Baaed On pump Statian COStS per brake harSepOwer  BHP!
required, calculated at $400/BHP as extrapolated from figures
presented in Crane Co. �970, pp. A-7 and 3-2! at 150'.

dFrom National Petroleum Council �970, p. 7!, average
capital costs for a storage facility are $3-3.50 per barrel
stored. Zt is assumed that the facility allows for 14 days
storage. The amount stored, S, in barrels, depends on the
flow rate from the offshore field, measured in gallons per
minute. Thus:

S =  GPM! �440 min/day! �4 days! �/42!
GPN �80!

Using a per-barrel storage capital cost of $4/bbl in
1973 total storage costs, C, for a given field are:

C = GPM �80! �!
GPN �920!
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Operating costs for selected offshore oil pipelineTable A.3.
system.

�!
Patrolling
Inspecting
Maint. &
Operating
Pipeline
 $ r/mi!

�!
Pump
Station
Operating
&,Maipt.
Costs
 $ r mi!

Shore
Storage
Facigity
Cost

 $/ r>

Pipe Size/
Flow Rate
 in./
 thou.
B D

Pumping
Energy
Costs
 $/ r/mi!

1,890ir310

508352

2, 0401,420

632440

1,580

755

According to Withers �973!, it costs on the order of $775/
mi/yr to maintain, inspect, and operate a 3-in. equivalent, on-
shore pipeline system. The $775 figure was increased by a fac-
tor of 3 for our offshore cost estimate for a 3-in. equivalent
pipe

Includes overhaul, repair, and operating supplies costs
for the interim pump station calculated at $80/BHP from With-
ers �973!.

c Based on the assumption that it costs approximately $.021/
kwh for offshore generators for the pump station. The electric
motor efficiency for the pump drives is assumed to be .85. For
a 24-hour day, 358-day operation, this works out to $115/BHP/yr.

dStorage facility operating costs have been estimated  Na-
tional Petroleum Council, 1970! to be $.05/bbl for maintenance
and $.65/bbl for overhead. This is increased to $.83/bbl to
allow for 1973 costs. As derived in note d, tab3.e A. 1, stor-
age capacity depends on the design flow rate. S = GP34�80!-
Total operating costs for a land storage facility, therefore,
would equal; GP34�80!  . 83! or GPN�00!-

6"/15.4

8 "/15 4

8"/25 7

10"/25.7

10"/41.1

12 "/41. 1

12"/58.3

14"/58.3

14"/72.0

16"/72 ' 0

18"jill 1

18"/145.7

20"/145.7

4,650

6,200

6,200

7,750

7,750

9,300

9, 300

10,850

10,850

12,400

13,950

l3,950

15,550

2,040

1,350

2,170

1,240

1,910

5,460

3r040

2,280

1,085

2,930

1,940

3, 130

1,780

2,7SO

7,850

4,360

3.80, 000

180,000

300,000

300,000

480,000

480,000

680,000

680,000

840,000

840,000

3.,295,000

1,710,000

1,710,000



100

l0,000'
150-200'

Average Well Depth:
Water Depth Range:
Temperature:

Average temperature of flowing gas:
Average temperature of surface seawater:

Interim Compressor Station  ICS!:
An ICS is required when the gas pipeline pressure reaches

200 p.s.i.g.
Gas Characteristics:

Specific gravity
Gas compressibility factor
Pipe material: Coated, low-carbon steel  API-5 pipe!
Operating pressure.

Maximum 1200 p.s.i.g.
Minimum 800 p.s.i.g.

Maximum elevation head plus valve, bend, fittings, and
opening losses = 300 ft

Design flow rates are based upon the assumption that gas
flows for only 51 wks/yr.

Engineering calculations for flow rate/pipe size and pres-
sure drop based upon equations in Crane Co. �.970, pp.
3-2 and 3! and Mouser  l973, pp. 66-67!.

120 F
40 F

0.65
0.95

Table A.4. Major engineering assumptions for estimating off-
shore gas transportation costs.
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Footnotes, table A.5.

Millions of standard cubic feet per day.

Based on Brubaker �968!, updated to 1973 by using the
offshore pipeline price index in O'Donnell �973, p. 76!,

c From National Petroleum Council �973, p. 637! invest-
ment costs for a gas plant for processing nonassociated gas
is $30/103 scf/da.

dCalculated at $300/BHP  O'Donnell, 1973, p. 73!.

Judgment, based on platform cost figures discussed in
table 3-1.
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Table A. 6. Operating costs for selected offshore gas pipe-
line systems

Patrollzngr Compressor
Pipe Size/ Inspecting, Station
Flow Rate 6 Maintaining Maintenance

 MNcf Pipelinea Costs
r da !  $/yr/mile!  $/ r/mile!

Gas Gathering
& Processing

Costsd
 $/ r!

Compressor
Energy
Cos ts

 $/ r/mile!

673470

840587

1,020

1,180

1,35D

1,520

1,680

1,930

700

820

940

1,055

1,175

1,350

2,230

2, 46D

3,210

3r540

4,480

6,420

3, 120

4, 46023,200

~Based on a  conservative! estimate of three times the
on-land figure of $775/yr/mi. of 3-in. equivalent pipe/in'
 Withers, 1973!.

bBased upon $80/yr/BHP  Withers, 1973! .

c Based upon a value of $115/BHP/yr  Withers, 1973! ~

dCosts for nonassociated gas gathering and processing
estimated to be $0.015/Kscf or $15/MMscf  Hational Petroleum
Council, 1973, p. 637!.

14" /4D

14 "/50

14 /60

16 /70

16"/80

18"/90

1'8' /100

20"/115

248/190

24"/210

26"/265

30"/380

10,850

10,850

10, 85D

12, 400

12,400

13,950

13,950

15,500

18,600

18,600

21,500

214rOOD

268,000

322,000

376,DOO

429,000

483,000

536r000

616,000

1,020,000

lr 130 r OGO

1,425,000

2,040,000
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Appendix B: Estimates of Possible Georges Bank Production
and Royalties

This section contains estimates of possible Georges Bank
oil and gas production, revenues and royalties for the high-
and low-find and high- and low-price study assumptions. The
value of production and royalty estimates contained in this
appendix were used as inputs into the regional model, as de-
scribed in Chapter 4.

Two major find possibilities are postulated. In the high-
find case, Georges Bank is assumed to contain recoverable re-
serves of three billion barrels of oil and ten trillion cubic
feet of gas, while in the low-find case reserves are 400 mil-
lion barrels of oil and two trillion cubic feet of gas.

As described in Chapter 2, an expected higher oil or gas
price leads to additional field development activity and ad-
ditional reserves. The high oil and gas prices used in the
study are $9/bbl and $.95/14cf and the low prices are $6/bbl
and $.75/Ãcf. The field supply elasticity response is set at
.25, so that as the expected price of oil increases from $6
to $9, the planned amount. of oil production increases by 12.5
percent. Similarly, as the expected price of gas increases
from $.75 to $.95/Mcf, additional field development takes
place, and the amount of gas produced fran a field increases
by 6.6 percent,

GeOr es Bank Oil and Gas Production Revenue and Ro alt
Estimates

Reproductions of the printouts for each Georges Bank oil
and gas find case are presented below. Each case lists the
ma!or assumptions used. For example, the first case is the
low oil find, 400 million barrels.* There are two separate
fields, each with 200 million barrels of oil, and following
the discovery-development assumptions discussed in detail in
Chapter 2, both fields are discovered in the first year after

"Hate that on the printout sheets the notation E followed by
a number indicates 10 raised to the power of that number, e.g.,
E 09 = 109. The number .4 E 09 is read ".4 times 109," which
equals 400 million. As another example from the first print-
out, .2398 E 10 = 2.398 billion.



a lease sale. The price is $6/bbl, Offshore activity takes
place over a 24-year period, and company revenue OVer the
life of both fields is $2.398 billion. Royalty payments,
bas& on the value of production at the wellhead, total $362.3
million over the 24-year production period.

The second case presented is the same low-find oil case,
but now the price is $9/bbl. Following the study assumptions,
the amount recovered increases, and total oil revenues and
royalty payments  as weLl as cash bonus payments, not shown
here! increase correspondingly. Other oil and gas find-
price combinations are presented below.
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reserves, production, and royalties.Possible Georges Bank oil

in basin = 0.4000E 09
per field = 0.2000E 09

2
discovered each year = 2

Recoverable reserves
Recoverable reserves
Number of oil fields
Number of oil fields
Price of oil = $6,00

CL! 687 17 V
0 ~ G
C.C
O.G
0.0
0 ' 74CCE C7
0 ' 1480f GB
Ger.??CE 08
0 2960F 08
0~2460E GR
CD 2960F CB
0.2960F OR
0.296CE 08
0 ~ 296CF 08
C.295GF 08
0. 2691F 08
0 ' 2422E CB
0.215 F Ce
0.1HR4F CB
0 ~ 1615E CB
0.1345E Ce
G ~ 1076E Qe
0 ~ 8073F 07
0 ' 53828 C7
C. 269 1F 07

++T�TALS++ 0.3996E 09 0.3623E 0<CD 239BE 10

PER 100
L

2 3
4 5
6 7

9
LC
11
12
13
14
15
16
17
18
19
20
21
22
23
24

REvENUE
C.C
C.C
C.C
CI C
C ~ 4440F
c. Beecf
C. 1332E
G 1776F
G. 1776l
C. 1 776F
0 1775F
C. 177 -F
0, 1776F
C. 177  F
C. 15»E
C+1453E
C ~ 129ZE
C. 113uE
C. r. 6! TF
0, HG 73F
0.6458E
C. 4F44E
C ~ 3Z?9i
Co 161 5F

CR
0»
Cr
Cr,
CG
C9
GU
C9
Cr
r 9
C9
C9
Gc
Cr,
Ce
CR

r 8

C cl

I ~ CV,VI l Y

C.C
l. 0
E' ~ 0
C.   7 l OF OT
C', 1 "I 4? f
C ~ zc I f C6'

2 6 I'I c F
0 ~ 26�F OF
0,7684F CR
G.2584E GH
CD 2654c GB
0,2684 ce
0 ' ?RI14= Ce
0 ?44C= Cf'
c.?196F ce
0,195!F CR
C 17CFF CB
i. 14645 Ce
G. 1220! Ge
 '.,9759F C7
G.73!OF C7
0.48RCE
0.244 G'E C7



108,

reserves, production, and royalties.Possible Georges Bank oil

in basin = 0.4000E 09
per field = 0.2250E 09

2
discovered each year = 2

Recoverable reserves
Recoverable reserves
Number of oil fields
Number of oil fields
Price of oil = $9.00

C � ,N T 1 T V
G.O
Cop
0.0
0 ~ 0
P,R'25' G7
O. 166 5E CB
0 ~ ?.497F Cd
C.333PE CA
0~333JF CB
0.3330F C8
0 ' 333CF 08
0.33~OE CH
C.333PE CA
0 333CE CB
0.3G2 7F CB
G ~ 2724E 08
C 2422E OA
0 211<F 08
0,181oF CB
0.1514F 08
0 ~ 1?11F G8
0 e908?F 07
0.6054F 07
0 ~ 3027F 07

++TCTALS+s 0.6371E 090 4046' 1 ,0-4495F G9

PER[�0
1

2 3
4 5

e 7 8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

8 f VF X  F
C.C
C.C
C.C
C.P
i'. 749?f CA
 !, l 4 l  , l J 9
C.?? 4 'F 09
0. 2»97F 0 "i
G. 299 7F 0 9'
C,?Bi<7< Ci "i
C 2997F C'
C.? "9 78 09

2997»8 Pc
C ~ ? 99 'I-  i Bi
0 2724F C'l
G ~ 2 452 F C'i
0?18 F 09
C 1907F 09
C �39<   9
C.�6?F

1.39CE 0»
C ~ !173E CE
C i449R OA
C. 2724F Cd

 -' 1 i:,  E Y
1,  '.
i.p
C.C
C. C
 ' ~ 1 I l 0 O  '

CR
 i ~ 3 5 3 9r F 0  i
C.47 ~E CC
0 4 719F OA
0 4 7 1 <F OQ

471'. l. f 
0.4 Il'.8 08
0 ~ 4  �~ 
0 471

G. 3 �1~
0 >i 3?E J! 
C.3 ;PRE CA
0 ~ 2. 7'iF C '
0 214 0F OA
0 ~ 17 1 uF C i
0.1?.87~ C  
C A 5805 J7

429 'r- 0 7



royalties.reserves, production, andPossible Georges Bank oil

Recoverable reserves in basin = 0.3000E 10
Recoverable reserves per field = 0.2000E 09
Number of oil fields = l5
Number of oil fields discovered each year = 2
Price of oil = $6. 00

0 ~ 1798E 1 1 0 ~ 2717E 100 ~ 2997'E 100+TOTALSe~

PER/00
1
2

4 6 7 8
10
IL
12
13

I'5
16
IT
18
TS
20

22
23
24
25
26
27
28

30
31

PUANT 1 TY
Qe0
Q,O
0 ' 0
0 ' 0
TJ.7%008 OT
0 ' 2220E 08

'&e9%%DE 08
0 7400E 08
O'. TTT388'
0.1332E 09
t7 Tl52SF '09'
Oe 1887E 09
0 ~ 2OT28 09
0 ~ 2183E C9
Oe 2VF3Z:
0 ~ 2 1 39E 09

0.195LE 09
O' TSI88 0%
0 ' 1655E 09
0 T%8TE' 09
0.12658 09
0. TO%38
0.8611E 08
0 ~ 85958' 08
0 ~ 4844E 08

08
0 ~ 2153E 08
e.~ 08
Oe 5382'E 07
'0 ~ T3%9r

REVENUE
'0e0
C ~ 0
0 ~ l7
0 0
0 ~ %%%0E 08
O. 1332E 09
0 e~8%E 09
0 ' 4440E 09
ITee~& 09'
0 ~ 7992E 09
I~i 88
0 ~ L132E 10

%~ac
Oe 1310E 10
~eK
Oe 1284E 10

We F2358 rlT
Oe 1171E 10

e IT
Oe 992 9E 09
1~5998
Oe 7588E 09
0. e3TTE 0 e
Ce 5166E 09

29
0 ~ 2906E 09
Ctsal~
0 ~ 129 2E 09

8e58 08
0. 3229E CS

07

ROYALTY
C 0
0 ~ 0
0;0
Oe0
< e STICK 'OT
0 2013E 08
0 ~ 4026E 08
0.671OE 08
0.~ Ãt
0- L208E 09
0. L%78E
0.1711E 09
0. 2879K 09
O. 1979E 09
'0 ~ C%88E 05
0 ~ 194OE 09

09
Oe 1769E 09
0 ~ 18%78' 09
0.1501'E 09

0 ' 1147E 09
0 ~ 4834K
0. 7807E 08

08
0 ' 4392E 08

cs
0 ~ 1952 E 08
0 ~ 10988 88
0 ~ 4SSOE 07
e. r220t 0T
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Possible Georges Bank oil reserves, production, and royalties.

in basin = 0.3000K l0
per field = 0.2250E 09

15
discovered each year = 2

Recoverable reserves
Recoverable reserves
Number of oil fields
Number of oil fields
Price of oil = $9. 00

l3 e'Z~ 09
1 ' 2016E 09

i95E OV
Oe 1373E 09

I5TE
0 ' 7722E 0$

08
0~ 3432 E 08

93K 08
0 ' 8580E 07
~e~ OY

0 ~ 3372F 10 0 ~ 3034E 11 0 ~ 4778E LO~ +TOTAL56+

PERIOD

2 3

6

T 8
10

n 12
I3

I5
16
17
18
PJ
20
ZL
22
23
24
Z5
26
Z7
28
29
30
SI

QUhN T IT Y
O.a
0.0
0;O
0 ~ 0
LL.~ 07
0 ' 2497E OB
~I~iT IL8
Oe 83258 08

'5F LT9
0 ~ L49RE 09

~ J9
0 ~ 2123E 09

W Z33IE J9
0 ~ 2456E 09
U. ZVF7E
0 ~ 24C7E 09
l7++TEF
0.2195E 09

Wi 3E QV
0. 1862E 09

5%OF
O. 1423F 09
IL,TIVE 09
0.9687E Oe
U~T7E 08
0 ~ 5449E 08

TETE 08
0 2422E 08
~o%2E 08
0 ~ 6054E 07

5T%E 07

R E V E LI| UE

O,C

0 ~ 0
U 7V72E ULL
0 ~ 2248E 09
~i~ 'UI1
0 ~ 7492E 09

%VF
0 ~ 13498 1 0
~eiTEE TO'
Oa 1911E 10

IBE TO
O. 2210E L 0

Z7UT.
0 2166E 10

0 L975F 10
TREE TLI

0.1676E 10
P35F TQ

CD 1281E 10
OUI TO

0 ~ 871 8E 09
vMii8EE 09
0 ~ 4904E 09

iT '79
0 ~ 2180E 09

0 ~ 5449E Oe
IZE 08

ROYALTY

0 ~ 0
OV!
0 0
~e TILDE J8
0 ~ 3539E 08

OLL
OsLLBOE 09

I"5FF J9
Oa2124E 09
~s.ivy JII
0 3008E 09
Mi 33U3'E 09
0 ' 34BOE 09
TL ..SPIKE UV
0 3411E 09
TL ~ .r282E
0 ~ 3110E 09
~eZLLVKE 09

26 38E 09



Possible Georges sank gas reserves, production, and royalties.

in basin = 0.2000E 13
per field = 0.1000E 13

2
discovered each year = 1

Recoverable reserves
Recoverable reserves
Number of gas fields
Number of gas fields
Price of gas = $0. 75

0 1498E 10 0 1689E 090 199SE 134+TOTALSee

PERI00

1 2 3
5

6 7
8
9

10
ll
12
13
14
15
16
17
18

20
21
22
23
24
25

QuhNTtTY
neo
0 0
0 ~ 0
0 0
0.1B50F f I
n. 5550F 11
0.9250E 11
O. 1295F 12
n.148OF 12
0 149OF 12
0 1430E 12
o. 1480E 12
0 ~ 148 0F 12
0 ~ 1480F 12
0. 1413E 12
O.l? r9E 12
0.1144E 12
O. IOO9F 12
0 8 745 E 11
0 7400'F 11
0.6054E 11
0 4709E Il.
0.3364E ll
0 701 8E 11
0.6727E 10

RE VE NUE
0 ~ 0
0 0
0 ~ 0
0 0
0. 1? 87F 08
0.41628 08
0 6937F 08
0 ~ 97125 08
0 ILLOc 09
0 ~ I I LOF 09
0 ~ I 110F 09
0 11 LGF 09
0 ~ I I LOE 09
0 Illoc 09
0 ~ 1060F 09
O. 9586F OB
0 8577F 08
0 7568F 08
0 6559c Os
0 5950E GB
0 4541E 08
0 3532E OS
0 2523E 08
0 1514E 08
o.5n45E o7

R0YhLTV
0 ' 0

~ 0
0.0
0 ~ 1564E 07
0 ' 4697E 07
0 782 1F 07
0 ~ 109 5E 08
0 1251E 09
0. 125 1 E 08
0 ~ 1251F 09
0-1251E 08
0 ~ 125LE 08
0 125 LF 08
0 1194F 09
0. 1081E 08
0 9669F 07
O. 953? F 07
O. 7394F 07
0 ~ 6757E 07
OI 5119F 07
0. 398 IF. 07
0 ~ 2844E 07
0 L706E 07
0.56BBF 06



112

Possible Georges Bank gas reserves, production, and royalties.

in basin = 0.2000K 13
per field = 0.1067K 13

2
discovered each year = 1

Recoverable reserves
Recoverable reserves
Number of gas fields
plumber of gas fields
Price of gas = $0.95

++TOTALS++ 0+2025E 10 0 ' 2464E 090 ' 2131E L3

PERIOD
1

2 3
4 5

6 7 8 9
10
Ll
12
13
14
15
16
17
18
L9
20
21
22
23
24
25

QUANTT TY
0,0
0 ~ 0
0 0
0 ~ 0
0 1973K 11
0 592OE 11
0 9866E 11
0 1381E 12
0.1579E 12
0 1579E 12
0 1579'E 12
O. 1579E 12
0+1579E 12
O. L579E 12
0 ~ 1507E 12
0 1363E 12
0 122OF. 12
O. 1076E 12
0 ~ 93?8E 11
0 ' 7893E ll
0 ' 6458E 11
0 5023E 11
0 3588 E 11
0 ' 2153E 11
0~7176F 10

RE VEtYVE
0iO
0 ' 0
0 0
0 0
0 1875F 08
0.5624E 08
0 9373F 08
0 ' 1312F 09
0 1500E 09
0 ' 1500F 09
0 ~ 1500F 09
0 LSOOE 09
0 1500F 09
0 1500'E 09
0 1432E 09
0 1295E 09
0 ~ 1 159E 09
0 ~ 1023E 09
0 ~ 8862E 08
0 ~ 7499E 08
0 6135E 08
0 ' 477ZE 08
0 ' 3408E 08
0 ~ 204 5E 08
0 ~ 6817E 07

R LOYAL TY
0 0
0 ~ 0
O.O
040
0 Z282F 07
0. 6845E' 07
0 1141E 0$
O. 1597E 08
0. L825E 08
0 1825E 08
0. 1825E 08
0,1825E 08
0 1825E 08
0.1825E 0$
0. 1742E 05
0 1576E 08
0 1410E 08
0 1245E 08
0 1 079E 08
0 9126E 07
0 7467E 07
0 5BOBF. 07
0 ~ 4148E 07
0 248'9F 07
0.8297E 06



Possible Georges Bank gas reserves, production, and royalties.

Recoverable reserves in basin = 0»1000E 14
Recoverable reserves per field = 0.1000E 13
Number of gas fields = 10
Number of gas fields discovered each year = 1
Price of gas = 80.75

0.8532E
0 ' 5688E
0 ~ 3413E

07
07
07

0 ~ 1706E
0»5688E

07
06

G»999OE 13 0 ~ 7492E 10 0 8446E 09+4TOTALS++

PER IOO
1

2 4 5 7
9

10
11
12
13
1'4
L5
16
l7
Le
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33

OUANT1TY
0 ~ 0
0 ~ 0
0.0
0 0
0.1850E 11
0,55508 11
0 1110'E LZ
0 ~ 1850E 12
O. 259OE 12
0 3330E 12
0 407OE 12
0 ~ 4810E 12
0» 5550E 12
0 ' 6290E 12
0.677eE 1Z
0 7013E 12
0» 6996E 12
0 ~ 6727E 12
0 ' 6391E 12
0 5937E 12
0 5516E 12
0 4978E 12
0 ~ 4373E 'l2
0,37OOE 12
0.3027E 12
0 24ZZE 12
0 92884E 12
0 ~ L413E 12
O.L009E 12
0 ' 6727E 11
0.4036E 11
0»20L SE ll
0.6727E LO

REVENUE
0 0
0 0
0 0
0 ~ 0
0 1387E 08
0 4162E 08
0 ' 8325E 08
0 ~ 1387E 09
0 ~ 1942E 09
0 249TE 09
0 ~ 3052E 09
0 3607E 09
0.4162E 09
0.4717'E 09
0. 5083E 09
0 526OE 09
0 5247E 09
0.5045E 09
0.4 793 E 09
0 ~ 449OE 09
0.4'137E 09
0 ~ 3734F 09
0»3279E 09
0 ' 2775'E 09
0 22 TOE 09
0 1816E 09
0 1413E 09
0 1060E 09
0 ' 7568E 08
0 ' 5045E 08
0»3027E 08
0 1514E 08
0»5045E 07

ROYALTY
0 0
0 0
0.0
0 ~ 0
0 ~ 1564E
0 ' 4692E
0 ' 9385E
0 ~ 1 564E
0 2190E
0.28158
0 ~ 3441E
0 ' 4067C
0 ' 4692E
0 ' 5318E
0 5730E
0.5930E
0 591 5E
0 ' 56885
0 5403E
0 ' 5062E
0 ' 4664E
0 4209F
0»369TE
0 3128E
0 2560E
0 ' 2048E
0 ' 1593E
0 ~ 1194E

07
07
07
08
08
08
08
08
08
08
08
08
08
08
08
OB
08
08
08
De
DB
08
08
08



114

Possible Georges Bank gas reserves, production, and royalties.

in basin = 0.1000K 14
per field = 0,1067K 13

10
discovered each year = 1

Recoverable reserves
Recoverable reserves
Number of gas fields
Number of gas fields
Price of gas = $0.95

0 ' 3229E 12
0 2583E
0 2009E
0 1507E
0 L076E

12
12
L2
12

0~7176E
0 ' 4305E LL
0 ~ 21 53E
0~7176E 10

+'+TOTALS+4' 0 ~ 1066E LC 0 1012E LL 0 ~ 1232E 10

PERl VO
I

2 3 5
6 7
8
9

10
ll
12
13
14
15
I6
17
18
19
20
2l
22
23
24
25
26
27
28
29
30
31
32
33

QUANTITY
0.0
0 ~ 0

0 0 ~ 0
0 1973E
0 5920E
0 LL84E
0 1973 E
0 ~ 2763C
0 ' 3552C
0. 4341E
0 513IE
0 5920E
0 ' 6709E
0 7?29E
0,748IE
0 7463E
0 7176 E
0 6817E
0 6386E
0,5884E
0 53IOE
0 ' 4664E
0 3947E

11
tl
12
12
12
12
12
L2
12
L2
12
IZ
12
L2
12
12
L2
12
12
12

R'E VE NUF
0.0
0 ' 0
0 ~ 0
0 0
0. 1875E 08
0 5624E 08
0 1125E 09
0. 1875E 09
0 2624E 09
0 3374E 09
0 4124E 09
0 ' 4874E 09
0.5624'E 09
0 6374E 09
0 6 86 8E 09
OI7107E 09
0 7 090 E 09
0 ~ 6817E 09
0.6476E 09
0.6067E 09
0 ' 5590E 09
0 ' 5044E 09
0 ~ 443 IE 09
0 3749E 09
0 306BE 09
0.2454E 09
0 1909C 09
0.143ZE 09
0. 1 023 E 09
0.6817E 08
0 4090E 08
0. 2045E 08
0 6817E 07

ROYALTY
0 ~ 0
0 0
0 ~ 0
0 0
0 2282C 07
0 6845'E 07
0 1369E 08
0 2282E 08
0. 3194E OB
0.4107C 08
0~50L9E 08
0.5932E 08
0 6 845 E 08
0.7757C 08
0+8359E 08
0 8649E 08
0 ' 8629E 08
0 8297E 08
0~7882E 08
0 7384E 08
0 6803E 08
0 6140E 08
0 5393E 08
0 ' 4563E 08
0 ~ 3733 E 08
0 2987E 08
0 ' 2323C 08
0.1742E 08
0 1245'E 08
0 ' S297E 07
0 ' 4978E 07
0 2489E 07
0 8297E 06




