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Honorable Nelson Rockefeller

President of the Senate

Washington 20510

Honorable Carl Albert

Speaker of the House of Representatives

Washington 20515

Gentlemen

write in response to the Congressional mandate expressed in Title III
Section 302 of Public Law 93153 entitled The TransAlaskan Oil

Pipeline Authorization Act That section directed the Secretary of

Interior to investigate and report to the Congress concerning the

feasibility of one or more oil or gas pipelines traversing Canada from

the North Slope of Alaska tc the lower 48 States

Subsequent to the passage of that Act proponents for two competing
natural gas transportation systems filed applications with the Federal

Power Commission for certification to transport North Slope natural gas
to the lower 48 States One project contemplates pipeline through
Canada and the other would utilize an Alaskan pipeline/cryogenic tanker

system The latter system would transport gas across Alaska by pipeline
pressurize it at an Alaskan port and then transport it as liquid natural

gas in tanker system to west coast facilities In addition to the

foregoing the proponents of the TransCanadian pipeline have filed appli
cations with the Department of the Interior for the requisite rightsof
way across Federal lands No rightofway application has been received

by this Department for the transAlaskan proposal

It was the consensus that meaningful basis for the study directed by
PL 93153 would be study predicated upon an analysis of two

hypothetical competitive delivery systems similar in certain respects
to those specific proposals referred to above

am enclosing study which has served as basis for the conclusion as

to feasibility which express below This study is work product pre
pared under the lead supervision of the Department of the interior The

section relating to national security was prepared by the Department of

Defense the section which considers international factors was prepared

by the Department of State and the section which considers financial

constraints was prepared by the Department of the Treasury
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AMERCAS

ENERGY

Lng Cb



This study does not deal with environmental considerations its primary
orientation is toward matters involving technical and economic

considerations The Department of the Interior has also prepared
draft environmental impact statement which has as its primary subject
the transCanadian pipeline rightofway applications This draft EIS

has been released to the public Not until the final EIS has been

completed released and analyzed will the Department of the Interior be

in posture to consider and act on the pending rightofway applications

for the transportation of North Slope natural gas

On the basis of all information now available to me have concluded

that both hypothetical systems discussed in the accompanying study for

the transportation of North Slope natural gas are economically and tech

nologically feasible subject however to consideration of the environ

mental impacts disclosed by the final EIS My conclusion in this respect

is based on factors which are known as of the time of this writing
would emphasize however that the proposals which have been under con
sideration are an amalgam of many complex technological econoinic and

political factors many of which are of course subject to change This

may require ongoing analyses which would supplement and possibly modify

conclusions in the enclosed study as well as to some extent my present

conclusion of economic and technical feasibility herein expressed

Stçicerely yours

Secretary of the Interior

Enclosure
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SUMMARY FINDINGS

Background

Following the discovery of natural gas at Prudhoe Bay in

Alaska in 1968 number of proposals were made by private
industry to transport this natural gas to lower 48 markets
consortium of American and Canadian companies called the Arctic
Gas Study group has proposed to build an all pipeline system from
Prudhoe Bay east across the North Slope of Alaska to the

Mackenzie Delta area of Canadas Northwest Territories and then

south to the lower 48 States This system would also carry gas
from discoveries made in the Mackenzie Delta and Beaufort Sea

areas Mackenzie Delta gas would be removed from the system in

southern Canada and carried by existing pipelines to Canadian
markets North of Calgary the system would split with one line

extending through the Midwest as far as Pennsylvania0 The other

one or possibly two lines would go west to California this
portion of the system is under review by the sponsors and the

system is being altered in supplements to the application The

second system was proposed by the El Paso Alaska Company and

would be combination of trans-Alaska pipeline and liquified
natural gas tankers delivering gas to the Pacific Coast and would

carry only Alaskan gas Other regions which may have purchased
Alaskan gas would receive their gas through the implementation of

displacement plane

In Title III Section 302 of the TransAlaska Oil Pipeline
Authorization Act PL 93-l53 Congress foresaw the need for

Government decision on transportation system for Prudhoe Bay
gas and directed the Secretary of the Interior to study the

feasibility of pipelines from the North Slope through Canada to

the United States This report was prepared to assist the

Secretary in fulfilling the mandate of Title III In order to

carry out this mandate it was determined that the best approach
would be to study specific examples of transCanada systems
Additionally the feasibility of transAlaska pipeline and LNG

carriers delivering gas to the Pacific Coast was examined The

systems selected for study are hypothetical systems and are

similar to but have some features very different from the

proposals by Arctic Gas and El Paso



Ihe specific system chosen to be the Base Case AlaskaCanada
System is different from the Arctic Gas proposal in three

important ways First it is designed for flows of gas different
from those assumed by Arctic Gas After considerable study of

both Prudhoe Bay and the Mackenzie Delta it was determined that
the flows given by Arctic Gas in the Schedule of its

application to the FPC are too pessimistic for Prudhoe at least
in the later years and too optimistic for the Mackenzie Delta in

the early years Second it was determined that transCanada
system terminating in the Midwest could deliver gas to most other

regions through displacement plan and thus avoid the need to

build costly pipelines to other regions The obstacles to the

use of large scale displacement plan are primarily legal
difficulties and regulatory problems Third the proposal by
Arctic Gas to construct its system in the Arctic regions entirely
in the winter using roads and work pads made from snow was judged
to be risky At minimum some gravel will be needed as backup
to snow for construction of pads and roads in the event snow is

not available Therefore in the Alaska-Canada System the cost

of this gravel was included in estimates of capital costs
Several variations of transCanada systems were studied
including route south of the Arctic Wildlife Range route
following the Alcan Highway that would not carry Mackenzie Delta

gas and system that did include pipelines to the West Coast
and the East similar to that proposed by Arctic Gas

In order to fully assess the feasibility of transCanada

gas pipeline one must also examine the other major alternative
which is trans-Alaska pipeline combined with ocean-going
transportation as has been proposed by the El Paso Alaska

Company Various examples of transAlaska system were studied
The Base Case AlaskaLNG System is similar to the El Paso

proposal but is different in three important ways First the

route of the pipeline in Alaska is different The pipeline is

assumed to be placed next to the work pad constructed for the

transAlaska oil pipline on the side opposite the oil pipeline
over most of its length This is likely to be the optimal
location because it would minimize environmental damage and allow
the use of information experience and facilities from the oil

pipeline One question not completely answered however is the

risk of damage to the oil pipeline If this route is not

possible then route similar to that proposed by El Paso could
be used The Base Case cost estimates would not be increased

significantly as result Second as in the case of the

AlaskaCanada System gravel is provided as backup to snow for

extension of the oil pipeline work pad and for roads Third the
flow of gas from Prudhoe Bay assumed by El Paso was judged to be

too high for the earlier years

The other version of the transAlaska system studied is

called the Optimized AlaskaLNG System and is based on recent



design introduced by El Paso for the liquefaction systems The
design substantially reduces the use of gas to power the various
components of the system Though time was not available to
verify with complete certainty that this system is feasible it
is likely that such system could be constructed would result
in lower gas fuel usage but would be more complex to construct
and operate

The section of this report on United StatesCanada foreign
policy was prepared by the Department of State the section on
national security was prepared by the Department of Defense and
the analysis of financing issues and problems was prepared by the
Treasury Department There are many factors not yet fully
understood new developments are occurring constantly and new
information is becoming available concerning this issue of
Alaskan natural gas transportation systems Some issues needing
further study include the risks of winter construction the
feasibility of reducing the gas usage in the liquefaction system
the risk of placing the transAlaska gas line next to the oil
line the feasibility of snow roads and snow work pads and
potential gas reserves on the North Slope of Alaska and the
Mackenzie Delta The Department of the Interior will continue to
study and analyze these and other issues as they become known

El Paso Alaska has submitted an application to the Federal
Power Commission The Arctic Gas Study group has subTaitted
applications to the Federal Power Commission the Department of
the Interior and the National Energy Board of Canada There is
also an application before the National Energy Board to build an
all-Canadian pipeline called the Foothills Pipeline or Maple
Leaf Project to carry only Mackenzie Delta gas to Canadian
markets The Federal Power Commission has begun hearings on
these applications and may be able to reach decision by late
1976 or early 1977 The National Energy Board began hearings in
late October and the Canadian Government may be able to reach
decision at about the same time as the Federal Power Commission

When these two regulatory agencies have reached their
decisions the issue may not be resolved for four reasons
First the two agencies may produce contradictory decisions For
example the Federal Power Commission could decide in favor of
the Arctic Gas System while the National Energy Board could
decide in favor of the Foothills Pipeline which would in effect
void the Federal Power Commissions decision Similarly the
National Energy Board could decide in favor of the Arctic Gas
application and the Federal Power Commission in favor of the El
Paso application which would in effect void the decision made
by the National Energy Board

Second decisions made by the Federal Power Coiamission are
subject to court review This may result in long delays as the



decision is appealed in the courts and the courts may send thedecision back to the Federal Power Commission for additionalhearings on the matters judged inadequately analyzed Also theadequacy of the environmental impact statement prepared by theFPC or Department of Interior may be challenged in the courts

Third in the case of the AlaskaCanada System there isalso the question of whether or not construction could beginuntil transit pipeline treaty wit1 Canada or protocol dealingspecifically with the AlaskaCanada System have been agreed uponThe State Department expects to conclude negotiati5 fortreaty shortly If after analysis of the provisions of thetreaty it is deemed necessary that specific protocol benegotiated discussions with Canada would be sought promptlyArranging financing may be difficult for the AlaskaCanada Systemuntil the uncertainty over treaty and protocol is resolved

Fourth whether or not totally private financing isachievable will remain matter of speculation until one of theprojects is selected and its sponsors are able to furtherdetermine the capabilities and intentions of the potentialfinancial participants and the conditions under which the projectwould be constructed and operated While it is premature toreach definitive assessment on whether or not some Governmentsupport may be necessary the project sponsors may ultimatelyseek U.S Government assistance if private financing cannot bearranged In considering any such request there are number ofvery difficult issues which must be addressed by both theexecutive branch and the Congress

Supply of Alaskan Natural Gas

Proved recoverable reserves of natural gas at Prudhoe Bayare 26 trillion cubic feet TCF On the basis of reservoirsimulation model of these reserves natural gas could be producedfrom the early l98Os through at least the end of the century atan annual rate of .913 TCF per year or at rate of 2.5 billioncubic feet per day BCFD This production would equalapproximately percent of 1975 national consumption of naturalgas In order to produce this gas the oil companies at PrudhoeBay would have to spend an additional $3.8 billion for fielddevelopment above and beyond the $8.2 billion that would have tobe spent to produce only the oil from the reservoir Theadditional expenses are primarily for the gas wells that must bedrilled the gas treatment facilities and for considerabledegree of secondary recovery using water injection to produce theoil To cover this increase in expenses the oil companies wouldhave to receive at least $0.47 per MCF for the natural gas on thebasis of pretax cost of capital to the oil companies of 10percent



considerably higher price for the Alaskan natural gas
could be justified for at least two reasons First of all the
oil companies would be relatively indifferent as to whether or
not they produce the natural gas for sale into pipeline at
price of $047 per MCF and consequently would have very little
incentive to explore for additional natural gas in the North
Slope area or to help in the development or financing of
transportation system Second this calculation of the unit cost
of gas was based on the historical cost of capital for the oil

companies excluding the effects of inflation If investors
anticipate high future rate of inflation the actual cost of

capital to the oil companies may be much higher which would
result in higher unit cost of producing the natural gas

In addition to the proved reserves at Prudhoe Bay prospects
are favorable for additional discoveries in the near future On
the basis of estimates of probable and possible reserves it is
likely that new discoveries will increase the daily flow from 25
BCFD to approximately 35 BCFD by the mid l980s

Because the system proposed by the Arctic Gas Study group
and the AlaskaCanada System studied in this report will also

carry Mackenzie Delta gas it is important to know the gas supply
potential of the Mackenzie Delta in order to fully understand the
economics and feasibility of this system Currently proved
reserves at the Mackenzie Delta are adequate to produce less than
05 BCFD over 2O-year production period On the basis of
estimates of probable and possible reserves this rate of

production would increase to approximately 09 BCFD by the mid
1980

System Costs and Description

The two Base Case Systems studied in this report are similar
but not identical to those proposed by the El Paso Alaska Company
and the Arctic Gas Study group Both Base Case systems were
designed to carry flows of gas different from those assumed by
the two applicants The AlaskaCanada Base Case System studied
here does not assume that pipelines will be built from Canada to
the West Coast or beyond Chicago to Pittsburgh as has been
proposed by the Arctic Gas Study group Also the transAlaska
pipeline portion of the Alaska-LNG System is assumed to be
located over most of its length adjacent to the Alyeska work
pad on the side opposite the oil line in order to use the
experience and information available for this route and because
of the reduced environmental impacts that would probably result
The system proposed by El Paso is located on separate
right-ofway

All systems studied are designed for flow of gas from
Prudhoe of 25 BCFD commencing midl98l and increasing to 35



BCFD at the beginning of 1985 In addition the various versionsof the AlaskaCanada System with the exception of theFairbanksA1can Highway route transport 05 BCFD from theMackenzie Delta in mid1980 increasing to 09 BCFD at thebeginning of 1985 The line from Mackenzie Delta south would becompleted one year earlier than the rest of the system
In first quarter 1975 prices the total capital costs of theBase Case Alaska-LNG System would be $7.0 billion and costs forthe Base Case AlaskaCanada System would be $7.1 billion Theseestimates exclude any interest or finance charges all taxes withthe exception of Canadian import and sales taxes insurancecosts and reserves for contingencies The share of capitalcosts for the AlaskaCanada System paid for by the United Stateswould be $6.2 billion on the basis of the MCFmile costallocation method Operating expenses for the AlaskaLNG Systemwould be higher than for an AlaskaCanada System because of theexpenses associated with the liquefaction facility on Alaskassouth coast In the Base Case for each system the time fromgo-ahead to the initial flow of Alaskan gas is approximatelyye

To build an additional pipeline to California and beyondChicago to Pittsburgh similar to that proposed by Arctic Gaswould add almost one billion dollars to the cost of theAlaskaCanada Base Case System route south of the ArcticWildlife Range would add $500 million in costsFairbanks-Alcan Highway routing of the AlaskaCanada Systemwithout spur to pick up Mackenzie Delta gas has capital costsof $6.5 billion The estimate of the costs of this route areless precise than for the others

The amount of gas measured in BTUs used to power thevarious components of the system shrinkage in the earlier yearsat the lower flow rates would amount to 64 percent of the inputgas for the AlaskaCanada System and 110 percent for theAlaskaLNG System In the later years at the higher flow ratesthis would be 104 percent for AlaskaCanada and 124 percent forAlaska-LNG El Paso has recently introduced new design for itsliquefaction system which is likely to reduce the shrinkage to85 percent in the earlier years and 99 percent in later yearsThe Alaska-LNG System will also use additional energy in the formof electricity and fuel oil which is equal to less than onepercent of the energy content of the input gas

Table 22 in the main body of the text gives summary of thecosts shrinkage and other important characteristics of each ofthe routes or systems studied For convenience this table isrepeated here



Table 22.Summary and comparison of alternative Alaskan natural
gas delivery systems

TOTAL
TOTAL ANNUAL CANADIAN

CAPITAL 089 SHRINKAGE-BTU TAX COST NNEB

____
SOSTEM DESCRIPTION millions millions millions millions

81 -84 85-2000 85-2OOO
BASE CASE 100% flow 7117 38 77 6.4 10.4 1930 8729

ALASKA-CANADA to Midwest 6188 33 67
U.S share of BASE CASE MINUS 7102 38 77 64 10.4 1930 8737

Canadian Costs DISPLACEMENT COSTS 6173 33 67
is 0.82 GAS FLOW 75% TO 8880 42 85 7.2 12.5 2079 7757

MIDWEST AND EAST 7076 37 75
25% TO WEST

BASE CASE 100% flow

to_West
7023 109 149 11.0 12.4 -- 7803

ALASKA LN
BASE CASE MINUS

DISPLACEMENT COSTS
6431 109 149 11.0 12.4 -- 8129

BASE CASE WITH

LOWER LNG SHRINKAGE
6971 109 149 8.5 9.9 -- 8281

PIPELINE RBANKSj_f 28 50 5.4 9.5 1692 9036

WILDLIFE RANGEJ 33 6fl

U.S share only in 1975 dollars assoming 7T inflation rate after 1981
NOTE Figures in parentheses are U.S share of Costs

Canadian Tax Costs

From the point of view of all American citizens U.S taxes
are not cost of either transportation system though consumers
of Alaskan natural gas will have to pay transportation charge
for this gas that will cover both American and Canadian taxes
Though American taxes will be paid by gas consumers these taxes
will be used to provide services to all citizens for schools
roads police protection national defense and so forth Thus
in national accounting of the benefits and costs of the two
systems American taxes are neither benefit nor cost
However Canadian taxes paid by American consumers of Alaskan
natural gas will provide services to Canadian citizens
Consequently an estimate of the net payment by Americans to the
Canadian Government for taxes has been calculated in real 1975
dollars and included as cost in the accounting of benefits and
costs for the two systems Both and Canadian taxes
however are included in estimates of the average cost of service
for the various systems Table 22 gives the total net cost of
Canadian taxes to the United States for the various systems

Displacement Plan

Both of the Base Case transportation systems were designed
so that Alaskan natural gas would be delivered to only one major
gas consuming region in the country For the case of the



AlaskaLNG System this is the West Coast and for theAlaskaCanada System gas was delivered through the Midwest only
as far as Chicago Other regions of the country that may
purchase Alaska natural gas are assumed to receive gas through
displacement plan These displacement plans would divert natural
gas normally flowing from the Southwest producing regions in theUnited States to either the West Coast or the Midwest and send
this gas instead to other regions of the country in exchange for
equivalent amounts of natural gas from Alaska Though this
displacement plan does minimize the building of new pipelines to
carry Alaskan natural gas to many regions of the country some
additioiial pipelines for connecting two or more existing pipeline
systems and increasing the capacity of old pipelines will beneeded These facilities will cost $590 million for theAlaskaLNG System and less than $20 million for the AlaskaCanada
System

It should be noted that company that agrees to receive
Alaskan gas in exchange for gas contracted for from lower 48
sources in order to allow displacement plan to be carried out
does not abrogate its contractual rights to receive this gas iffor whatever reason Alaskan gas is no longer available For
example company serving the Midwest would still be entitled toreceive its gas contracted for from lower 48 sources if Alaskan
gas supplied by the Alaskan-Canada System in exchange for this
gas was no longer available Similarly company does not
abrogate its contractual rights for Alaskan gas if displacement
plan to deliver this gas is no longer possible If for examplethe displacement plan for the Alaska-LNG System was no longerfeasible because the flow of gas to the West Coast from lower 48
sources was less than the amount of Alaskan gas contracted for bycompanies in other regions then these companies could stillreceive their gas by reversing the flow in those pipelines
serving the West Coast The amount of gas flowing from west to
east would equal the difference between the Alaskan gascontracted for by these companies and the gas flow that would
otherwise be transported from lower 48 sources to the West Coast

Although the El Paso proposal assumes the use of
displacement plan the system proposed by Arctic Gas woulddeliver gas to the West and East Coasts through new pipelinesSuch pipelines will cost approximately one billion dollars If
displacement plan is not feasible for the El Paso proposal the
cost of new pipelines from California to the Midwest or EastCoast to serve these regions of the country directly would
probably be substantially greater than $1 billion though nodetailed estimates were made

Displacement or exchange agreements are common in thenatural gas industry The two displacement plans described herewould be much larger than any previous examples These planswould have to be approved and agreed to by the various pipeline



companies involved the Federal Power Commission and in many
cases by the courts after review of the FPC decision If all of

the companies involved have an interest in seeing Alaskan natural

gas reach its final destination they should be able to agree

upon displacement plan without much difficulty If company
does not have an interest in Alaskan natural gas it may have
little or no incentive to allow the use of its facilities to

carry out displacement plan Thus far no company has been
forced by the FPC to enter into such an agreement against its

wishes but it is possible that the FPC could find the means to

do so As part of its approval of either basic transportation
system the FPC will also have to approve the use of

displacement plan for either system Finally there is also the

possibility of delays caused by legal appeals and court review of

all decisions made by the FPC In sum however the advantages
of large scale displacement plan would seem to outweigh the

disadvantages Displacement avoids both the cost and the

environmental impact of new pipeline construction and makes
more efficient use of existing facilities

Alaskan gas carried by either displacement plan from

California or Chicago to its final destination will have to bear
transportation charge part of which will go to the companies

involved in the displacement plan There is potential source
of disagreement in deciding what the charge should be One

possible procedure is to have Alaskan gas pay for only the

increase in each companys cost of service that results from that

company carrying Alaskan natural gas This incremental method
for pricing displaced gas would result in rather small

additional charge on the Alaskan gas carried by displacement
plan The traditional or more normal method in the natural gas

industry would have Alaskan gas carried by displacement pay
share of the companys cost of service equal to the ratio of

Alaskan gas to total gas transported This in effect results
in Alaskan natural gas paying for part of companys cost of

service that was previously paid for by gas from lower 48

sources This lowers the cost of lower 48 gas though the cost

of Alaskan gas will be much higher than under the incremental
method This traditional method would benefit those regions
where the transportation system ended at the expense of other
regions This would either be the West Coast in the AlaskaLNG
System or the Midwest in the AlaskaCanada System

Net National Economic Benefits NNEB

In order to help in deciding which transportation system is

in the best interest of the entire nation systematic
measurement of the benefits and costs of both systems to the

entire country was undertaken The methodology used here is

essentially the same as traditional benefitcost analysis whi-ch

has been used so often by Federal agencies The two benefits
considered are the value of Alaskan naturdl gas to consumers and



the benefit of greater energy independence The value of Alaskannatural gas to consumers depends greatly on the supply of naturalgas from other sources and on the prices of alternative energysources Based on an oil price of $12 per barrel BBL andassuming that everything feasible would be done to increase thesupply of natural gas from less expensive lower 48 sources thevalue of Alaskan natural gas at the city gate is estimated torange between $2.53 and $2.70 per thousand cubic feet MCF overthe rest of the century The benefit of energy independence wascalculated assuming that greater level of independence fromunreliable foreign sources of energy would allow us to reduce thestockpiles of oil held in anticipation of another embargo orinterruption of imports This reduction in stockpiles of oil wasestimated and its value included as benefit to the country Thefour types of costs included are the costs of constructing andoperating the transportation system itself the cost of producingthe gas at Prudhoe Bay the cost of Canadian taxes and the costof new facilities required in the lower 48 States to carry outdisplacement plan

The total of benefits minus costs for the two transportationsystems in present value terms using 1st quarter 1975 priceswas $87 billion for the AlaskaCanada Base Case System and $7.8billion for the AlaskaLNG Base Case System The higher economicbenefits for the AlaskaCanada System primarily result because ofthe lower shrinkage or in other words the lower use of naturalgas as fuel to power the system the lower ti.s share of thecost of the transportation system itself and the lower cost offacilities to carry out displacement plan major cost thatpartially offsets these advantages of an AlaskaCanada System isCanadian taxes Only rather unlikely series of events wouldreduce the net economic benefits of either system to zero Thenet national economic benefits NNEB of these two Base CaseSystems and for other configurations are given in Table 22
If an AlaskaCanada System is built with configurationsimiliar to that proposed by the Arctic Gas Study groupjn otherwords including pipelines to California and beyond Chicago toPittsburghthan the net economic benefits of the Alaska-CanadaSystem would be reduced to $7.8 billion because of the greatercapital costs In Table 22 this route is titled gas flow 75percent to Nidwest and East 25 percent to West route southof the Arctic Wildlife Range would reduce the net economicbenefits by about $0.4 billion Also recent innovations in thedesign of the liquefactj facilities by the El Paso AlaskaCompany may result in reduction in the use of natural gas asfuel to power that facility This saving of natural gas willincrease the net economic benefits of an AlaskaLNG System by$0.5 billion to level of $83 billion

An estimate of the net national economic benefits was alsomade for Fairbanks_Alcan Highway route The estjmtes are less
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precise than for the others but do indicate that the net economic
benefits for this system might be slightly higher than for the

Base Case AlaskaCanada System Though the capital cost of this

system would be higher than the U.S share of the costs of the

AlaskaCanada System Canadian tax costs would be lower This

route has supporters in Alaska because it would deliver gas
farther south into Alaska than the Base Case Alaska-Canada

System This route would avoid the Arctic Wildlife Range and

would follow an already impacted corridor However the

Canadians may not view the system favorably because it would not

carry Mackenzie Delta gas and may not be in conformity with the

pipeline corridor concept established in Canada Also this

route has not been proposed by private industry before regulatory
agencies Thus delays may result because of the time needed for

industry to engineer and design the system and apply for the

necessary government permits

One event could substantially increase the net economic
benefits of an AlaskaCanada System over the estimates shown

above The construction of the AlaskaCanada System could

substantially increase Canadian exports of gas to the United
States If this gas were sold in the United States at border

price substantially below its value to American consumers then

this gas would produce considerable net economic benefits for the

United States Under plausible assumptions about the development
of frontier gas supplies in Canada building an AlaskaCanada
System could increase exports of gas to the United States by as

much as TCF per year in certain years The assumption is made
that the construction of the AlaskaCanada System would speed up

development of these frontier areas the Mackenzie Delta Arctic

Islands and the East Coast OCS and thus result in larger
exportable surplus in Canada If this gas were to be sold in the

United States at price of approximately $200/MCF or $0.50 less

than the value to consumers the net economic benefits of this

gas to American consumers would be over $2 billion

Predictions of net economic benefits resulting from an

increase of gas exports from Canada however are very
speculative for two reasons First the amount of gas that will
be discovered in frontier areas of Canada and when such gas will
be discovered is very difficult to predict and government
policy in Canada with regard to the export of this gas to the

United States is also difficult to foresee Second the economic
benefits of Canadian gas depend crucially upon the price at which
it is sold If this gas were to command price close to $2 60

then American consumers would be relatively indifferent as to

whether they purchased Canadian gas or imported oil at $l2/BBL
Since gas from frontier regions in Canada will be very expensive
to produce and transport its price to American consumers is

likely to be high Also the price for export gas set by the

Canadian Government has increased dramatically in recent years
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and could increase even further in the future If new gas in theUnited States is deregulated its price is likely to rise tolevel very close to its market value to American consumers Itseems unlikely that the Canadians would then allow Canadian gasto be sold to the United States at price substantially belowthe price of American gas to American consumers

As the above indicates the final conclusion as to whichtransportation system has the greater net economic benefits tothe Nation depends crucially upon the particular Configuratichosen In comparing the Base Case Systems the Alaska-CanadaSystem has net economic benefits greater than for the Alaska-LNGSystem by about 12 percent However if one compares theOptimized AlaskaLNG System which has lower shrinkage and anAlaskaCanada System that includes pipelines to California andPittsburgh as proposed by Arctic Gas then the situation isreversed In this case the Optimized AlaskaLNG System has neteconomic benefits approximately percent higher than for thisconfiguration of the AlaskaCanada System If the displacementplans described above for the two Base Case Systems prove to beinfeasible because of difficult legal or regulatory problemsthen new pipelines must be built to various regions of thecountry to supply Alaskan gas directly In this case anAlaskaCanada System with pipelines to California and Pittsburghasproposed by Arctic Gas would very likely have net economicbenefits substantially greater than for an AlaskaLNG System thatincluded new pipelines from California to the Midwest and theEast

Finally no attempt has been made in these calculations ofnet economic benefits to take into account Possible delays in thegranting of all the necessary Government approvals and permitsIf delay occurs then the net economic benefits will be reducedby 10 Percent for each year of delay Both systems might bedelayed because of legal challenges to the decisions made by theFPC or the adequacy of the environmental impact statementsprepared by the FPC or Department of the Interior AnAlaskaCanada System might be delayed because of the time neededto negotiate transit Pipeline treaty subsequent protocol orto settle aboriginal claims by natives in Canadas NorthwestTerritories An AlaskaLNG System might be delayed because ofthe time needed to form consortium of companies to actuallybuild such system or to apply for rightof_way permit fromthe Department of the Interior which would require anenvironmental impact statement

Risk Analysis

The risk analysis portion of this study presents anevaluation of the major uncertainties associated with therealization of budget schedule and performance goals for the
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Alaskan natural gas transportation systems under study
Political or legal risks were not considered in this analysis
For example delays in the bi-national decisionmaking with
Canada or legal and regulatory problems in carrying out large

displacement plan might occur

The specific version of an AlaskaCanada System studied was
the Base Case System which does not include pipelines to

California or beyond Chicago as proposed by Arctic Gas By using
displacement plan to deliver Alaskan gas to regions other than

the Midwest rather than building new pipelines to these regions
the cost of an AlaskaCanada System is reduced and the net

economic benefit of this system is significantly increased thus

approaching an economic optimum The building of these pipelines
as proposed by Arctic Gas however does not significantly affect
those risks analyzed here The specific version of the

AlaskaLNG System analyzed was the Optimized Case similar to the

recent proposal by El Paso with its lower shrinkage in the

liquefaction plant This system has net economic benefits about
$500 million higher than the Base Case AlaskaLNG System
However this system is more risky to construct and operate than

the Base Case because of its greater complexity

Two tentative conclusions were reached First the Base Case
AlaskaCanada System would be the more risky to construct and

would have the greater potential for schedule slip and cost

overrun when compared to the Optimized Alaska-LNG System
Second the Optimized Alaska-LNG System is more risky to operate
with greater potential for flow interruption once in operation

These conclusions represent the average judgment at this

time of the various individuals involved in the preparation of
this report Discussions were held with number of experts and
the information synthesized into estimates of relative risk
possible schedule delay and cost overrun Again these
estimates are judgmental and not the result of any formal
mathematical analysis There will be continuing effort to

improve this analysis as new information becomes available and as
comments are received

Construction of large and complex systems such as either of

the alternative Alaskan gas delivery systems requires
sophisticated management Planning logistic support by itself

can be monumental problem Manageability of the project is an

important component of the overall risk of the project and can be

improved by breaking the project up into separate entities or
modules which can be constructed essentially independent of one

another The independence of the several modules is useful
because it breaks the large scale project into several smaller
more easily controlled projects The AlaskaLNG System can be
divided into five discrete components Alaska pipeline
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liquefaction and loading facilities LNG carriers regasificaand unloading facilities and incemental pipeline facilitiesrequired in the lower 48 States This modularity providesdistinct advantage in manageability over more homogeneous andinteractive project such as the AlaskaCanada System

Experience in construction of TAPS has demonstrated theimportance of knowledgeable and efficient oversight bygovernmental monitoring agencies it is fair to say that thisoversight capability is not developed without costs bothmonetary and nonmonetary and that for an Alaska-LNG System manyof these costs will have already been incurred on TAPSCongress the Department of the Interior and the State of Alaskaare going through very significant learning experience By thetime TAPS is completed they will be well prepared to dischargetheir oversight responsibilities for transAlaska gas pipelineIn the AlaskaCanada System there is additional potential foroversight difficulties in the requisite coordination between usagencies and Canadian agencies

Installation of most of the pipeline for either system aswell as the onsite construction of liquefaction andregasification facilities for the AlaskaLNG System will mostlikely be done under costplus contracts The costpluscontracting makes it more difficult to predict and control thecost of these segments of the two systems However largerproportion of the capital expenditures for an AlaskaLNG Systemwould be committed under fixed price contractsfor example theequipment in the liquefactj and regasificatio facilities andthe LNG carriers This fact reduces the risk of cost overrunsfor the AlaskaLNG System as compared to the AlaskaCanadaSystem

There is potential for labor difficulties in both Alaskaand Canada Alyeska experience indicates that labor problems canhave significant influence on costs and schedule Potentiallabor difficulties in Canada are considered more likely than inAlaska since there is the likelihood that signifjc trainingprogram will be required in Canada and labor statistics for theconstruction industry indicate significantly greater number oflabor disputes in Canada than the United States Further shouldUS and Canadian interests differ the United States may havelittle influence over labor difficulties in Canada

major source of construction risk is what may generally bedescribed as Arctic conditions term that includes theinteractive and compounding effects of severe weatherremoteness unfamiliarity poor lighting and environmentalsensitivity inherent in large scale Arctic work The Base Caseassumption that significant portion of the pipelines for bothsystems will be restricted to construction during the winter
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season using snow work pad and snow roads must at this time be

considered risky Large scale construction in the field during
the Arctic winter has yet to be proved feasible and the winter

experience with TAPS is not encouraging To the extent possible
summer construction should be considered even though it requires
the construction of an allweather work pad and road

An AlaskaLNG System is somewhat less exposed to risks
created by Arctic conditions than an AlaskaCanada System for

three reasons First less of the pipeline section of the

project is constructed north of latitude 60 rough lower bound
for Arctic conditions 825 miles of pipeline versus 1345
miles for an AlaskaCanada System Second that portion of an

AlaskaLNG System that is constructed under Arctic conditions is

done so in more controlled accessable and familiar
environment The allweather road also reduces the potential for

logistics problems transAlaska gas pipeline would be

constructed in corridor on which there is large store of

geotechnical baseline information thus reducing the potential for

unexpected difficulties The liquefaction facility would be

constructed at permanent site on Prince William Sound
significantly improving the capability for dealing with the
Arctic conditions over that possible in mobile field operation

Third if winter construction proves infeasible or if

nonwinter construction would be useful for maintaining the

schedule most of the work on the transAlaska pipeline is

possible during the warmer months using gravel extension to the

existing TAPS work pad and using existing allweather roads The

AlaskaCanada System would require an entirely new gravel pad and

gravel roads in order to carry out summer construction resulting
in higher costs and possible delays

conservative case has been developed for the AlaskaCanada
and AlaskaLNG Systems where consideration is given to some

factors which could possibly extend the schedule and increase the

costs For the AlaskaCanada System schedule slip from twelve
to thirtysix months and cost overrrun from $1.0 to $3.0
billion is not unlikely For the AlaskaLNG System schedule
slip of six to eighteen months with cost overrun of $0.5 to

$1.5 billion is not unlikely On the basis of the midpoint of

these estimates the net economic benefits for the Base Case

AlaskaCanada System would be about $5.3 billion and for the

Optimized AlaskaLNG System would be about $6.6 billion Again
it should be noted that this analysis does not take into account
possible legal or political risks for either system

The Alaska-LNG System is more prone to interruptions of flow
because of difficult weather conditions for shipping possible
seismic damage to the liquefaction system and mechanical
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difficulties in the complex liquefaction process Even though nosingle region is likely to purchase most or all of the Alaskangas the West Coast may be consuming all of the Alaskan gas Theother regions that will have purchased Alaskan gas are servedthrough displacement plan and will actually be consuming gas
from lower 48 sources that normally was delivered to the WestCoast Consequently an interruption of flow from Alaska couldhave very serious consequences for the West Coast In such aneventuality the West Coast region would still be entitled toreceive all the supplies of gas that were contracted for fromlower 48 sources If the original pipeline facilities remain inplace this gas could again be transported to the West Coastwithout delay Thus all regions would share in the reduction ofAlaskan gas Supplies in proportion to the Alaskan gas contractedfor Provisions must be made that the origjna Pipelinefacilities will remain in place or other emergency provisionsmust be made

This discussion of the impacts of flow interruptions andpossible mitigation measures also applies to the Base CaseAlaskaCanada System but to lesser extent for two reasonsFirst the Probability is less of flow interruption caused by
those risks considered here again Political or legal risks areignored Second the greater gas consumption in the Midwestmeans that Alaskan gas would be smaller proportion of thetotal

Financing Problems and Issues

Current estimates of the total capital requireg for the25 BCFD initial phase of an Alaskan natural gas transportationsystem including allowances for inflation cost increasesinterest during construction and 20 percent contingency rangefrom $9 to 11 billion for the AlaskaLNG System to $10 to 12billion for the Alaskacanada pipeline The sponsors of thealternative projects plan to finance them largely throughproject financing that is the creation of project entitywhich issues securities that are structured in such way thatthe debt service and equity returns will be provided by therevenues generated from the project Either alternative would bethe largest single project financing undertaken to date Some 75percent of the capital is scheduled to be debt and the remaining25 percent will be equity

Equity funds for either project would be sought from Usgas transmission and distribution companies U.S gas producersand other u.s investors through private placements and Possiblepublic offerings If the AlaskaCanada System is chosen equityfunds will also be obtained from Canadian gas transmission anddistribution companies Canadian gas producers and otherCanadian investors Debt investments would be sought from major
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institutional investors in the United States including life
insurance companies pension funds commercial banks for both
short-term bridging loans and longer maturity term loans and
possibly the general public The sponsors of the Arctic Gas
proposal would also seek debt finance from similar sources in
Canada from Eurocurrency markets and from the export lending
agencies of foreign governments El Paso has indicated that
Title XI federal ship financing while not essential may be
sought

prerequisite to financing either project privately is to
establish that payment of debt service can be expected regardless
of what other events occur In evaluating an Alaskan natural gas
transportation system there are two major financial risks that
potential investors will consider first the risk of non-
completion of the project and second the risk that once
completed revenues will be insufficient to cover all project
costs including debt service

With respect to the first risk lenders will seek assurances
that there are adequate funds to finance completion and
protection in the event of noncompletion If the present
sponsoring companies are unable to satisfy lenders as to their
ability to finance cost overruns additional sources of overrun
financing must be found For example additional equity
participants might be sought the lenders might assume some
overrun financing gas consumers might be involved through
surcharge mechanism or some clearly creditworthy party might
enter into an agreement to provide cost overrun financing

To protect against the risk that the project might not be
completed even though funds were available debt investors will
insist that some creditworthy party e.g the group of equity
participants stand behind the project consumer surcharge
mechanism is another possible way of providing similar
protection However there is some uncertainty as to whether
regulatory agencies would approve the use of consumer surcharge
in such case

With respect to the risk of insufficient project revenues
the needed assurances for debt repayment may be provided by
clearly creditworthy partys standing behind the project Such
asurance is often provided by the project sponsors However
given the size of the present project the aggregate credit of
the current project sponsors may not be sufficient Increasing
the number of sponsors would probably increase the sponsoring
groups credit but might not completely satisfy lenders

Alternatively lenders might be satisfied with firm all
events full cost of service contract which would require gas
shippers to pay the full cost of operating the transportation
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system including debt service even if gas were not flowingThere is however some uncertainty as to whether the FederalPower Commission would approve such contract for either of theprojects Even if it did some lenders might question whetherlocal rate commissions can be counted on in the case of aninterruption of gas deliveries to pass through costs to theultimate consumers The risks that local rate commissions wouldprevent the pass through of costs might be reduced if the amountof Alaskan gas going to any one State were held to some lowpercentage of the total flow Given Possible uncertainty aboutfuture actions of local rate commissions combination ofapproaches may prove necessary that is an all events full costof service tariff combined with creditworthy party forexample large consortium of creditworthy companies standingbehind the project

If the present group of project sponsors or potentiallenders are unable or unwilling to completely fund the projectadditional sources of finance or financial backing would need tobe arranged The most likely sources of such support are themajor beneficiaries of an Alaskan natural gas transportationsys tern

An important group of potential project Sponsors arethe companies owning the Alaskan gas reserves who willbenefit significantly if system is built to transporttheir gas to the markets in the lower 48 States Thesecompanies clearly are creditworthy and they could eitherinvest directly in the project or agree to stand behind theproject in the case of cost overruns or other unforeseenevents Deregulation of the price of Alaskan gas or theestablishment of gas price significantly above marginalproduction costs would increase the likelihood of gasproducer participation

The consumers of Alaska natural gas will benefitsignificantly from the availability of this source of gas inperiod during which gas shortages are expected across thenation Consumers could be involved in financing andbearing the risks of the project by adoption of an allevents full cost of service tariff which passed costs andrisk onto them or surcharge on current gas purchases tohelp provide funds for construction

Some of the pipeline and gas utility companies notpresently holding options on Alaskan gas might be willing toparticipate as project sponsors if they were able to obtaingas and share in the benefits of the project

Another party benefiting from the project andtherefore potential source of financial assistance is theState of Alaska
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number of actions by the US Government and Federal and
State regulatory agencies would seem to be needed before
private project financing can be arranged These actions include

selection of one of the projects grant of necessary
governmental authorizations negotiation of treaty and
possibly protocol with Canada if the AlaskaCanada pipeline
is chosen and approval of an all events full costs of
service tariff Other important actions which would materially
assist in bringing about private financing include deregulation
of the price of natural gas or setting wellhead price for
Alaskan gas significantly above marginal production costs and

approval of the use of consumer surcharge mechanisms

Whether private financing is possible can only be
determined after one of the projects is selected and its sponsors
are able to further determine the capabilities and intentions of

the potential financial participants and the conditions under
which the project would be operated If the project sponsors
ultimately seek federal financial assistance number of very
difficult issues would be raised These include how to

determine that private financing is not possible how to minimize
the amount of federal financial assistance how the projects
credit risks should be divided among the general taxpayers the

project investors and gas consumers the conditions that should
be attached to federal assistance and the assistance that is

ji.stified and the form it should take

If federal assistance is granted it will have impacts on
the capital markets by redirecting resources in the markets and

impinging on the management of the federal debt These effects
will need to be carefully weighed and balanced with our energy
goals

Adequate funds are available in the capital markets of the

world which can probably be tapped successfully provided the

project is established as viable and creditworthy Given
favorable regulatory decisions and participation by those parties
benefiting most directly the viability and creditworthiness of

the project probably could be established without Federal
financial assistance

U.S.Canada Foreign Policy

Canadian national energy policy has recently undergone
basic change as the result of two recent developments The first
is the large increase in the world price for oil and the second
is the downward revision of estimates of Canadian oil and gas
reserves and of possible future discoveries in the conventional
energy producing areas This has resulted in substantial
reduction in the amounts of Canadian oil and gas that will be

exported to the United States and substantial increase in its
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price decision has been made in Canada to phase out crude oil
exports to the United States by the early l980s Future
curtailments in exports of natural gas are also likely to occur
Those areas of the United States that rely heavily on imports of
oil and natural gas from Canada will feel significant impactbecause of this change in Canadian energy policy

The Canadian decision making framework on energy matters is
composed of number of important elements The National EnergyBoard controls pipeline construction and operation in Canada and
licenses exports of hydrocarbons The NEB holds public hearings
on an application for certification of pipeline and after
favorable evaluation and approval by the Governor.-inCouncil the
Cabinet permission to begin construction is given

The discovery of oil and natural gas in the Canadian Arctic
led the government of Canada to recognize that the environment
and society of native peoples of northern Canada could be
threatened by the impacts associated with pipelines to carry this
oil and gas In August of 1970 the first Guidelines for
Northern Pipelines were issued by the Minister of Indian Affairs
and Northern Development These guidelines were later expanded
on June 28 1972 Because of this concern for the environment of
the Northwest Territories and its native residents specialcommission headed by British Columbia Supreme Court Justice
Thomas Berger has been appointed to investigate the
environmental social and economic impact of the proposed
projects to carry Mackenzie Delta gas which includes the system
proposed by Arctic Gas and the all-Canadian Foothills pipeline or
the Maple Leaf project Approximately in mid1976 Justice
Bergers report is expected to be submitted by the Minister of
Indian Affairs and Northern Development to the Parliament for its
consideration

The National Energy Board can be expected to give its final
conclusions and recommendations on the application by Arctic Gas
and the application for the Foothills pipeline to the Cabinet in
the same time frame The final decision by the Cabinet based on
the recommendations of the NEB the Berger Commission and other
agencies can be expected by late 1976 In the absence of
exceptional and compelling considerations the government of
Canada will await completion of the NEB procedures and the
completion of the hearings by the Berger Commission before makingdecision on either application

Based on the conclusion in both countries that there may be
need for intergovernmental understandings agreements ortreaties to protect the interests of both countries when

transporting oil or natural gas in pipelines crossing the
territory of the other country negotiations were begun on
transit pipeline treaty with Canada on November 1974 These
negotiations have reached basic agreement that the treaty should
contain the following elements
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reciprocity or symmetrical application to both parties

guarantee of throughput

nondiscriminatory treatment

inbond treatment for hydrocarbons moving in transit
pipelines

provision for equitable sharing of pipeline capacity in the
event of an emergency

provision for protocols on specific pipeline projects

Because of the difference in Canadas constitutional
framework from our own the Canadian Federal Government cannot
limit the authority of its Provinces to impose certain kinds of
taxes on pipelines transiting their territory This difference
in constitutional practices is not expected to be problem for
the negotiations since the U.S Government does not plan to limit
the taxing authority of our State governments In any case
Provincial and State taxes are relatively minor part of the
costs of pipeline system The question of Provincial taxes and
other issues relating to any specific pipeline can most
effectively be addressed in the context of protocol negotiated
after the approval of the treaty The transit pipeline treaty
under consideration does not provide complete answer for

specific pipeline project to deliver Alaskan gas However it

does establish foundation from which more specific agreement
or protocol can be negotiated if necessary

National Security Implications

In study prepared by the Joint Chiefs of Staff it was
concluded that military factors alone would not indicate an

overriding preference for one route over the other However in

system where foreign country is involved the nonwar
security risks may be greater

The defense of the two routes during war is estimated about
equal in risk and resource commitment Either route is

vulnerable to sabotage or disruption by individuals and organized
guerilla attack during peacetime or during periods of

international tension and disruptions The AlaskaLNG System
paralleling the oil pipeline minimizes defensive force

requirements during peacetime but concentrates potential targets
in time of war However the AlaskaLNG route permits full U.S
physical control and does not require reliance on foreign
government for defense in war and security in peace

Average Cost of Service

The delivered cost of Alaskan natural gas to the final
consumer is an inadequate measure of the desirability of either
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transportation system because this calculation does not take intoaccount benefits or costs that accrue to the rest of the nationFor example both systems will increase our independence offoreign energy sources which is benefit that accrues to theentire nation not just consumers of natural gas Similarly bothsystems will pay American taxes which will be used to providegovernment services to all citizens of the country though thesetaxes are cost to consumers of Alaskan gas

To help show the impact of Alaskan natural gas on Americangas markets the cost of transportation per unit of gas wasestimated based on the financial assumptions used by Arctic Gasand El Paso and generally followed by the natural gas industryThe transportation rate from Prudhoe Bay to California for theBase Case AlaskaLNG System will be $1.66 per MCF in 1982 and$1.33 in 1985 assuming one million BTU per MCF Thetransportation rate from Prudhoe Bay to Chicago for the Base CaseAlaskaCanada System will be $1.58 per MCF in 1982 and $1.09 in1985

To these estimates of the transportation rate must be addedthree additional charges to arrive at the final delivered cost tothe consumer First the cost of the gas at the wellhead atminimum equal to $0.47 per MCF must be added Second the costof fuel used to power the two transportation systems must beincluded This change would probably be less than $0.10 per MCFon the basis of gas fuel cost of $0.S0/MCF Third anadditional charge will be levied to transport the gas from eitherCalifornia or Chicago to its ultimate destination Dependingupon the procedures adopted for pricing gas carried bydisplacement plan the cost of Alaskan gas as it moves throughthe country could vary considerably Using the incrementalpricing method the additional charge would probably be less than$0.30 per MCF

Balance of Payments Implications

Because of the large amount of money equipment materialsand labor that will be moving between the United States andCanada as result of the construction and operation of theAlaskaCanada System this system could have an impact on theUnited States balance of payments and Possibly on the exchangerate between the Canadian and U.S dollar Canada is the largesttrading partner of the United States Almost onefourth of allU.S exports are to Canada During the first ten years ofconstruction and operation of the AlaskaCanada System the netoutflow of funds directly attributable to the construction orfinancing of this system from the United States to Canada wouldamount to about $256 million per year Though large in absoluteterms this sum would equal less than percent of the totalvalue of U.S exports in any one year and less than percent ofU.S exports to Canada During the next fifteen years the net
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outflow of funds directly attributable to the system from the
United States to Canada would average approximately $937 million
per year Again in terms of the total trade between the two

countries this is not significant

The construction and financing of the AlaskaCanada System
could have number of indirect effects on the U.S balanc6 of

payments The construction of the system itself in Canada may
stimulate the Canadian economy resulting in greater purchase of

American products by Canadians This would tend to improve the
U.S balance of payments Also the Canadian government may allow
an appreciation in the value of the Canadian dollar relative to

the U.S dollar which would also stimulate American exports to
Canada and discourage imports from Canada into the U.S Recent
changes in the international financial system have made exchange
rates much more flexible flexible exchange rate for the
Canadian dollar may eliminate any impacts on the U.S balance of

payments third alternative is that the Canadian government
will show an increase of foreign currency reserves in particular
U.S dollars

Regional Secroral and Macroeconomic Implications

The Alaska-Canada System would run only 195 miles through
essentially uninhabited terrain in Alaska and its construction
would have little economic impact on the State The AlaskaLNG
System paralleling the Alyeska oil pipeline for 825 miles south
to Point Gravina would have more of an impact over four times as
much pipe would be laid as well as an expensive liquefaction
plant constructed Much of the pipe as well as the liquefaction
plant would be closer to more populated areas and Anchorage
would feel significant impact Building the AlaskaLNG System
would result in continuation of the Alyeska induced boom with
all of its attendant benefits and problems However building
either system would ameliorate the economic and population
declines following Alyeska construction

The AlaskaLNG System would require California terminal at
Point Conception with short pipeline to link up with the

existing pipeline network The construction of the pipeline and
the receiving facility will have moderate impact upon employment
income and government revenue

The AlaskaCanada System would include line from Morgan
Montana to Chicago Ill Moving from west to east population
and the level of economic activity increase and thus the relative
impact of pipeline construction decreases In Montana and
western North Dakota pipeline construction will heavily impact
the construction work force and result in temporary inmigration
of out of state construction workers as well as shifts of labor
from other occupations into construction work The tax revenues
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resulting from Construction and operation will be important tolocal governments expecially in the sparsely populated westerncounties but also in the midwestern farming counties directly tothe east Similarly construction would impact local servicesparticularly leisure services during construction Howeverlocality would be impacted only for matter of several weeks
Because of the size of the demand for materials and laborconstruction of either of the proposed gas transportation systemswould have significant impact on number of domesticindutries For example the magnitude of the demand forpipeline construction services would equal the size of theindustry before TAPS construction when the industry was forcedto double its size

If the AlaskaCanada System is constructed there will bedemand for large quantities of 48 pipe for which there ispresently no domestic productive capacity0 To make this sizepipe available from US mills would take an estimated investmentof $50 million

The gas compressor and LNG equipment industry will beheavily impacted The maximum impact would come in 1979 for theAlaskaLNG System when purchases would be about 35 percent of1975 industry sales and in 1984 for the AlaskaCanada System whenpurchases would be about 80 percent of 1975 industry sales

The AlaskaLNG System will be quite significant to the drycargo shipbuilding industry There are shipyards with LNGtanker construction experience and others which could withminor modifications construct LNG tankers of this size Threeshipyards will be needed and the annual expenses will be about80 percent of 1972 industry shipments

Each system will produce macroeconomic effects by demandinggoods and services and providing energy upon completion Themaximum annual demand for goods and services would be $l2billion in 1978 for the AlaskaCanada System and $22 billion in1978 for the AlaskaLNG System These amounts will make littledifference to the economy although the crucial demand for steelmay exacerbate an existing shortage with inflationary results
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IL INTRODUCTION

Study Mandate

Public Law 93153 commonly referred to as the TransAlaska
Oil Pipeline Authorization Act amended the Mineral Leasing Act

of 1920 to expedite the transportation of Alaskans Prudhoe Bay
oil to the lower 48 States0 Title III Section 302A of this

Act stated The Secretary of the Interior is authorized and

directed to investigate the feasibility of one or more oil or gas

pipelines from the North Slope of Alaska to connect with
pipeline through Canada that will deliver oil or gas to United
States markets0 final report on the results of the

investigation is required within years of the date of this Act
This staff study was prepared to assist the Secretary in

fulfilling the mandate of this Act The contents of this report
include sections addressing the economic technical and

financial feasibility of systems for delivering North Slope gas
Other sections discuss the construction and operations risks the

balance of payments implications the security implications and

the regional and other economic implications and the

implications for U.S relations with Canada The Department of

State prepared the section on United StatesCanada foreign

policy the Defense Department prepared the section on national

security and the Treasury Department prepared the section on

financing problems and issues

This Act also requests the President of the United States to

enter into negotiations with the Government of Canada The goal
of these negotiations is to determine the willingness of Canada

to permit the construction of pipelines or other transportation

systems across Canadian territory and to determine the need for

intergovernmental understandings agreements or treaties to

protect the interests of both governments and any party or

parties involved with the construction operation and

maintenance of any gas transportation system These negotiations
are now underway

In preparing this report number of consulting and

engineering firms having specialized expertise were employed to

develop inputs for the study major report by one of these

firms The Aerospace Corporation was transmitted to the House
and Senate Interior Committee on August 15 In addition for at

least years the Department of the Interior has been involved in

other related studies dealing with transportation systems for
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Alaskan natural gas In October of last year the Departmentmade public study on transportation and utility corridorsystems in Alaska to help meet the requirem5 in the AlaskaNative Claims Settlement Act PL 92203 This study developsrational plan for the movement of high value energy resourcesfrom remote areas of Alaska In response to an application forrightof_way across Federal lands the Department of the Interiorhas prepared draft environmental impact statement Els whichalso analyzes as major alternative competing natural gasdelivery system The draft EIS was released for public reviewand comment in July of this year The Bureau of Land Managementis currently reviewing the comments and suggestj5 which havebeen received so that appropriate changes can be included in thefinal EIS The environmental impacts are an important part ofthe information necessary to formulate government Policy and willbe reviewed and considered as soon as the final EIS is available
Arctic Region Gas Supplies

In 1968 oil and natural gas were discovered at Prudhoe Bayon the North Slope of Alaska This is the largest singlediscovery of hydrocar05 ever made on the North AmericanContinent The field contains some 26 trillion cubic feet TCFof recoverable natural gas or an amount greater than 10 percentof total u.s reserves Total potential recoverable resources inAlaska are estimated by the United States Geologic SurveyUSGS to be between 72 and 185 TCF At about the same timereserves of natural gas were also discovered in the neighboringMackenzie Delta region in the Canadian Arctic Proved reservesin this area are approximately TCF Total Potentialrecoverable resources in this area are Probably in excess of 50TCF Additional reserves are likely to be confirmed in bothareas in the near future

Simulation models were developed and used to determine theannual daily flows of gas which could be expected from the provedreserves in the Sadlerochit reservoir located in the Prudhoe Bayfield Also the increase in field development costs necessary toproduce this gas and the minimum price for this gas necessary topay for the greater development costs were estimated Estimateswere made of other probable and Possible gas reserves in thePrudhoe Bay area

In order to examine gas pipeline from Prudhoe throughAlaska delivering gas to the lower 48 States and also carryingCanadian Mackenzie Delta gas to Canadian markets it wasnecessary to estimate the gas supplies and deliverability fromthe Mackenzie Delta fields The combined Alaskan and Canadiangas flows were then used to size and define gas pipeline systemand also to determine the us and Canadian shares of costs ofthe Canadian portion of this pipeline system
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Gas Transportation Applications

number of gas and oil companies have joined together in

various study groups to develop transportation systems for these
Arctic gas supplies and three applications have been made to the

135 and Canadian Governments0 In applications to the Federal
Power Commission FPC and the National Energy Board of Canada
the Arctic Gas Study group which is composed of some seventeen
American and Canadian companies has proposed an all pipeline
system to carry both Alaskan Prudhoe Bay and Canadian Mackenzie
Delta gas to their respective markets This system would consist
of pipeline from Prudhoe Bay eastward across the North Slope of

Alaska connecting with spur from the Mackenzie Delta region of

Canada and then moving southward through Canada to point near

Calgary Here the pipeline would split with one line going
through the Midwest to the East Coast and one or possibily two

pipelines going to the West Coast Canadian Mackenzie Delta gas
would be fed into existing pipeline systems in southern Canada
for distribution to Canadian markets

In an application to the FPC the El Paso Alaska Company
subsidiary of the El Paso Natural Gas Company has proposed
system that would carry only Alaskan Prudhoe Bay gas This

system would consist of pipeline southward across Alaska to an

icefree port facility in southern Alaska where it would first
be liquefied and then loaded aboard LNG carriers for transport to

the Southern California area In Southern California the LNG

would be offloaded to regasification plant where it would be

gasified and then enter short pipeline to connect with existing

gas pipelines for distribution Consumers of Alaskan natural gas
in other parts of the country according to El Paso would
receive their additional Alaskan supplies through displacement
and exchange plans For example El Paso proposed that gas which
would normally flow to California from the West Texas fields
could be diverted and sent instead to the Midwest the East Coast
or to other regions in exchange for an equivalent amount of

Alaskan gas delivered to California

An application for an all Canadian pipeline system which
would deliver only Canadian Mackenzie Delta gas to Canadian
markets has been made to the National Energy Board of Canada
This system is called The Foothills Pipeline or Maple Leaf

Project and has been proposed by the Alberta Natural Gas

Trunkline Limited and the West Coast Transmission Company of

British Columbia This application proposes to the extent

possible to use existing gas pipelines in Alberta and would only

carry Mackenzie Delta gas to Canadian markets

The Federal Power Commission has begun hearings on the

application by the Arctic Gas Study group and by the El Paso
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Alaska Company Arctic Gas but not El Paso has applied forright_of_way permit across Federal lands with the Department ofthe Interior The National Energy Board of Canada is expected tobegin formal hearings on the Foothills and Arctic Gasapplications shortly Also in Canada Justice Thomas Berger ofthe British Columbia Supreme Court heads commission that willhold hearings on the economic social and environmental impactsof the Arctic Gas and Foothills system and will report itsfindings to the Canadian Ministry of Indian and Northern Affairs
Ga Transportation Systems Studied

The charge of the Congress to the Secretary of the Interioris to study the feasibility of pipelines through Canada fromthe North Slope of Alaska It was determined that the bestapproach to this assignment was to study the feasibility ofspecific examples of transCanada systems The examples chosenwere those that were either supported by private industry or werelikely to have 5ignific economic benefits to the UnitedStates Also in order to fully assess the feasibility oftransCanada pipeline one must also study the major alternativewhich is transAlaska system combined with oceantransportation

Of all the various types of Possible transportation systemsonly two have received the support of Private industry to theextent that they have been proposed in applications before UnitedStates and Canadian regulatory agencies These are the systemsproposed by the Arctic Gas Study group and El Paso Alaska
It is not the purpose of this study to review and passjudgment on the two gas transportation applications now beforethe FPC rather this study intended to examine the feasibilityof gas transportation alternatives However since the ArcticGas and the El Paso Systems have received the support ofindustry have made formal application before the FPC and couldreceive goahead earlier than other alternatives they wereused as the basis for this study Other North Slope gas deliverytechniques have been Suggested including conversion to methanolwith subsequent ship or pipeline transportation use of large icebreaking LNG tankers transportation by submarines and manyothers However these suggestions have received little or nosupport from private industry and are Probably not majoralternatives to the two formally proposed systems

It must be clearly understood that the Systems described asthe AlaskaCanada System and the AlaskaLNG System are similarbut not identical to the systems presented to the Federal PowerCommission in the formal applications When reference is made tothe applicants systems they are clearly noted as the Arctic Gasor El Paso application or system
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As noted earlier the TransAlaska Oil Pipeline Authorization
Act directs the Secretary of the Interior to study the
feasibility of oil or gas pipelines across Canada Given this
choice it was determined that this report would only address gas
pipelines because it appeared that there was no immediate need
for second oil pipeline The oil pipeline under construction
from Prudhoe Bay to the southern coast of Alaska scheduled for
completion in 1977 will have capacity of 12 million barrels
per day BOPD and an ultimate capacity of million BOPD
Proved reserves of oil on the North Slope May 1975 API
estimate of 96 billion barrels will produce daily flow of oil
of approximately 16 million BOPD leaving an excess capacity of
400000 BOPD in the pipeline By the mid l980s oil production
from these reserves will begin to decline from the 16 million
BOPD rate leaving additional excess capacity Consequently
there is likely to be excess capacity in the existing pipeline
for future new discoveries of oil on the North Slope Also it
is very difficult to estimate the size of new discoveries their
location and the time when the discoveries will be made
Because of this lack of information about the location and
availability of oil reserves to supply second pipeline from the
North Slope the feasibility of such pipeline has not been
analyzed in this study

Each of the alternative gas transportation system Base Cases
studied for this report physically delivered the Alaskan gas to

only one lower 48 geographical region Those consumers in other
regions which do not directly receive the Alaskan natural gas
would receive their Alaskan gas from other lower 48 sources by
exchange and displacement plans Many displacement agreements
are in force and functioning today although they are not of the
size that would be required for Alaskan gas Although there are
no technical barriers to natural gas exchange and displacement
plans there are often difficult regulatory contractual and
legal negotiations which must be completed to effect the

necessary agreements However of all of the systems studied
the system configuration utilizing displacement offered the
maximum net economic benefits to the Nation as whole

The first of the systems studied the AlaskaCanada System
is similar to the Arctic Gas proposal and is an all pipeline
route In the Base Case system slightly less than 200 miles of
pipeline would traverse the Alaskan North Slope eastward from
Prudhoe Bay across the Arctic National Wildlife Range The
pipeline from Alaska would continue into Canada and connect with
apipeline containing Mackenzie Delta gas These gases would be
comingled and transported southward to the AlbertaSaskatchewan
border where an amount equivalent to the Mackenzie Delta gas
would be separated and delivered by pipeline to Canadian markets
The Alaskan gas would continue on to the USCanadian border
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then to the Midwest and would terminate at Chicago Note thatno pipelines are assumed to be built to California or beyondChicago to Pittsburgh in the Base Case System studied here as isproposed by the Arctic Gas Study group New Pipelineconstruction in Canada would total 2156 miles and 1138 milesof new pipeline would be constructed in the lower 48 States Anaverage daily gas flow from Prudhoe of 25 billion cubic feet perday BCFD beginning in mid1981 increasing to 35 BCFD in 1985is used along with 05 BCFD of Canadian Mackenzie Delta gas in1981 increasing to 09 BCFD in 1985 No Canadian Mackenzie Deltagas is assumed to be delivered to tJS markets

The second system studied the AlaskaLNG System similar tothe El Paso proposal would transport gas by pipeline southwardacross Alaska on route Paralleling the transAlaska oilpipeline system TAPS presently under construction The gaspipeline would be physically situated immediately adjacent to theTAPS rightof_way on the side Opposite the oil line over most ofthe route Note that the El Paso application proposes that thepipeline be buried on seperate right_of_way and some segmentswould be located considerable distance away from the TAPSpipeline The compressed gas would be delivered toliquefaction plant at Point Gravina where it would be liquefiedand prepared for loading aboard LNG tankers fleet of thetankers would then deliver the liquefied gas to Point ConceptionCalifornia where it would be regasified short pipeline toArvin California would connect to existing gas pipelines Anaverage daily output flow from Prudhoe of 25 BCFD beginning in1981 and increasing to 35 BCFD in 1985 was used for analyzingand costing the system Figure illustrates the general routeand features of both the AlaskaCanada and the A1askaLNG BaseCase Systems

In addition to the above AlaskaCanada System and A1askaLNGSystem which are identified as the Base Cases for this studynumber of variations were analyzed These variations includealternative pipeline routes pipeline sizes gas compression andsystem delivery efficiency or shrinkage

Study Contents

The goal of this study is to analyze the feasibility ofalternative transportation systems for Alaskan natural gas Animportant criterion for judging the feasibility of the varioussystems is the concept of net national economic benefits Thisis systematic measurement in dollar terms of the benefits andcosts to the entire Nation that result from construction andoperation of an Alaskan natural gas transportation system Thesebenefits and costs are those that accrue to the entire Nation and
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alternative transportation systems

not to any particular region or subsector of the population
Though one system may be the best for particular region or
particular group of citizens it may not be the best system for
the entire Nation when all benefits and costs are included The

methodology used to measure the net national economic benefits of
each system is essentially the same as traditional benefitcost
analysis which has been used so often by Federal agencies in

evaluating Government projects or policies

This net national economic benefit methodology recognizes
two categories of benefits and four categories of costs for each
year of construction or operation These benefits and costs are
measured in dollar terms and then discounted to the present in
this case January 1976 using an appropriate discount rate The
first and major benefit of bringing Alaskan natural gas to lower
48 markets is that it will provide American consumers with
major new supply of this clean burning energy The second
benefit of transporting Alaskan natural gas is that of energy
independance or that our dependence on unreliable foreign sources
of energy such as oil will be reduced The first and major cost
used in the net economic benefit study is the cost to the Nation
of constructing and operating the transportation system itself
The second cost results from the additions needed to the existing
lower 48 pipeline network in order to carry out displacement
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plan for either system Where facilities are constructed irCanada that would carry both US and Canadian gas the cost waassumed to be shared between the United States and Canada ThEthird category of costs is the cost of extracting the gas fronthe reservoir at Prudhoe Bay and delivering the gas intotransportation system The fourth is the cost of Canadian taxesbut not of American taxes which are levied on thetransportation system crossing Canada and paid for by Americanconsumers of the gas From national point of view Americantaxes are neither cost nor benefit The total of the fourcategories of costs is substracted from the total of the twobenefits to arrive at the net economic benefits for each system
In addition to the net economic benefits considerableadditional information is presented about other factors that maybe important in judging the feasibility of the various systemsAs part of the description of each transportation system thetotal costs of construction and operation and the gas fuel usageare presented0 Also given is the average cost of service or thetransportation rate that is likely to be charged by each systemto carry the gas

Since the two Base Case systems studied will distribute gasin the various lower 48 market regions by the use ofdisplacement plan the cost of new facilities required thelegal contractual and regulatory issues involved and thevarious methods of pricing gas carried by displacement areanalyzed The construction of any large project of the size andcomplexity of these various transportation systems involvesconsiderable risks and uncertainties that may result in costoverruns or delays in construction The risks associated withboth Base Case systems are described and an estimate is made ofpossible cost overruns and schedule delays Because of the sizeand risks of the projects arranging private financing will becomplex task Whether private financing is Possible can onlybe determined after one of the projects is selected and itssponsors are able to further determine the capabilities andintentions of the potential financial participants and theregulatory conditions under which the project would be operatedThe issues and problems involved in financing either system arediscussed0 This study on financing was prepared by theDepartment of the Treasury

Because either system will be carrying sizable portion ofthis Nations gas supply and will be crossing eitherinternational waters or the territory of foreign country thesesystems have implications for national security that are notfound in lower 48 pipeline systems The Department of Defensehas prepared an analysis of the military and defense factorsassociated with both systems which is presented here Similarlythe construction of an AlaskaCanada System has implications forrelations between the United States and Canada This has been
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analyzed by the Department of State Because one system will be
owned and built by Canadian company this system will have
impacts on the United States balance of payments The
implications for the balance of payments are analyzed and
presented Again because of the unprecedented size of the
various gas transportation systems either system could have
significant impact on important industries such as the steel
industry on particular regions of the country such as the State
of Alaska or even on the entire economy These regional
sectoral and macroeconomic impacts are described and analyzed
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IlL SUPPLY AND MARKET ANALYSIS

SUPPLY ANALYSIS

Objectives

The purpose of the gas supply analysis is to determine the
gas deliverability from the Alaskan Prudhoe Bay region and theattendant costs In addition since one of the gastransportation alternatives has pipelines through Canada whichcould also carry Canadian gas to Canadian markets it wasnecessary to estimate the Canadian Mackenzie Delta gas suppliesand deliverability There are significant differences betweenthe gas delivery rates used in this study and those filed byArctic and El Paso For both the Prudhoe Bay area and theMackenzie Delta area expected additions as well as provenreserves were estimated In developing the proven reserveestimations FPC standards and common industry practice wereapplied to determine average daily deliverability or gas rateof take The estimating technique was applied consistantly toboth gas supply regions The result for the Prudhoe Bay area wasthat 2.5 BCFD flow could be produced from proved reserves in1981 This was lower then the highest El Paso flow schedule of328 BCFD and higher then the Arctic Gas 225 BCFD average flowschedule For the Mackenzie Delta area flow of 05 BCFD fromproved reserves in 1981 is used in this study

For purposes of this study the expected flow by 1985 wasbased on proven probable and possible reserves The Prudhoe
Bay area can deliver at least 35 BCFD by 1985 more thanindicated in either the Arctic Gas or El Paso filings before theFPC The Mackenzie Delta area can deliver 09 BCFD by 1985slightly more than indicated in the Arctic Gas Schedule filingbefore the FPC These gas flow rates are determined on the basisof one million cubic feet of gas per day for each 73 billioncubic feet of salable gas reserves In effect this estimatesthe average daily delivery over 20year field life

The known dimensions of the Prudhoe Bay field and the factthat large quantities of gas will necessarily be produced whenoil shipments through the Alyeska pipeline commence indicatethat substantial supply of natural gas can be made availablefor transportation to the lower 48 States The principal gassupply questions to be answered are those which will clarify thebasic feasibility of an enterprise to transport the gas tomarket These questions are whether enough gas can be purchasedtransported and sold to justify all the costs of bringing it tocompetitive market This section of the study examines thequantity of Prudhoe Bay gas likely to be available for sale and
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the economic factors involved in developing the field under
variety of assumptions about operating conditions and the field
sales prices for oil and gas

Initially the study examined only the proved measured
reserves of oil and gas in the principal gas producing reservoir
designated by its geologic formation name the Sadlerochit When
it became apparent that these salable reserves would warrant
construction of pipeline it was equally apparent that further
drilling stimulated by the presence of both oil and gas outlets
on the North Slope would certainly yield additional gas supplies
for which provision should be made The study therefore takes
into account not only the proved reserves in the Prudhoe Bay
area and those in the Mackenzie Delta area of Canada which might
share in the cost of pipeline across Canada but also looks
forward to the year 1985 when expected additions to proved
reserves would justify transportation system of substantially
larger capacity

The critical information needed to support the overall
economic analysis of Alaskan natural gas transportation systems
is reflected in the following objectives of the gas supply
analysis

Determination of the highest practical rate of delivery
of proved Prudhoe Bay gas reserves which can be

economically sustained through the year 2000

b0 Determination of the significant conditions and costs

associated with the sale of these gas reserves under
specific assumptions as to the wellhead price of oil

Derivation of resource cost for gas from the

difference in costs between development plan for the

Sadlerochit reservoir case defined in above and

plan to market only the oil produced from the

Sadlerochit

Evaluation of the expected additions to gas reserves by
1985 on the leasable North Slope of Alaska lying
between Naval Petroleum Reserve No and the Arctic
National Wildlife Range including extensions of the
Sadlerochit reservoir the known productive formations
on the Prudhoe Bay geologic structure and other North
Slope prospects both onshore and offshore

e0 Derivation of resource cost for producing gas
assuming the availability in 1985 of additional gas
supplies in the Prudhoe Bay area and utilizing economic
and physical factors consistent with those developed
for the Sadlerochit production
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Determination of the gas supply potentially available

in the Mackenzie Delta and Beaufort Sea areas of the

Northwest Territories of Canada including proved
reserves and expected additions thereto by 1985

Sadlerochit Reservoir Analyses

It was not considered necessary to reevaluate the adequacy
of gas in place in the Prudhoe Bay field since reliable data

concerning the volumes of gas in the gas cap and dissolved in the

oil were available from the In Place Volumetric Determination of

Reservoir Fluids reported by the Division of Oil and Gas State

of Alaska and H.K0 van Poollen and Associates Inc Their data

agree reasonably well with estimates from other sources0 Whether
this will ultimately be sold in sufficient quantity to justify

pipeline depends on the existence of adequate economic

incentives To formulate judgments about the delivery rates and

the economic life of the reservoir it was necessary to examine

the physical production factors as well as costs for many
different operating conditions and assumptions These studies

were performed with the aid of computer simulation which

modeled the Sadlerochit reservoir The computational steps
involved were divided between those which represented as

function of time the physics of fluid flow through the porous
media of the reservoir into or out of the wells and those

subsequent calculations which show the economic consequences of

the physical operations For each particular pattern of gas and

oil production there is wide range of possible financial

outcomes depending on assumptions about costs and the field

prices for production sold In particular the study determines

the quantity of gas sales to the pipeline and the operating
conditions which maximize discounted future net revenue to the

operators at various assumed prices for oil and gas subject to

reasonable conservation constraints and the capacity limitations

of the pipelines The future net revenues from each series of

production patterns to be compared are discounted at like rate

and to the common date of January 1976 The various elements

considered in these analyses are illustrated in Figure

On the basis of Sadlerochit reservoir simulation runs

designed to reveal the sensitivity of gas and oil production
levels to variables such as well spacing gasoil ratio limits
and pressure maintenance by injecting gas or water it is evident

that gas deliveries at 2.5 BCFD through the year 2000 are

feasible To accomplish this very high level of water

injection into the reservoir and restriction on Sadlerochit oil

deliveries to l6 millionbarrels of oil per day are essential

Figure shows daily sales rates for gas and oil produced from

the SadlerOchit reservoir through the year 2000 assuming that

oil can be transported at 1.2 million barrels per day in

mid1977 increasing to 1.6 million two years later The graph

on the left depicts the situation if no gas pipeline were built
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Figure 2.Methodology for determining Sadlerochit gas supply

and that on the right shows the situation with gas sales of 25
BCFD beginning in mid-1981

For the case where no gas is sold the total oil recovery of
84 million barrels represents 44 percent recovery of the 191
billion barrels in place in the Sadlerochit reservoir at an
estimated future expenditure for field development and operations
of $8.2 billion In the gas sales case an attempt was made to
hold the same oil production profile while sustaining gas
deliveries at the 25 billion cubic feet per day level The 8.0
billion barrels of oil represents an oil recovery factor of 42

percent and the 17.8 trillion cubic feet is 70 percent of the
salable gas in place It is reasonable to believe that the small
percentage reduction in oil recovery forecast between the two
cases would be reduced even further through practical experience
gained in developing and operating the field Neither the field
development cost of $12.0 billion for the gas sales case nor the
$8.2 billion which is compared with it includes an estimated $1.2
billion of sunk costs conservatively attributed to past
development of the Prudhoe Bay field

37



-GAS
total 17.8 ICE

LL

C-

/UL
total 8.4 10 BBL

total 8.0 10 BBL

Lf

NO GAS SOLD

1975 80 85 90 95 2000 1975 80 85 90 95 2000

GAS SALES NONE 2.5 BCFD
FIELD DEVELOPMENT COST $8.2 billion $12.0 billion

Estimated Future Expenditures Only

Figure 3.flaily rates of Sadlerochit gas and oil sales with
maximum pressure maintenance

The value of real resources used to produce the gasderivable from this pair of cases and expressed in terms ofpresent value is estimated as the sum of

The difference in the present discounted value of allthe future field development and operating costs thatwould result if gas were sold instead of being retainedin or reinjected into the reservoir and

b0 Any difference in the present discounted value of grossoil production including royalty oil due the State ofAlaska that would result if gas were sold
This total represents the value of real resources used to producethe gas0 For the Sadlerochit reservoir comparison shown inFigure the $3.8 billion difference in field development andoperating cost attributable to gas production activities reducesto present value of $1.5 billion when discounted at 10 percentper year from the date of expenditure to January 1976 Thevalue of the 400 million barrel difference in oil production at$9 per barrel adds discounted $504 million for totalcalculated gas resource cost of $2.0 billion The $9 per barrelPrudhoe Bay oil figure was arrived at by subtracting $3transportation charge from the assumed price of oil in lower 48markets of $12
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The fundamental concept for establishing resource cost of

gas from pair of field development options which are alike
except for the sale of gas can also be used to arrive at unit
cost of gas to the field operators who must pay all production
costs out of net working interest revenues after deducting
production State severance taxes Regarded as minimum field
price the operators unit cost is that dollar amount per MCF

thousand cubic feet of gas that would make the present
discounted value of profits to the producing companies if no gas
were sold just equal to the present discounted value of profits
if gas were marketed Using costs from the comparative cases in

Figure and the projected quantities of oil and gas sold for the

account of the producers unit gas costs were calculated for
various oil prices and range of discount rates0 At $9 per
barrel the producers cost of gas ranged from an undiscounted
figure of $0.45 per MCF to $0.47 per MCF at 10 percent discount
rate Sensitivity to changes in oil price were minimal
advancing only two cents per MCF for $3 oil increase to $12 per
barrel0 The 10 percent discount rate is based on the historical
pretax rate of return required by the oil industry to attract
debt and equity capital This rate is the real rate after
taking out the effects of inflation The rate of return required
in the future may be substantially higher because of inflation
At discount rate of 15 percent the unit cost of gas increased
to $052 At 20 percent the cost is $0.58

It should be noted that an actual field sales price equal to

the unit cost of gas would make the oil and gas producers
relatively indifferent as to whether or not gas transportation
system is available because profits are not increased by the

sale of gas at this price Although there is popular
misconception that gas which is produced with the oil and

separated from it cannot be reinjected into the reservoir beyond
some limiting volume there is no evidence to support this notion
in regard to the Sadlerochit formation as now known Continued

reinjection of gas was simulated in the reservoir model runs for

nogassales cases without encountering any physical anomalies
which would suggest difficulties over the 23year time span
examined0

Expected Additions to Alaska North Slope Gas Supplies

To quantify the additional gas resources of the North Slope
of Alaska and Northwest Canada and to realistically estimate the

most probable schedule of their discovery and development
special survey was conducted explicitly for this report
literature survey covering all major sources of published data
was supplemented by great many personal contacts with industry
and government sources both U.S and Canadian In an attempt to

quantify expected gas deliveries from partially tested and

untested regions an innovative method for developing estimates
of expected additions to proved reserves was adopted for this
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study and allows full credit 100 percent to estimates of provedsalable reserves of gas applies 30 percent reduction to thereserve category probable and derates possible reserves by
70 percent0 The rationale for crediting the probable andpossible categories to 1985 proved reserve arises from thejudgment that very substantial accumulations will be found in themany untested structures known to exist in this region

Utilizing this method the expected additions to reserves on
the North Slope of Alaska excluding the Naval Petroleum Reserveand the Arctic National Wildlife Range were estimated for thePrudhoe Bay structure and for other North Slope leasable areasas shown in Table The Prudhoe Bay geologic structure isdefined to include all formations currently demonstrated to beproductive within the Prudhoe Bay unit limits and extensions as

Table i.Expected additions to proved gas reserves by 1985for leasable North Slope and Canadian Nackensie Deltaareas

TRILLION CUBIC FEET

7UEPOSSIB30%VALUEEXPEcTEDADDITIONST0
PRUDHOE BAY STRUCTURE

SADLEROCHIT FORMATION
7.0 4.9

6.2 1.9 68LISBURNE FORMATION 18 13 38 11
214KUPARUK RIVER FORMATION 2.1 1.5 33 1.0
2.5OTHER NORTH SLOPE

LEASABLE ONSHORE
149 34 4.3 13

147LEASABLE OFFSHORE AND OCS 36 2.5 141 1.2 37TOTAL NORTH SLOPE ADDITIONS 19.14 13.6 217 6.5
20.1MACKENZIE DELTA AREA

TAGLU AREA
100 0.07

07PARSONS LAKE AREA
0.309 0.22 0.581 17

0.39OTHER

0.18 1.437 0.43
0.61TOTAL MACKENZIE DELTA

0.67 0.47 2.02
0.60

1.07

Vaues are the averages of the DM and Sproule estimates

well as internal acreage judged likely to be proved productive by1985 Examples of extensions include the Kuparuk River zone tothe west of the Prudhoe field the Lisburne zone to the east andthe Sadlerochit zone to the north including offshore and outercontinental shelf OCS lands0 Internal acreage would includethe lands Possibly productive in the Kuparuk River or Lisburnezone which are currently untested and which lie between widelyspaced exploratory test wells0 The term Other North Slope isdefined as all potential fields not within the defined greater



Prudhoe Bay structure lying within approximately 100 miles of
the Prudhoe Bay field likely to be tested by 1985 and either
leased or leasable Derating the probable reserves to 70 percent
and the possible additions to 30 percent of their recoverable
estimates leads to North Slope total calculated at 201 TCF
trillion cubic feet This is quantity of ultimately
recoverable gas which would correspond to the American Gas
Association AGA figure of 260 TCF for the currently proved gas
reserves in the Sadlerochit reservoir Since the simulation
analyses showed that 182 TCF or 70 percent could be recovered
and sold in 20 years it is to be assumed that at least like
fraction of the added reserves could be produced in 20 years
Table summarizes the results of these evaluations for the areas
of interest

Table 2Salable gas reserves and deliverabilities expected to

be available by 1985

LEASABLE ALASKA CANADIAN MACKENZIE

NORTH SLOPE AREA DELTA AREA

PROVED AS OF 1974

SALABLE GAS WITHIN 20 YEARS 182 3.8 3.8

TCF

DAILY FLOW BCFD 2.5 0.5 115

EXPECTED ADDITIONS BY 1985

SALABLE GAS WITHIN 20 YEARS 114.1 11 2.7

TCF

DAILY FLOW BCFD 1.9 0.2 124

PROVED PLUS EXPECTED ADDITIONS BY 1985

SALABLE GAS WITHIN 20 YEARS TCF 32.3 4.9 5.5

DAILY FLOW IBCFD 14/4 0.7 129

Sadlerochit Reservoir Prudhoe Bay Field

Values in italics indicate unadjusted estimates taken directly

from DeGolyer MacNaughton and Sproule reports

Augmented Prudhoe Bay Supply

The restraints imposed on development of the Prudhoe Bay
field by lack of outlets for its oil and gas have limited the

drilling of wells which will eventually demonstrate the existence
of more reserves than are now considered proved0 This situation
coupled with the geophysical evidence of large undrilled
structures gives the North Slope an expectation of additional

41



reserves must be considered in Planning gastransportation system0 Reviewing the expected additions tosalable reserves by the year 1985 it seems reasonable that theminimum provision for an augmented gas supply should accommodateincreases on the rudhoe Bay structures It is there thatdevelopment drilling must first take place to meet thecommitments of pipeline oil to the Alyeska lines

Expected additions to proved reserves on the Prudhoe Bay
structure are estimated to be ll7 TCF Table or dailysupply of salable gas over 20 years of aPproximately 1.1 BCFSince simulation runs on the Sadlerochit reservoir had provideddata at gas sales rates of both 25 and 35 BCFD and because thecurrent planned capacity for the trans_Alaska oil line ofmillion BOPD might limit gas production the augmentatj0 chosenfor deliveries to the Pipeline in 1985 was l0 BCFD Productionof these new reserves was assumed to follow patterns recognizedin comparable year of simulated production from the Sadlerochitreservoir0

Oil and gas production from the Sadlerochit reservoir withthe 10 BCFD augmentat0 beginning in 1985 are shown in FigureGas sold through the year 2000 is expected to total 23.6 TCF

GAS

total 23.6 TCF

-OIL
tota 11.9 109BBL

total 11.5 10BBL

/g

ci
0%

0%

NO GAS SOLDoilj
1975 80 85 90 95 2000 1975 80 85 90 95 2000

GAS SALES BCFD NONE 2.5-35
FIELD DEVELOPMENT COSTO $11.2 billion $16.3 billion

Estimated Future Expenditures Only

Figure 4.Daily rates of gas and oil from proved Sadlerochitreserves plus expected additions on the Prudhoe BayStructure
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and gross oil recoveries for the comparative cases increased by
35 billion barrels Total daily oil production would reach the

20 million BOPD level for several years after this augmentation
became available if the new gas were associated with oil Since
the new production is assumed to be developed in the Prudhoe Bay
area the use of existing facilities was assumed in estimating
additional field development and operating costs Comparing the

cases for like patterns of oil production as was done

previously the increase in cost attributable to gas sales is

$5.1 billion Discounted at 10 percent to January 1976 this
difference amounts to $1.9 billion The quantity of oil by which
the cases differed stands as before at discounted value of

$0.5 billion for an assumed oil price of $9 per barrel Adding
these elements leads to total resource cost of producing and

selling this natural gas of $2.4 billion

Mackenzie Delta Gas

Although there is no current plan to market gas from the
Mackenzie Delta in the United States the possibility that

pipeline across Canada would transport this gas within Canada and
share proportionately in the costs of such line raises the
issue of how much Mackenzie Delta gas would be available for

shipment over 20year period The proven reserves for the
fields in the Mackenzie Delta area of Canada are estimated to be

38 TCF This is an average of the Canadian Petroleum
Association estimate for March 1975 396 TCF the JC Sproule
and Associates estimate of December 1974 394 TCF and the

DeGolyer and MacNaughton DM estimate of December 1974 356
TCF The latter two estimates were prepared for Canadian Arctic
Gas Pipeline Ltd for presentation to the National Energy Board
of Canada and the Federal Power Commission respectively
Canadian proved reserves are reported on marketable basis
rather than recoverable basis The 38 TCF total would support

delivery of approximately 05 BCFD over 20year period The

assumption that the Sproule and DM estimates of probable and
possible resources are fully proved up by 1985 would add an

average of 27 TCF and increase the future delivery rate to 09
BCFD over 20year period from the Mackenzie Delta For

consistency with the method of derating probable and possible
reserves previously described Table shows Canadian Mackenzie
Delta area values for proved gas reserves and expected additions
in two columns The first figure is comparable to the Alaska
data and was calculated from derated data in Table The

second in italics is an average of the unadjusted estimates in

Table which were taken from the reports of DeGolyer and
MacNaughton and of Sproule

Sproule and DM as well as other sources estimate
potential reserves for the Mackenzie Delta to be well in excess
of 50 TCF These potential reserves are analogous to the
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Undiscovered Recoverable Resources estimated by the USGS 1975
the Speculative Potential Gas Supply estimated by the Potential
Gas Committee 1973 and the Estimated Speculative Recoverable
Resources estimated by the Division of Geologic and Geophysical
Survey State of Alaska 1974 These estimates for the North
Slope of Alaska are l999 TCF 75 TCP and 883 TCF
respectively

Conclusions

The gassupply analysis Shows that the proved reserves of
gas in the Prudhoe Bay area of the Alaska North Slope will
support pipeline sales of 25 BCFD beginning in midl98l and
continuing through the year 2000 It also shows that the
expected additions to proved reserves on the Prudhoe Bay geologic
structure alone will support an additional delivery of 1.0 BCFD
beginning in 1985 and continuing beyond the year 2000

The resource cost to produce and sell this gas on schedule
which provides for the augmented deliveries of 35 BCFD after
January 1985 amounts to $2.4 billion when discounted at 10
percent to January 1976 and based on $9 per barrel field
price for Prudhoe Bay oil Under the same economic assumptions
discount rate and oil Price the average unit cost of this gas
to the operators will initially be $0.47 per MCF

The independent survey of additional gas resources in the
leasable areas on the North Slope of Alaska and in Northwest
Canada indicates that the method for derating probable and
possible reserves used in arriving at expected additions to
proved reserves is the most equitable way to credit these
categories of reserves in frontier provinces which contain many
untested prospects

In deference to the practice of the National Energy Board of
Canada which allows showing of less than 20 years of reserves
to support the capacity specification of pipeline the
Yssupply analysis anticipates daily flow rate from proved
reserves plus expected additl05 by 1985 of 09 BCFD for the
Mackenzie Delta area An initial

deliverability of 05 BCFD is
based on salable reserves currently recognized as proved and not
subject to derating in any event

In recent testimony before the Canadian National Energy
Board Gulf Oil Canada Ltd presented their new estimates of
Mackenzie Delta reserves These new estimates increased reserves
by 13 TCF to 51 TCF Using their reserves average daily flow
could be increased from os BCFD to 068 BCFD However the
study assumes og BCFD commencing in 1985 and from this time
forward this increase is accounted for in the 09 BCFD No time
was available to include this data in the results
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Finally it should be reiterated that the option to reinject
gas produced with oil from the Sadlerochit formation in the
Prudhoe Bay field remains open indefinitely after the unitization
agreements have been reached and unless or until unexpected
reservoir characteristics are revealed restrictions are imposed
by the State of Alaska or the economics of recompression drive
the operators to seek more attractive alternatives
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III SUPPLY AND MARKET ANALYSIS

MARKET ANALYSIS

Introduction

The main objective of the market analysis is to develop the

data needed to measure the benefit to consumers that results from
the delivery of Alaskan gas to lower 48 markets These data
include projections of future gas supplies to the lower 48 States
under various assumptions regarding gas and oil prices and

estimates of the total amounts of gas which would be demanded
each year through 2000 at different city gate price levels

Though computer model of natural gas markets was used with

limited success the general approach used to generate gas supply
estimates and annual demand schedules may be termed judgmental
Historical data were reviewed to determine market responses to

price changes which had occurred in the past Current
information was examined regarding natural gas availability on
the one hand and the ability of users to switch to alternate

fuels on the other An attempt was made to estimate the effects

of changes in population and economic trends on future gas
demand

Several of the parameters used in the study were allowed to

vary in order to test the effects of making changes in important
assumptions Throughout the analysis an assumption which was
not varied was that future economic growth would on average
occur at lower rates than prevailed during the 1960s and early
1970s This was in part based on the expectation that the

rate of growth in population and work force would be reduced from
that which prevailed from the 1940s through the late 1960s
Industrial production is expected to grow at the relatively low
annual rate of about 4.5 percent as compared with rates of 6.5

percent and higher which prevailed in the 1950s and early
1960s From 1960 to 1965 gross national product GNP in real

terms grew at an annual average rate of 4.8 percent By

contrast the annual growth in GNP used in this study averages
around 3.6 percent from 1975 through the year 2000 Figure
illustrates the difference between recent and expected trends in

GNP growth

major variable affecting future gas supply is the welihead

price for new gas Estimates of natural gas welihead prices are

given in Table Under continued regulation of interstate gas

production the average welihead price paid for new interstate

gas reserves is projected to increase from $0.52/MCF in 1975 to
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NOTE Logarithmic Scale

Figure 5comparison of past GNP trend with present
projection for the period 19601990

Table 3.Projected natural gas wellhead
prices for new gas only in first
quarter 1975 dollars

RMCF
___________

1980 1985 1990 1995 2000

REGULATED

INTERSTATE 1.36 1.94 2.50 2.50 2.50

INTRASTATE 2.20 2.45 2.50 2.50 250

DEREGULATED 2.20 2.45 2.50 2.50 2.50

47



$l.36/MCF in 1980 to $l94/MCF by 1985 and to $250/MCF by 1990

in January 1975 dollars Intrastate prices are expected to

rise to $220/MCF by 1980 to increase to 245/MCF by 1985 and

then to follow the same course as interstate prices again in

Uflinflated terms Under deregulat0 of new interstate gas
interstate rates are project to rapidly move up to intrastate
levels

second Signifi parameter Which was varied in the

market analysis IS the price of crude oil In the Base Case
evaluations it was assumed that oil would remain at price level

of $12.00 per barrel through the year 2000 in 1975 dollars
The effects of Using two alternate oil prices Were explored
$8.00 and $15.00 per barrel These were considered to be the

lower and Upper bounds in 1975 dollars of the prices which
Would be charged by Organizat0 of Petroleum

Exporting Countries
OPEC for imported crude oil It was assumed that all domestic
Prices for oil would by 1980 equal the

OPEC_establjh ratesConstrucjj011 of Demand Curves

In order to establish maximum prices Which Would be paid for

Alaskan gas in lower 48 markets and to calculate the benefits to

consumers from
Permitting the gas to flow into these

markets
demand curves were developed for each market region for each year

from 1980 through 2000 The nine major census regions were used

for the demand regions Pacific Mountain West South Central
West North Central East North Central East South Central New
England Middle Atlantic and South Atlantic

demand curve is construct which shows the quantit5 of

an item which consumers would like to buy at different prices per

unit The demand for gas is assumed for simplicity to take Place

at the city gate and the various prices are assumed to be those

charged at the city gate The city gate is
concept in the

natural gas industry that refers to the Point where the lOngli
interstate Pipeline companies sell their gas to local utilities
or industry basic tenet of economic theory holds that in

general the higher the relative Price of an item the less of it

will be demanded If portion of demand curve is close to

being horizontal it is said to be highly price elastic in Other
words small price change will produce large change in the
quantity demanded while if section of the demand curve is

close to being vertical is termed inelastic in Other words
large price change will bring about virtually no change in the

quantity demanded

The annual demand schedules used in the Study are based on

projecti05 of overall energy demand from the present through the

year 2000 These in turn were developed from assumptions about
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the future relationship between growth in disposable income and

growth in energy consumption Since gross national product is

expected to grow at lower rates in the future total disposable
income in 1975 dollars is also expected to increase at lower

annual rates than those which prevailed in the recent past In

addition the amount of energy consumed per dollar of real GNP is

projected to be lower This is expected to occur for several
basic reasons reduced fuel availability increased prices of

energy relative to other prices in the economy and increased

energy efficiency Figure indicates the difference between the
historical trend and the projection adopted As result of all
of the factors mentioned above the projection of future energy
consumption which was used to generate the gas demand schedules
is fairly conservative

20

HISTORICAL
18

CORRELATION

r2 0.98/
PROJECTIONS

16 ADOPTED

1970

1965

1960

200 400 600 800 1000 1200 1400 1600

DISPOSABLE INCOME

billions of 1958 dollars

Figure 6.Relationship between residential

energy consumption and disposable income

Regional demand curves for natural gas were developed by
identifying the categories of energy use where gas competed with
other sources of energy in each State within each major end use
residential commercial industrial and powerplants In each

category for each year the total competitive energy consumption
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was estimated based on the overall energy projections Which had

been made Then to develop the natural gas demand curve within
each major enduse area prices were held constant for all other
competing forms of energy While the price of gas to the user
group was varied

Figure illustrates this process The two types of
customers selected for this example residential and industrial
display differing degrees of ability to change rapidly their
energy usage patterns in response to relative changes in prices

L6

RESIDENTIAL

L4

GAS DEMAND

L21

YEAR YEAR 10LU

YEAR

O.8
YEARYEAR5

10

TOTAL
RESIDENTIAL ENERGY USE

L6 INDUSTRIAL

TOTAL
INDUSTRIAL ENERGY USE

Ii
10

Figure 7Representati
natural gasdemand curves in residential andindustrial markets

of different forms of energy Residential customers
typically

make
comparatively heavy investment is single type of

fuelusing system Even after substantial price changes have
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occurred it usually takes many years for owners of existing
systems to convert to other fuelusing systems New purchasers
have the option of deciding on the type of system they will use
but once the decision has been made it would take extreme price
increases prevailing for several years to produce any substantial
number of conversions of still functioning equipment This type
of demand tends in the short run to be fairly price inelastic
However in the long run after customers have been able to

adjust to price changes the demand for gas will be more elastic

On the other hand many existing industrial customers have

already made an investment in multiplefuelusing equipment
Where this has not already occurred it could be accomplished
within year or two at cost per unit of energy consumed that

is not very high Such customers have the ability to make

relatively rapid changes in their consumption of different types
of energy Their demand curves are fairly price elastic both in

the short run and in the long run

Within all user categories one energy source will

frequently command premium over another There are two major
reasons for this First the fuel may have greater efficiency of

energy conversion This results from lower maintenance costs
greater thermal efficiency and the amount of energy needed to

power the components of the fuel using equipment itself This

fuel efficiency premium does not vary from region to region
premium also results from the equipment costs for using par
ticular energy source The premium one would be willing to pay
for an energy source with lower equipment costs will depend on

how much of that energy is being used For example in warm
climate where the need for space heating is quite small
residential user would be willing to pay higher premium for the

fuel with lower equipment costs than in colder climate where
equipment costs would be spread over greater fuel usages For

very large users of energy such as industrial facilities or power
plants the premium due to differences in equipment costs are

small

In Table are presented the premiums that various users of

energy would be willing to pay for gas relative to other energy
sources for the State of Illinois The State of Illinois is

picked as representative example and the equipment cost

premium will actually vary by region Industrial users and

powerplants are not willing to pay significant premium for

natural gas on BTU basis relative to oil and coal for at least
two reasons

large facilities allow for better maintenance of the

more complex oil and coal burning equipment and

the higher equipment costs of oil and coal burning
equipment are spread over greater energy usage
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Table 4Percentage difference between Parity and energy
equival prices of gas for vdrious compienergy sources USing projecti8 for Illinois in 1980
as an example

RESIDENTIAL

COMMERCIAL INDUSTRIALSPACE HEAT BASE USE
HEAT STEAM POWER PLANTLIGHT OIL

FUEL EFFICIENCY 19%
28

-1

EQUIPMENT COST
31

TOTAL
27

14

ELECTRICITY

FUEL EFFICIENCY -21

-27EQUIPMENT COSTS -1

TOTAL

HEAVY OIL

FUEL
EFFICIENCY

EQUIPMENT COSTS

TOTAL

if

COAL

FUEL EFFICIENCY

17EQUIPMENT COSTS

13TOTAL

An average
ncluding some

heavy oilAn
average including some light oil

means Not Applicable

To develop demand curve for given year Withrepresentative State for specific
application the total

gasrncompetitj energy market Within the application was first
estimated The Closest competitor to gas for the application Was
identified after taking into account equipment conversion costs

and relative fuel efficiencies Then three Points on the demand
curve were determined

The median enduse gas price Which prevailed Within the
area and within the application in 1975 This would
clearly be the lower bound for future gas prices Since
as result of federally established ceilings average
gas prices are far below those of competing fuels on
the basis of relative energy content
The gas price

corresponding exactly to the energy
equival of the closest Substitute for gas At this
price existing users would have an incentive to
convert to gas over the long run while new users all
other things being equal would be likely to selectasburning equip because of the lower cost of most
asburnig equipm and other advantages of gas
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gas price which represented uparityn with the closest
substitute Here after allowing for fuel efficiency
and relative equipment costs natural gas does not have

competitive price advantage New users have no clear
incentive to select gas-burning equipment At higher
prices new energy users would not choose gas and

existing users of gas may decide to switch

Figure illustrates the development of demand curves for
each major application for specific year within
representative State As can be seen residential use of natural
gas is divided into two components base use and space heat
Base use is defined as cooling clothes drying and water
heating while space heat is for heating purposes only gas is
not competitive with electricity for air conditioning purposes
Industrial usage is also divided into two components heat and
steam Industrial process heat is defined as all energy uses in

400
RESIDENTIAL

350 BASE USE

COMMERC AL

300 INDUSTRIAL

HEAT RESIDENTIAL

SPACE HEAT
uJ

250
POWER

PLANTS

200 INDUSTRIAL

STEAM

150

100

100 200 300 400 500 600 700

DEMAND billions of cu ft

Figure 8Consumer price/demand schedules
for natural gas using projections for
Illinois in 1985 as an example
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Industry exclusive of
energy used for steam raising which

is considered
separately

energy materials used as

feedstock5 or lubricants and
noncompetitive

electricity used

for electric drive or electrolysis

The three prices discussed earlier Constant relative prices

in 1975 dollars nearest Substitute equival prices and parity
prices form annual demand curves for residential base use
commercial use and residential

space heat With regard to
PoWerplants industrial steam and industrial heat the Parity

price forms an upper bound Within each application above Which

gas demand declines to zero for example roughly $2.60/MCF for

powerplants on Figure
This Parity price is

Primarily basedcharges
on oil selling for $l2/BBL plus refining and distribution

After the demand curve for each individual
application has

been calculated
is not Possible to simply combine the

quantiti5 demanded at each enduse price to Obtain total State
demand curves for natural gas This is because of differences in

distributor margins Which are different for different enduse
customers and for different States as well For example in

Illinois during 1975 typica distributor margins Were as

follows Residential Base Use $l.0O/MCF
Commercial $060/MCF

Industrial $030/MCF

Demand curves for each application based on city gate
rather than enduse prices are obtained by subtracting
distributor margins from each enduse price Figure shows the

results of this process As is evident the demand curves have

shifted to the left by different amounts from their Positions inprices
the previous diagr showing gas demand schedules at consumer

After total demand curves for each State for specific years

have been
developed they are combined to form regiofl demand

curves Figure 10 shows the total demand for gas in
representative region for three years 1980 1990 and 2000 In

the first year shown 1980 demand for gas becomes highly

inelastic at prices above $250/MCF At these prices it may be

assumed that most industrial and powerplant users have switched

to alternate sources of energy Below $l.7o/MCF the demand
curve is quite inelastic The reason for this is that at $12.00
per barrel price for oil Which may be taken as

generally

indicative of
Prevailing energy price levels gas prices even

slightly below $l.70/MCF at the city gate permit it to capture
virtually the entire energy market which can switch to gas in the

short run Further price decreases produceincreases in gas consumption in the short run
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Figure 9City gate price/demand schedules for natural gas

usingprojections for Illinois in 1985 as an example

In between $2.50 and $1.70 the 1980 demand curve is

relatively elastic Here new energy users and many existing
industrial and powerplant users select gas over alternate fuels
depending on relative price levels The slope of this portion of

the demand curve primarily results from the different parity
points at which different groups of powerplant and industrial
customers would begin switching to gas at declining price levels

At all price levels the demand curves shift to the right
over time because of increasing energy consumption resulting from
continuous population and economic growth As the last diagram
shows however relatively small shifts in the demand curves to

the right growth in demand occur at the high price levels
while relatively large shifts to the right occur at the lower

price ranges At the relatively high prices few new energy
users select gas buring equipment each year while most existing
residential and commercial users over time convert to alternate

energy sources By contrast at the lower prices high
percentage of new users choose gas burning equipment and few if
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Figure

gate price/demand schedulesfor natural gas for the years 1980 1990and 2000 Using the Pacific region as anexample $12.oo/BB1 oil
any gas users convert to other energy forms Rather many resi
dential and commercial Users of alternate energy forms convert to
gas

In effect the Position of different Portions of each years
demand curve is function of the price levels which prevailed
during previous years High prices of gas serve to retard growth
in demand over time One result of this method for developing
demand curves that the curves become

Progressive1y more
elastic over time In Figure 10 1980 may be viewed as
relatively short run curve while by 2000 the demand schedule
for gas has become

long run curve
Gas Supply to Lower 48 Markets

In order to determine the
feasibil1t of

transporting
Alaskan natural gas to market it is important to know the supply
of natural gas that would be available to meet domestic demands
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if Alaskan gas were not transported Since Alaskan natural gas
will be expensive to produce and transport the need or value of

this gas must be accurately determined before decision is made
to allow transportation system for this gas to be built The

supply of natural gas used in this study only includes new
sources of gas that are likely to be less expensive than Alaskan
gas It would be mistake to assume that gas supplies to the

lower 48 States will be relatively abundant because of the

possible availability of expensive new sources of natural gas
from such sources as coal gasification or imported LNG and for
this reason to possibly conclude that the cheaper Alaskan gas
should not be produced

The two sources of new gas that are likely to be less

expensive to produce are newly discovered conventional onshore
fields and gas from new fields on the outer continental shelf
Consequently the supply of gas used here assumes that the

maximum amount of gas will be available from onshore and offshore
producing areas in the lower 48 States This implicitly assumes
that the wellhead price for new gas will either be deregulated or
will be allowed to rapidly increase over the coming few years in

order to stimulate to the maximum extent possible the

production of natural gas This also implicitly assumes that the

outer continental shelf will be leased at rapid rate for

natural gas production It would be serious error in our
national energy policy to impose restrictions on the production
of gas from less expensive lower 48 sources by not raising the

price of new natural gas or by not leasing the outer continental
shelf and instead bring down much more expensive natural gas from
Alaska

In order to predict the future supply of natural gas from
lower 48 sources it is necessary to first have an estimate of

the remaining resource base for natural gas in other words the

total gas available for future production whether from
demonstrated reserves inferred reserves or undiscovered
recoverable resources The United States Geological Survey in

June of this year issued estimates of the total remaining
resource base ranging at 9O-percent confidence level from 761
TCF to 1094 TCF For just the lower 48 States excluding
Alaska the remaining resource base yet to be produced would
range from 690 TCF to 910 TCF Of this total 205 TCF are
demonstrated reserves as of December 1974 On the basis of the

assumption that the wellhead price of new natural gas would be

deregulated or that the regulated price would be allowed to

increase dramatically aver the next few years figure of 800

TCF of remaining resource base was used to project the future

supply of natural gas from lower 48 sources If the wellhead
price of natural gas remains at present low levels the remaining
resource base is much more likely to be approximately 650 TCF
To show the relative optimism or pessimism of these estimates of
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the remaining resource base Table shows estimates of theremaining resource base yet to be produced prepared by the UsGeological Survey and three other organizat05
Table S.Estimates of the natural gas resource base as ofDecember 3l 1974 in trillions of cubic feet

CUMULATIVE PRODUCTION 481
MEASURED RESERVES

237
INFERRED RESERVES

202
TOTAL CUMULATIVE RESOURCE 920

SOURCE
UNDISCOVERED TOTAL

REMAININGAND
RECOVERABLE RESOURCE RESOURCEDATE

RESOURCE BASE
BASEUSGS LOW ESTIMATE

322
1242

7611975

USGS MEAN ESTIMATE
484

1404
923

1975

USGS HIGH ESTIMATE
655

1575
10941975

MOBIL OIL CO
443

1363
8821974

NATIONAL ACADEMY OF
530

1450
969SCIENCES 1975

POTENTIAL GAS COMMITTEE
880

1800
13191973

Total onshore and offshore recoverable
reserves including AlaskaFrom US Geological Survey Circular 725 June 1975

Includes water
depth to 660 ft

Includes water
depth to 6000 ft

Includes water
depth to 1500 ft

Based on the above estimate of the remaining resource basethe supply of natural gas to lower 48 markets from conventionalonshore and offshore Producing areas is estimated to decline from
216 TCF in 1974 to 185 TCF in 1980 After 1980 Productionwill gradually decline by the year 2000 to level of 182 TCFAgain it should be emphasized that this estimate of supply is
the gas that can be expected from conventional gas Producing
wells onshore and Offshore in the lower 48 States it does not
include gas from Alaska from imported LNG or from oil or coal
gasificati0 These estimates of future gas supply do not imply
that synthetic natural gas or imported LNG will never beavailable In fact considerable guantiti5 of synthetj naturalgas made from coal oil and other feed stocks plus imported LNG
could become major source of natural gas for this country
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If the welihead price for new natural gas in not deregulated
and is kept at historically low levels then the estimated supply

of gas from lower 48 conventional sources will decline from 216
TCF per year in 1974 to less than 18 TCF per year by 1980 and

will continued to decline to 13 TCF per year by the year 2000
These estimates of future gas supply are shown in Figure 11 and

also include an estimate of future gas supply made by the Federal

Power Commission and an estimate included in the Project

Independence Study

25-

FEDERAL POWER C0MMSS0N

20ALDEREGULATlON2
150EDRLATl0N2

For Reference 1974 Supply 222 TCF

FOOTNOTES

$0.60 MCF gas $11.00/BEL oil normal development

Excluding production from Alaska

Assumes reserve additions of 147 TCF/ yr0III
1980 1985 1990 1995 2000

Figure 11Estimates of total annual natural gas produced
from sources in the lower 48 States in TCF

Supplies of Natural Gas from Canada

An important part of the Nations total supply of gas is

exports of gas from Canada to the United States The supply was

over TCF/year in 1972 and will decline by 1975 to level of

approximately 937 BCF This represents approximately percent
of total US supply In order to have an accurate picture of

the future supplies of natural gas available to lower 48 markets
one must also attempt to estimate exports of gas from Canada to

the United States This is particularly difficult exercise for

two reasons First of all the exports of gas from Canada are

controlled by the Canadian Government and may be influenced by

political decisions within the Government of Canada Secondly
there is potential for vast new discoveries of natural gas in

frontier areas such as the Mackenzie Delta and Beaufort Sea area
the East Coast and the Arctic Islands Though the potential is
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there it is very difficult to Predict when gas will be
discovered and when transportation system will be available for
that gas The third complication is that the

availability of an
Alaska_Canada System may also influence the total Supply of gas
in Canada and

consequently affect the export of gas to the
United States It has been argued by the Supporters of an
AlaskaCanada System that if this System is not built then there
will not be adequate proved reserves in the Mackenzie Delta area
for number of years to Support an all_Canadian pipelineConsequently the supply and demand situation for gas in Canada
will worsen This may in turn result in reduction of exports
of gas to the United States

Figure 12 gives estimates of the future demand for gas
within Canada and estimates of the future Supply of gas from
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rage of seven estimates in Canadia Natural
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1992 3.80 2.10 1.42 0.63 2.00
1993 3.92 2.00 1.47 0.65
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System
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Average of estimates in Canadian Natural Gas
1995 4.17 1.75 1.54 0.69 2.20
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Figure l2.Projected Supplies and demands for Canadiannatural gas through the year 1995 in TCF

conventional sources the Mackenzie Delta and Beaufort Sea area
Offshore East Coast and the high Arctic Islands Theseestimates were based on information Published by the NationalEnergy Board of Canada in document entitled Canadian Natural
Gas Supply and Requireme5 April 1975 The estimates for gas
supply from the East Coast and the Arctic Islands are theaverages of estimates made by various oil and gas companies and
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petroleum company associations The supply of gas from theMackenzie_Beaufort area is also an average of seven estimatesfound in the above report but it is assumed to be postponed oneyear to fit the estimated date of completion of an AlaskaCanadaSystem The first flow of gas from the MackenzieBeaufort areais projected to occur in 1980

In the conclusion of the April report prepared by theNational Energy Board the Board states the National EnergyBoard Act requires that Canadas energy needs be protected andpermits the export only of surpluses in excess of reasonablyforeseeable requirements for use in Canada The table in Figure12 can be used to calculate the future level of exports of gas tothe United States based on this policy of exporting only gassurplus to Canadian needs If only the conventional supply ofgas in Canada is used to calculate the exportable surplus thenexports from Canada will be at level of 530 BCF/year in 1980and would be eliminated by 1985 It is this estimate of futureCanadian exports that is used in the basecase supply figures tocalculate the net economic benefits of building transportationsystem for Alaskan natural gas On the other hand if oneassumes that the frontier areas of Canada will produce gas asshown in Figure 12 then exports from Canada to the United Statescould be as high as 26 TCF/year in the late l980s
An argument made by supporters of an AlaskaCanada System isthat there will be substantial reduction in the exports of gasto the United States if an Alaska.Canada System is notconstructed However to predict what will happen to Canadiansupply if an Alaska-Canada System is not constructed depends onnumber of very uncertain factors

First of all there is an application before the NationalEnergy Board of Canada to build an allCanadian pipeline systemto carry Mackenzie Delta and Beaufort Sea gas Its advocatesargue that the transportation system would be economical Alsoit is not clear that the failure to build an AlaskaCanada Systemwill in fact postpone the production of gas from the East Coastor high Arctic Islands area Finally there is always thepossibility that the Canadian Government may change its policywith regards to exports to the United States and decide thatnatural gas is too valuable commodity to be exported It ispossible that the Government will allow the development offrontier areas of Canada only to the extent that they will meetrising Canadian demand and will not allow their developmentsimply for the purpose of exporting the gas to the United StatesHowever it is important to make some attempt to measure how thebuilding of an Alaska-Canada System may effect Canadian exportsto the United States

The table in Figure 13 gives two estimates of the exportablesurplus in Canada that could be sold to the United States
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1994 2.12 1.74 0.38
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ASSUMING COMPLETION OF ALASKA-CANADA 1997 1.60 1.21
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Figure 13.Projected exportable surplus of Canadian natural gasthrough the year 2000 in TCF

Schedule shows the difference between Canadian supply anddemand based on the supply projections from conventional andfrontier areas shown in Figure 12 This could be the exportablesurplus in Canada assuming that an AlaskaCanada System wereconstructed On the other hand if an AlaskaCanada System werenot constructed then the development of all areas may bepostponed Assuming postponement of three years theexportable surplus in Canada is shown by Schedule ii in Figure13 The difference between Schedule and Schedule ii or theshaded area in Figure 13 is an estimate of the loss of exportsto the United States if an AlaskaCanada System were notconstructed This loss in exports would reach peak in 1987 of19 TCF/year This is an amount approximately two times thecurrent level of Canadian exports to the United States andrepresents approximately 10 percent of the anticipated totalsupply of gas in the United States The estimates of exportsshown in Figure 13 depend crucially on the assumptions madeThere are numerous other scenarios or predictions of futureCanadian demand supply and exports that one might make whichwould give very different results
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Value of Alaskan Natural Gas

The supply of natural gas and the demand curves described
above were estimated for the purpose of determining the value of

Alaskan natural gas to American consumers Lower 48 supplies of

natural gas are likely to be less expensive to produce than

Alaskan natural gas were assumed to be consumed by the lower 48

consumers who would be willing to pay the highest price for gas
If one thinks of natural gas consumers divided into categories
according to the premium that they would be willing to pay for

gas over other competitive energy sources such as oil or coal
lower 48 gas was assumed to go to those categories of consumers
who would be willing to pay the highest premium Alaskan natural

gas was then assumed to be distributed to those consumers who

would be willing to pay the next highest premium

Each additional unit of Alaskan natural gas was given
slightly lower value since as more gas was available only
consumers who would be willing to pay lower premium would be

available to consume this gas The product of the prices times

the number of units was added up to generate the total value of

Alaskan natural gas to consumers The precise technical

procedure used was based on the demand curves constructed for

natural gas which are described earlier The upper lefthand
portion of the demand curve was assumed to be satisfied by lower

48 gas leaving portion of the lower righthand section of each

demand curve to be satisfied by Alaskan gas The trapezoidal
area underneath the segment of the demand curve satisfied by
Alaskan natural gas is in effect the total value of Alaskan
natural gas

In Figure 14 is shown the value of the last unit MCF of

Alaskan natural gas for each year between 1980 and the year 2000
This value ranges between $2.53 and $2.70 The value of Alaskan
natural gas to consumers depends greatly upon the assumed price
for alternative energy sources If the price of the major
alternative energy source imported oil were to increase from
$12 to $15 per barrel the value of Alaskan natural gas would
increase by $0.50 per MCF On the other hand if the price of

imported oil were to drop from $12 to $8 the value of Alaskan gas
would drop by approximately $0.65 per MCF

The value or price that each consumer would be willing to

pay for Alaskan natural gas was estimated at the city gate or in

other words at the point where it left the interstate pipeline
company the wholesaler and entered the local intrastate
distribution or utility company the retailer The city gate
value as described above was calculated by first estimating the

price that consumer would be willing to pay when the gas was

actually delivered to his home business or factory From this

value was subtracted the distributor margin charged by the local
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Figure l4.Projected city gate market value for Alaskan gasbased on three crude oil prices in first quarter 1975dollars

gas utility To the extent this distributor margin is fairestimate of the incremental or marginal costs of actuallytransporting Alaskan gas from the city gate to the actual pointof consumption it would make no difference if the value ofAlaskan natural gas was calculated at the city gate or at thefinal point of consumption However since the supply of naturalgas is likely to decline in the coming decades the actualincremental or marginal cost to local utilities for distributingAlaskan gas to their consumers will be much smaller than thehistorical distributor margins Consequently the value ofAlaskan natural gas has been understated to the extent that thedistributor margins are greater than the actual incremental ormarginal costs of distribution

Some confusion is likely to arise because of the use of thecity gate value for Alaskan natural gas rather than the value at
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the actual point of consumption This confusion is result of
the usual practice in the natural gas industry of averaging or
rollingin the cost of all sources of gas and selling all gas at

single average price As long as some sources of gas remain
much less expensive than other sources because of wellhead price
regulation it is quite possible for the average price charged to
be very much higher than the cost of some sources of gas and much
lower than the cost of other sources This industry practice of
rollingin or averaging can create situation where pipeline
company may purchase gas for resale at price far higher than
consumers would actually be willing to pay if this gas were sold
to them separately from their other gas There have been recent
examples of where natural gas companies have purchased gas for as
high as $5.00 per MCF They have only been able to sell this gas
because it has been averaged or rolledin with large quantities
of gas from conventional sources in Texas and Oklahoma selling
for approximately $0.31 per MCF The fact that it is possible
for such expensive gas to be sold owing to the practices and
regulations in the natural gas industry does not imply that the
true value of gas to American consumers is this high

Conclusions

In order to estimate the value of transporting Alaskan
natural gas to lower 48 markets the market analysis section of
the study provides estimates of the gas which would be supplied
to each region each year through the year 2000 In addition
demand schedules for each region over the same time period were
constructed which give estimates of the amounts of gas which
would be demanded at different prices under three assumed prices
for crude oil $8.00 $12.00 and $15.00 per barrel The supply
and demand projections make it possible to both establish prices
which consumers would be willing to pay for Alaskan gas over
twenty year period and to calculate the benefits to consumers
resulting from transporting the gas to lower 48 markets

Assuming deregulation of new gas prices within interstate
markets and rapid leasing of the outer continental shelf gas
production from lower 48 onshore and offshore wells is expected
to gradually diminish through the end of the century the decline
isprojected to be more rapid if such deregulation or leasing
does not occur Based on price of oil of $12 per barrel the
average value of Alaskan gas at the city gate rises from about
$2.50 per MCF during the early l980s to around $2.70 per MCF by
the year 2000 Under the 800 per barrel oil assumption these
values are $0.65 per MCF lower Under the $15.00 per barrel
assumption they are all $0.50 per MCF higher
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IV SYSTEMS DESCRIPTION

INTRODUCTION

General

Alaskan gas transportation alternatives have centered on two primary types of systems with
differing transportation routes The first is an all pipeline system titled Alaska-Canada System
which transports Alaskan

gas eastward from Prudhoe Bay into Canada then southward to the
United States border and subsequently to markets in the United States through combination of
new and existing pipelines Various

all-pipeline routes are presented with and without comingling
gas from the Mackenzie Delta The second transportation system alternative titled Alaska-LNG
System is combination of pipelines natural gas liquefaction and shipping Prudhoe Bay gas is

transported southward from its source by pipeline to Point Gravina in the Gulf of Alaska Gas
liquefaction is accomplished at the Point Gravina site with subsequent shipping of the liquefied gas
southward to Point Conception on the coast of Southern California Following regasification the
Alaskan gas is provided to United States markets through the use of new and

existing pipelines Two
variations of the

pipeline-liquefaction system have been addressed

The two primary transportation alternatives described above are generally similar to the
applications submitted to the Federal Power Commission by the El Paso Alaska Company and the
Arctic Gas Study group and the study in turn has made use of applicable engineering data provided
by El Paso and Arctic Gas in their applications and by direct communication

There are four principal differences between the Base Case Systems used in this study and
the systems proposed by Artic Gas and El Paso These differences are as follows first the gas flow
schedules used in this study are shown on Table whereas on occasion Arctic Gas uses flow of 2.25

Table .Prudhoe Bay and MacKenzie Delta

natural gas supply flow schedules

Prudhoe Bay Mackenzie Delta Year

1.25 BCFD Avg 0.5 BCFD Avg 1981

2.5 BCFD Avg 0.5 BCFD Avg 1982 1984

BCFD Avg 0.9 BCFD Avg 1985 2000

BCFD from Prudhoe Bay and 2.25 BCFD from Mackenzie Delta and El Paso uses 3.28 BCFD from
Prudhoe Bay second Artic Gas proposes to construct new pipelines to the West Coast and beyond
Chicago to the Pittsburgh area whereas this study adopted system with only one pipeline from
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Canada which terminates in Chicago other regions are supplied by displacement third the

applicants propose the use of snow roads for winter Artic construction whereas this study provides

for snow roads plus 50 percent gravel work pad backup north of the 60th parallel fourth El Paso

proposes to locate their pipeline across Alaska on route nearby but not directly adjacent to the

TAPS right of way whereas the configuration used in this study located the gas pipeline

immediately adjacent to the TAPS right of way for most of its length

The configurations studied within this report are consistent between the two basic

transportation alternatives in that they are appropriately sized for the quantity of gas being

transported and the Alaskan gas flow schedules are identical Care has been taken to insure cost and

schedule estimating consistency and credibility The methods used in estimating are well

established acceptable within the industry and are consistent between the various configurations

For each configuration construction method and approach is identified along with an estimate of

the associated schedule and capital cost An Operations and Maintenance concept is established with

an estimate of the resulting expenses associated therewith Transportation losses or shrinkage is in

terms of BTUs and cubic feet of gas required to operate the systems are also estimated

The information presented below represents the significant procedures and assumptions that

have been followed in developing the Base Case Systems Specific variations from these have been

made for some of the other cases described and are noted where applicable within the descriptions

of these cases

The gas-supply flow rates presented in Table are average daily rates over the full year In

1981 both systems will show buildup in flow reacling the 2.5 BCFD flow by the end of the year
The schedule for the Base Cases assumes January 1976 go-ahead and continuation of gas deliveries

through the year 2000 Capital costs and OM expenses are in 1975 dollars The costs and expenses
do not include financing charges U.S taxes or insurance expense

As stated earlier the systems defined herein as the Base Cases and associated alternatives are

similar but not identical to the systems presented by the applicants to the Federal Power

Commission in their formal applications When reference is made to the applicants systems it is

clearly noted as the Arctic Gas or El Paso application or system The systems defined under the title

of Alaska-Canada and Alaska-LNG are unique to this study

Pipelines

Since the study utilizes gas flows and some pipeline configurations different from those

presented by the applicants new pipeline system characteristics have been developed where

applicable The Canadian custom duty is applied to all items brought into Canada from the U.S and

the Canadian sales tax is applied to the sum of item cost plus duty in accordance with instructions

received from the Canadian Government The tax varies with the type of equipment for example
12 percent on trucks percent on heavy construction equipment and percent on steel pipe The

labor rates used for construction in Canada are the U.S Alaska rates in effect on January 1975
It is recognized that Canadian labor rates are approximately 20 percent lower However in project
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of this magnitude it is assumed that labor must be drawn from both countries and the higher U.S
labor rates will prevail The steel for the pipeline in both Base Cases is assumed to be 100 percent
U.S steel in Alaska and the lower 48 States In Canada it is assumed that 50 percent of the steel will

be fabricated in the United States and 50 percent will be fabricated in Canada Construction above
the lower 48 States uses an owner construction group with construction manager In the lower 48
States construction is carried out by conventional methods Above the 60th parallel the gas is

refrigerated to temperatures below 32 Below the 60th parallel no refrigeration is used
and average gas temperature is above 32 For the gravel work pad backup preliminary estimate

of the necessary gravel thickness has been made and is based primarily on Alyeska work pad
practice The final thickness must be determined by analysis which has not been attempted here

Arctic pipeline construction cost estimates are generated for each item and category shown
in Figure 15 The numbers in parenthesis indicate the fraction of total cost for each category for the

Alaska-Canada Base Case The System Engineering and Management category which provides for the

construction manager and the owners construction group is costed by taking 17 percent of the sum
of all other items direct cost Pipeline construction in the lower 48 States does not use the above

technique but reflects costs based on recent related experience

LNG System

The system is sized for the average daily flows noted in Table An average operating time

of 345 days per year per liquefaction module is used to allow time for maintenance Sizing of the

LNG carrier fleet includes allowances for interruptions due to poor weather and allows time for

drydocking of each carrier for normal maintenance The regasification terminal is sized to allow for

normal maintenance of all system components such as pumps and vaporizers An evaluation of the

LNG System construction schedule has been made relative to the flow schedule given above to

assure that construction could be completed to meet this flow schedule
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IV SYSTEMS DESCRIPTION

ALASKA-CANADA SYSTEMS

Introduction

Several all-pipeline transportation systems for Alaskan natural gas are described in this

section These systems transport Prudhoe Bay gas through Canada to the lower 48 States and

directly transport the gas to at most few major U.S market areas The systems are scheduled to

receive gas at rate of 2.5 BCFD beginning in mid-1981 with subsequent increase to 3.5 in 1985

and continuing through 2000 In the configurations transporting both Prudhoe and Mackenzie Delta

gas the Canadian gas is scheduled to flow at rate of 0.5 BCFD in mid-1980 and 0.9 BCFD in

1985 In the particular configurations carrying Mackenzie gas construction would be complete

from the Mackenzie Delta South in 1980 thus permitting Mackenzie gas to flow approximately one

year earlier then Prudhoe gas This section of the report does not describe the displacement plan

that is assumed to be used to distribute the gas to other regions of the United States This

information is presented in the displacement section of the report Costs for new facilities required

for each displacement plan are presented here however to provide complete system cost

summary for each configuration

Construction for all configurations assumes the use of nine construction spreads and an

attendant construction manager and owner construction group Winter work is planned for all

construction in Alaska and continuing south into Northern Alberta Provision is made for the use of

gravel work pad-roads assumed to be 55 feet wide and .5 feet thick for 50 percent of the distance

above the 60th Parallel in the event snow is not available at the required time and place to meet the

schedule The thickness of the gravel pad represents only preliminary estimate at this time The

final thickness must be determined by analysis which has not been attempted here However

thickness would depend primarily on soil characteristics of the terrain moisture or ice content and

average gravel and soil temperature Conventional winter construction without gravel work pads is

planned in the nonpermafrost areas in the vicinity of the 60th parallel and south into northern

Alberta Construction in southern Alberta and in the lower 48 consists primarily of summer work

The maintenance plan assumed for all configurations consists of six maintenance districts

above the lower 48 with central control station at Calgary Communication to the fully manned

compressor stations is accomplished by microwave radio

The information provided for each configuration consists of brief systems description

estimated schedule capital cost OM expenses arid transportation losses The schedule shows the

time from go-ahead to start up of the system and assumes that no significant amount of engineering

work has been accomplished prior to go-ahead The schedule and capital costs reflect normal

expected periods of bad weather as can currently be estimated expected labor turnover and

significantly reduced labor productivity resulting from the Arctic environment The OM expenses

assume continuous use of manned compressor and maintenance stations Fuel used to power the
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system is not counted as an OM expense but is identified as transportation loss or shrinkage and

used in the calculation of the net economic benefits of the system
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Figure 6.Map and descriptions of the Alaska-Canada Base Case

Base Case System Description

The Base Case configuration described in Figure 16 has been designed to transport Prudhoe
and Mackenzie Delta gas south through Canada to intersect with the TransCanada pipeline and to

continue on to the Midwest region of the lower 48 States The combined gas flows of 2.5 BCFD
from Prudhoe and 0.5 BCFD from Mackenzie initially growing to 3.5 and 0.9 respectively in 1985
are carried by 30 inch 42 inch and 48-inch pipelines from the source to the TransCanada pipeline at

which point the Mackenzie gas less transportation losses is removed From this point on the

48-inch-diameter pipeline is routed through Monchy and directly to Chicago terminating at the

intersection with the Natural Gas Pipeline south of Chicago The pipeline is buried essentially

through its entire length with refrigeration provided approximately above the 60th parallel in order

to maintain gas temperature below 32 The route of the pipeline is the same as that used by the
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Arctic Gas Study group in the appropriate portions of their applications Specific characteristics of

each section of the pipeline are presented in Table

Table -Characteris tics of the various pipeline sections for the Alaska-Canada Base Case

Wall Arctic

Pipe Nom Gas

Thick- Steel Tough- Refrig
Section Miles O.D Pres Temp

ness Grade ness eration

inches PSIG
inches Steel

Alaska 195 42 0.75 1680 32 X-70 Yes Yes

Canada ltd 30 0.45 1680 32 X-70 Yes Ycs

297 42 0.64 1680 32 X-70 Yes Yes

692 48 0.72 1680 32 X-70 Yes Yes

1006 48 0.72 1680 32 X-70 Yes No

Lower 48 1138 48 0.80 1680 32 X-70 No No

The pipeline from Prudhoe to Travaillant Lake has been changed from the 48-inch outside

diameter pipeline shown in the Arctic Gas Study group application to 42 inches in diameter to

reduce capital cost and be consistent with the Alaska-LNG pipeline size out of Prudhoe While

capital costs are reduced as result of the smaller pipe the operations and maintenance expense and

transportation losses are increased Further analysis is needed to determine precisely the optimum
pipeline size for both the Alaska-Canada and Alaska-LNG Base Cases Nevertheless the two Base

Cases are consistent in configuration The pipeline from the Mackenzie Delta region to Travaillant

Lake has been reduced from the 48 inch outside diameter size proposed by the Arctic Gas Study
group to 30 inches to fit the 0.5 BCFD and 0.9 BCFD flow assumed from the Delta

Base Case Schedule

The schedule presented in Figure 17 reflects an assumed go-ahead on January 1976
Alaskan and Canadian pipeline sections and activities commence immediately and in the lower

48 States section approximately three years later in 1979

Significant Alaska-Canada pipeline activities started immediately after go-ahead include soil

investigation aerial photography pipeline design compressor and refrigeration station design

procurement of long lead time items such as tugs and barges and right of way and permit

acquisition Preparation of material and equipment specifications for compressor and refrigeration

stations start approximately 12 months after go-ahead Steel pipe purchase agreements are

completed by September 1977 The first major movements of materials and equipment down the

Mackenzie occurs in the summer of 1978 approximately two and one half years after go-ahead
Camp construction and construction crew mobilization proceeds through the summer of 1978
Construction work starts immediately with site and material preparation for the first winter of
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Figure 17.Construction schedule for the Alaska-Canada Base Case

Arctic construction The nine contractor spreads located from the Mackenzie Delta south to

Caroline complete this portion of the pipeline in the first 197879 and second 197980 winter

seasons During the intervening summer three contractors move to the south and construct the

pipeline between Caroline and the border During the third winter construction season 198081
eight spreads complete the pipeline between Prudhoe and Travaillant Lake Junction Initial startup
is anticipated in May 1981 with final completion of all compressor station work and
demobilization by September 1981

The schedule presented reflects extensive use of snow roads with gravel road backup for 50

percent of the snow roads above the 60th Parallel and no significant delays due to unusual Arctic

conditions The schedule assumes movement of contractor equipment and facilities during the

winter construction seasons primarily on snow roads but with gravel roads used as necessary It is

assumed that winter operation can get underway in early October and will close in early May Since

the estimated progress of construction in the winter season is on the order of 1/2 mile per day per

spread it is to be noted that full winter seasons are needed to complete the work If unexpected
difficulties occur and delays appear imminent the use of the nine contractors for the full period of

construction or any portion of their time beyond that planned plus the use of gravel work pad-roads

into the summer season will help to keep construction on schedule Additional costs would occur in

this event due to the longer work period Construction activities in the lower 48 States are

underway early in 1979 with design and procurement effort Actual construction occurs on
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schedule
compatible with the Arctic progress causing both portions to be completed atapproximately the same time All construction work required to increase the system flow

capability
from 2.5 BCFD to 35 BCFD beginning in January 1985 will be accomplished in 1984
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COSJflflon EXPENSE iniosMACK
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48 21 5160
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MACKENZIE GAS LEAVES PIPELINE 150 MI ABOVE US BORDER

30 IN 00 PIPE MACKENZIE TO TVAJLLANT LAKE
42 IN O.D PIPE ALASKA BORDER TO TRAVAILLANT LAKE

SAN FRANCISCO

Figure S.Capital costs and OM expenses for the Alaska-Canada Base Case
Base Case Capital Cost and Operations and Maintenance Expenses

Capital cost and Operations and Maintenance expenses in first quarter 975 prices are
presented in Figure 18 For reference purposes the capital cost for achieving the 2.5 BCFDcapability is 6492 million Capital costs above the lower 48 States reflect the purchase of steel pipe
from U.S mills for the Alaskan section For the Canadian Segment 50 percent of the pipe is
purchased from U.S mills and 50 percent from Canadian mills New Construction equipment andcamps are provided for the project and are written off over the life of the project Construction
labor costs reflect January 1975 Alaska Alyeska rates Costs include provision for miningstockpiling and spreading gravel sufficient for 50 percent of the work pad-roads between PrudhoeBay the Mackenzie Delta and the 60th Parallel

Pipeline construction in the lower 48 States is accomplished by conventional methods Steel
pipe is assumed to be provided

completely by U.S mills OM methods used in the lower 48 States
are similar to those above the border and are integrated into the overall system

Base Case Gas Flow Rates

Prudhoe
gas flow rates at various stations along the system are presented in Table Gas

flow is reduced at each station as gas is used to power compressors and refrigeration units The
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total transportation losses to Clcago expressed as percent of Prudhoe Bay supply are percent
for the 2.5 BCFD flow and 10.4 percent for the 35 BCFD flow

Table 8.Pipeline gas flow rates at

stations located along route and

corrected .fbr shrinkage for Alaska

Canada Base Case

Station Gas Flow BCFD

dhoe

Monchy 2.380 3.260

Chicago 2.340 3.136

Loss to

Chicago 10.4

Accompanied by 05 BCFD from

Mackenzie

by 0.9 BCFD from

Modified Base Case South Around the Arctic National Wildlife Range

This configuration is identical to the A1askaCanada Base Case described previously except
for the pipeline route between Prudhoe Bay and Travaillant Lake in Canada where the Alaska gas
joins with Canadian

gas from the Mackenzie Delta The new route proceeds in southeasterly
direction from Prudhoe Bay going around the Wildlife Range along the route described in the
Alaskan Arctic Gas application as the Marsh Fork Option The new route is 46 miles greater in total

length than the Base Case and is described in Figure 19 The capital costs associated with the
displacement plan are tl1e same as those for the Base Case

The schedule presented for the Base Case is also applicable for the route around the Arctic
National Wildlife Range Construction activities would be identical except for the Arctic
construction around the Arctic National Wildlife Range where it would be modified to the extent
that work would continue in the summer season in the mountainous region of the route Gravel has
been provided for the work padroad in lieu of snow roads in the mountainous areas As in the Base
Case gravel has also been provided as backup to snow roads for 50 percent of the rest of the route
above the 60th Parallel to help insure the schedule

Capital Cost and Operations and Maintenance expenses in first quarter 1975 prices are

presented in Figure 19 All capital cost items are identical to the Base Case except for the
modification to the pipeline from Prudhoe to Travaillant Lake Owing to the additional distance
capital costs and OM expenses have increased over the Base Case Prudhoe

gas flows at stations

along the route corrected for shrinkage are presented in Table and are slightly higher than the
Base Case due to the additional length of the pipeline as indicated previously
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Figure l9.Map description and costs for the AlaskaCanada Base Case with modified routingsouth of the Arctic National Wildlife Range

Table 9.Pipeline gas flow rates at stations
located

along route and corrected for shrink
age for the Alaska-Canada route south of the
Arctic National Wildlife Range

Station Gas Flow BCFD

Prudhoe 2.51 352
Monchy 2.377 3.252

Chicago 2.337 328
VLoss

to Chicago 6.5 10.6

Accompanied by 05 BCFD from

Mackenzie

Accompanied by 0.9 BCFD from

Mackenzie
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Alternate Gas Distribution Case 75 Percent To Midwest and East 25 Percent To West

This configuration is similar to that shown in the Arctic Gas application and carries gas to

the West Coast East Coast and Midwest with all new pipelines and does not use displacement in the

lower 48 States In comparing this system with the Arctic Gas System the primary differences are

The same route as the applicant is taken throughout the system except that the pipeline

from Kingsgate British Columbia to Los Angeles has been eliminated

Pipeline dimensions have been reduced from the 48-inch-diameter pipeline of the

applicant to 42 inches in the section between Prudhoe Bay and Travillant Lake Also the

pipeline from the Mackenzie Delta to Travaillant Lake has been reduced in diameter

from 48 inches to 30 inches

The assumed flow differs also from the applicant in that final flow from Prudhoe and
Mackenzie is 3.5 BCFD and 0.9 BCFD respective1y whereas the applicant assumes 2.25

BCFD fromToth sources All Mackenzie gas is assumed to remain in Canada leaving the

new system via the TransCanada Pipeline in Saskatchewan

This system has been designed to transport gas from Prudhoe and the Mackenzie Delta south

through Canada to intersection with the TransCanada Pipeline system in Canada and to meet
pipelines constructed in the lower 48 States at Kingsgate and Monchy Flow rates are the same as

the Base Case The lower 48 pipeline heading eastward transports 75 percent of the Prudhoe gas to

the Midwest and East Coast The pipeline heading south and west carries 25 percent of the gas to

the West Coast This gas distribution is purely hypothetical and is used to permit specific

design of the pipeline system

The combined Prudhoe and Mackenzie gas flows are carried by 30-inch 42-inch and 48-inch

pipelines from the source to the bifurcation point at Caroline From this point to Monchy Alberta
the pipeline is 42 inches in diameter and to Kingsgate B.C the pipeline is 36 inches in diameter
From Kingsgate to San Francisco the pipeline is 36 inches in diameter The pipeline from Monchy
to Chicago is 42 inches in diameter and from Chicago to Pittsburgh the pipe diameter is 36 inches

Two-thirds of the gas moving in this pipeline is dropped off at Chicago with the other third going to

the end of the pipeline in the Pittsburgh area The pipeline is buried essentially through its entire

length with refrigeration provided approximately above the 60th parallel in order to maintain gas

temperature below 32F The pipeline from Kingsgate to San Francisco is considered representative
of pipeline construction alternatives which will move gas into the western United States Other
pipeline configurations to the West Coast were examined and the costs associated with them appear
to be about the same as the Kingsgate to San Francisco pipeline described above Specific

characteristics of the system are presented in Table 10

The schedule presented for the Base Case is also applicable for this configuration

Construction activities above the lower 48 differ only in the area below Caroline Alberta where
this system includes 28 miles of 36 inch pipeline to Kingsgate B.C This section of pipeline can be

constructed in the summer and thereby uses Arctic construction spreads which woud otherwis be

idle Construction in the lower 48 while being more extensive than the Base Case can be

accomplished in the same time period by increasing the work force
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Table O.Characteristics of the various pipeline sections for the Alaska-Canada System whichdelivers gas 75 percent to the Midwest and East and 25 percent to the West

Wall
Arctic

Pipe Norn Gas
Thick-

Steel
Tough- Refrig

Section Miles 0.1 Pres Temp
ness Grade ness erafloninches PSIG

inches
Steel

Alaska
42 0.75 1680 32 X-70

yes yes

Canada 161 30 0.45 1680 32 X-70 yes yes

297 42 0.64 1680 32 X-70 yes yes

1548 48 0.72 1680 32 X-70
yes yes

150 42 0.64 1680 32 X-70
yes no

281 36 0.54 1680 32 X-70
yes no

Lower48 809 42 075 1680 32 X-70 no no

329 42 0.64 1440 32 X-65 no no

481 36 0.64 1440 32 X-65 no no

Lower48 917 36 0.64 1440 32 X-65 no no

The construction methods and assumptions discussed previously for the other cases areunchanged for this configuration Similarly the operations and maintenance techniques are notdifferent The cost data presented in Fiire 20 reflects those costs peculiar to this configurationwith its specific pipeline characteristics and gas flows described previously Prudhoe gas flow rates atstations along the route corrected for shrinkage are presented in Table 11

Fairbaks..Alean Highway Case

This configuration transports only Prudhoe
gas throughout its entire length delivering gas tothe midwest region of the lower 48 States The pipeline departs Prudhoe in southerly directionalong the Alyeska right of way paralleling the oil pipeline and using the existing Alyeska work padand camps to Fairbanks From Fairbanks the route moves to the Alcan Highway essentiallyparalleling the highway until reaching Grand Prairie near Edmonton From this point south theroute is same as the Base Case passing through Caroline and

arriving at Monchy at the U.S borderBeginning at Prudhoe the 42-inch diameter pipeline is identical to the Base Case Howeverthroughout the lower portions of the route owing to the absence of Mackenzie gas the pipelineremains smaller in dimension or horsepower than the Base Case At approximately the 60th Parallelrefrigeration ceases as it does in the Base Case and 48-inch diameter pipeline is provided fromthis point on Compression horsepower and transportation losses are less than the Base Case owingto the lesser gas flow The lower 48 pipeline is identical to the system defined in the Base CaseDistribution of the gas from the Chicago area to the market regions of the lower 48 States is treated
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Figure 20.Map description and costs for Alaska-Canada System that delivers gas 75 percent to

the Midwest and East and 25 percent to the West

Table 11Pipeline gas flows at stations located along route

and corrected for shrinkage for the Alaska-Canada System
that delivers gas 75 percent to the Midwest and East and 25

percent to the West

Station Gas Flow BCFD

Prudhoe 2.51 352

Monchy 1.772 2.380

Kingsgate 0.596 0.807

San Francisco 0.587 0789

Chicago 1.163 1.533

Pittsburgh 0.570 0740

loss to San Francisco Chicago

and Pittsburgh 7.2 12.5

Accompanied by 0.5 BCFD from Mackenzie

Accompanied by 09 BCFD from Mackenzie
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in the section of the report treating displacement Specific characteristics of the pipeline are

presented in Table 12 The schedule presented for the Base Case is also applicable for this system
The Fairbanks-Alcan highway route is 148 miles longer than the Base Case route but due to use of

the Alyeska rightof..way and the Alcan Highway coupled with less construction on the north

slope the schedule is assumed valid As noted by the mileage summary in Figure 21 much smaller

portion of the construction occurs in Canada Within Canada greater amount of construction is in

British Columbia rather than Alberta as in the Base Case

Table 2.Characteristics of the various pipeline sections for the FairbanksA lean routing

of the Alaska-Canada System

Wall Arctic

Pipe Nom Gas
Thick- Steel Tough- Refrig

Section Miles O.D Pres Temp
ness Grade ness eration

inches PSIG

inches Steel

Alaska 786 42 0.75 1680 32 X-70 yes yes

Canada 503 42 0.64 1680 32 X-70 yes yes

1210 48 072 1680 32 X-70 yes no

Lwer48 1138 1680 32 X-70 no no

2.5 BCFD35 BCFD PRUDHOE

PIPE 0.0 CAPITAL 0Mannual
PRUDHOE SEGMENT in MILES

COSTmillions EXPENSE millions

42 in 0.0
42 786 1887 15

481 1713 3257 17
FAIRBANKS

48 1138 1366 18

15

60th- TOTAL 3637 6525 50
42 O.D PARALLEL

Il Note

EDMONTON
503 ml of 42 in pipe from Alaska

48 in 0.0 CAROLINE border to 60th parallel

MONCH

//1

48 in 0.0 CHICAGOY PITTSBURGH

SAN FRANCISCO

Figure 21 Map description and costs for the Fairbanks-Alcan routing of Alaska-Canada System
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Figure 21 presents summary of capital costs for this configuration Capital costs reflect the

use of the Alyeska right-of-way and construction camps above airbanks When the Alyeska right of

way is used it is assumed that the pipeline would be buried on the opposite side of the work pad in

position similar to the oil pipeline Snow work pads-roads will be used as much as possible

however as in the Base Case gravel is provided as backup to 50 percent of the distance to insure the

schedule The capital costs and OM expenses reflect the lesser horsepower and reduced pipeline

dimensions from the Base Case resulting from the reduced flow rate as indicated above Prudhoe gas

flows at stations along the route corrected for shrinkage are presented in Table 13 The Capital

cost for this system are less precise than the other systems due to the reduced amount of available

geophysical data

Table 13 Pipeline gas flow rates at stations located along route

and corrected for shrinkage for the Fairbanks lean route

Station Gas Flow BCFD

Prudhoe 2.5 3.5

Monchy 2.406 3.255

Chicago 2.366 3.167

Loss 54 9.5

to Chicago

Summary and Conclusion

By way of summary presented here and in Table 14 is an overview of the significant

elements of the various Alaska-Canada configurations discussed previously All systems presented

are considered feasible Except for the Fairbanks-Alcan Highway system all systems combine

Prudhoe Bay gas with Mackenzie gas for transportation to U.S and Canadian markets All

Mackenzie gas remains in Canada being removed from the system through the TransCanada

pipeline in Alberta

The Base Case and the modified Base Case differ only in the route between Prudhoe Bay and

Travaillant Lake in Canada The Base Case when modified by routing around the Arctic National

Wildlife Range incurs an additional construction cost of $495 million owing to the longer route and

associated mountainous construction further result of the modification is an increase in annual

OM expenses of $1 millionand transportation losses of 0.2 percentage points for the 3.5 BCFD flow

The Alternate Gas Distribution Case patterned after the configuration filed by the Arctic

Gas Study group is more costly than the Base Case by $963 million in capital costs and $8 million

per year in Operations and Maintenance expenses Further the transportation losses or shrinkage is

increased by 2.1 percentage points The increase in cost and shrinkage for this system results from

the approach taken for gas distribution in the lower 48 States The advantage of distributing gas by

displacement through existing pipelines rather than providing new pipelines to California and the

East Coast is reflected in the lower capital costs and shrinkage

The Fairbanks-Alcan Highway system is smaller in pipeline dimensions and compression

horsepower than the other systems owing to the absence of the Mackenzie gas As result the

Fairbanks-Alcan Highway system is $592 million less costly than the Base Case OM costs are less

by $27 million annually and shrinkage less by 0.9 percentage points for flow of 3.5 BCFD
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Table l4.Summary and comparison of the Alaska-Canada Base Case and its three variations

CostFlow BCFD
loss ConstructionMillionsCase

OM
Completion

Millions
DateTotal Total1981 1984 1985 2000 Total

1981 1984 1985 2000U.S Canada

Base Case 2.51 352
7.1 17 1957 5160 77 6.4 10.4 Same for all i.e

initial start upModified Base 25l 352 7612 2523 5089 78 6.5 10.6 May 81 finalCase South

Sept 81
oc

of National

Wildlife Range

Alternate Gas 2.51 352 8080 2503 5.577 85 7.2 12Distribution

Case 75 Mid

west and East

25 West

Fairbanks-Alc
Highway Case

6525 3268 3257 50 5.4 9.5

ccompanied
by 0.5 BCFD from the Mackenzie Delta

2Accompanied by 0.9 BCFD from the Mackenzie Delta
Totaflosses to end of pipeline in the lowe 48 state



IV SYSTEMS DESCRIPTION

ALASKA-LNG SYSTEMS

Introduction

The Alaska-LNG System as shown in Figure 22 transports Prudhoe Bay gas by pipeline

across Alaska using the Alyeska right-of-way to Point Gravina on the southern Alaska coast At

Point Gravina the gas is liquefied and loaded aboard LNG tankers fleet of tankers then delivers

the liquefied gas to Point Conception California where it is regasified short pipeline to Arvin

California connects the gasification facility to existing gas pipelines The distribution of gas to the

various market areas within the lower 48 States is accomplished by displacement plan The system

is scheduled to receive an average of 1.25 BCFD from Prudhoe Bay in 1981 2.5 BCFD from 1982

through 1984 and 3.5 BCFD from 1985 to 2000 These flows minus the gas consumed by the

system shrinkage are delivered to the lower 48 States The discussion in this section describes the

configuration schedule capital costs plus the OM expenses and transportation losses for Base

Case and an Optimized Case of the system The major differences between the two cases are an

improved efficiency of the liquefaction system for the Optimized Case which reduces the
gas

shrinkage and an improved Alaskan labor productivity which lowers the capital cost

Base Case Systems Description

The Base Case is similar to but not identical with the systems described in the September

1974 application by the El Paso Alaska Company for the Alaska pipeline Point Gravina

liquefaction and marine terminals and LNG carrier fleet The Point Conception California LNG
regasification terminal and the pipeline from Point Conception to Arvin California is similar to but

not identical with the system described in the March 1975 supplementary application by the

Western LNG Terminal Company The following discussion describes the segments of the system

and provides data on the amounts of gas consumed by each segment expressed as percentage of

the total amount of gas energy supplied from Prudhoe Bay

For approximately 750 miles the
gas pipeline across Alaska is located within the TAPS

corridor and is placed adjacent to the existing Alyeska work pad on the side opposite the oil

pipeline This location is selected to minimize environmental damage and to allow maximum use of

the existing work pad The Alyeska work pad area is extended by additional tree clearing of 50 feet

and pad addition of snow or gravel over the trenching area assumed to be 20 feet wide Gravel for

the 20-foot pad addition is provided for 50 percent of the route as back up to snow in the event

sufficient snow is not available when needed At the point ot departure from the Alyeska

right-of-way in the vicinity of Valdez continuing to Point Gravina the work pad-road is gravel

In the application by the El Paso Alaska Company the pipeline is located on separate

right-of-way from that used by Alyeska and no use is assumed to be made of the existing work pad

onstructed for the trans-Alaska oil pipeline In the Base Case pipeline configuration presented here
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Figure 22.Map and description of the Alaska-LNG Base Case configuration

the placement of the gas pipeline adjacent to the existing Alyeska work pad will have number of

significant environmental and construction advantages It will concentrate environmental impacts as

much as possible on the already impacted Alyeska right-of-way Also making use of the existing

work pad will reduce the need for additional supplies of gravel and will thus reduce the impact on

the environment of opening new or expanding existing gravel quarries The Base Case configuration

will also take advantage of the geophysical data gathered in the construction of TAPS One

disadvantage of this configuration is the possible danger to the oil pipeline if the gas pipeline were

to suffer rupture If further studies show that the hazards to the oil line are too great then the gas

pipeline can be located on separate right-of-way which would follow the same general route as the

Alyeska pipeline but could be sufficiently far away so as to eliminate any safety problems This

alternative to laying the pipeline adjacent to the existing gravel pad would not significantly change

costs over what is shown in the Base Case Another possibility is that the gas pipeline could be laid

immediately to one side of the all-weather road which parallels the oil pipeline This would produce

approximately the same construction and environmental advantages as laying the line

adjacent to the Alyeska work pad

Also in the application by the El Paso Alaska Company it is assumed that snow roads and

snow work pads will be used almost entirely in the construction of the pipeline This complete

84



reliance on winter construction using snow roads significantly increases the risk of meeting the

proposed schedule Consequently the use of gravel as backup for the snow road-pads is assumed

to insure the schedule

The Alaska pipeline of 825 miles is buried and is constructed of 42-inch-diameter steel pipe

with arctic toughness The pipeline operates at maximum pressure of 1680 psig and temperature

of less than 32 The compression and refrigeration are provided by approximately equally spaced

gas turbine driven compressor and refrigeration stations The gas turbines are fueled by the gas being

transported and consume 1.9 percent of the 2.5 BCFD supply and 3.5 percent of the 3.5 BCFD

supply from Prudhoe Bay Specific characteristics of the Alaska gas pipeline are shown in Table 15

Table 15 Characteristics of the Alaska pipeline section for the

laska-LNG Base Case

Pipe Thick- Nom Gas Arctic

Length Steel Refrig
O.D ness Press Temp Tough-

Miles Grade eration

inches inches psig ness

825 42 0.75 1680 32 70 yes yes

The LNG system is portion of the Alaska-LNG System and is shown in Figure 23 It

consists of gas treatment and liquefaction system at Point Gravina Alaska shipping system to

transport the liquefied gas to Point Conception California and receiving system at California to

regasify and distribute the gas to existing pipelines Prior to entering the liquefaction system at

Point Gravina the gas is treated to reduce its carbon dioxide and water content The reduction of

carbon dioxide is required to prevent deposits of solid carbon dioxide in the cryogenic equipment

The removal of water vapor will prevent moisture from freezing and plugging cryogenic equipment

The gas then enters the liquefaction process as shown in Figure 24 This process utilizes propane

ethane and methane refrigerants derived from the supply gas to liquefy the supply gas in three

successively lower temperature stages After the gas is liquefied it is flashed to reduce its nitrogen

content The flash vapors contain considerable amount of gaseous fuel which is used to provide

most of the liquefaction plant power The liquid gas at minus 256 is then stored in four storage

tanks with capacity to hold approximately 2.5 days of supply at flow of 3.5 BCFD The plant is

constructed in modular form with six modules required for the 2.5 BCFD and eight modules for

the 3.5 BCFD flow The modular construction allows normal maintenance of each module without

flow interruption of the other modules Power is obtained from gas turbines steam turbines and

boiler steam using the flashed gas as fuel The liquefied gas is then pumped into storage tanks

1200-foot pipeline supported on trestle extends from the shore to the carrier loading point where

two carriers can be loaded simultaneously Figure 25 shows the configuration of typical 165000

cubic meter LNG-carrier

In order to describe the gas shrinkage occurring during liquefaction it is necessary to

express shrinkage in terms of gas energy used by the process This is because the energy per unit of

the liquefied gas leaving the liquefaction system is greater than the energy per unit of gas entering

owing to removal of impurities plus the higher boiloff rates of the more volatile and lower energy
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Figure 21Description of the LNG portion of the Alaska-LNG Base Case
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content portion of the gas The amount of energy shrinkage as result of liquefaction is calculated

to be 7.6 percent for the 2.5 BCFD flow and 7.5 percent for the 35 BCFD flow

major design criterion for the liquefaction plant is prevention of significant damage
causing long term flow interruptions due to storm waves or seismic activity The site topography is

low and rolling but is located at an elevation sufficiently high to afford protection from the highest

historically recorded and predicted storm waves Although the area has had history of seismic

activity there are no known active faults at Point Gravina The plant is designed and will be

constructed to minimize damage resulting from seismic activity however it is likely that severe

earthquakes in the vicinity of the plant would produce considerable damage

The LNG carrier fleet transports the liquefied gas from Point Gravina Alaska to Point

Conception California For the 2.5 BCFD flow the LNG carrier fleet will consist of eight carriers

Each carrier has an average surface speed of 18.5 knots and is capable of completing the round trip

voyage between Alaska and California in approximately 12 days The total fleet transports 231 ship

loads of liquid gas annually For the 3.5 BCFD flow the carrier fleet consists of 11 ships and

transports 323 ship loads of LNG annually to the regasification plant at Point Conception
California Each carrier has capacity to handle .2 days of the liquefaction plant output at this

flow portion of the liquid gas boils off during the trip This boihoff gas is used to power the

carrier propulsion system During the return trip most of the propulsion power is provided by fuel

oil The amount of supply gas energy shrinkage used in shipping is calculated at 1.4 percent for the

25 BCFD flow and 1.3 percent for the 3.5 BCFD flow

The LNG carriers arrive at marine berthing and unloading facility at Point Conception
California These facilities are 4600 feet offshore in 60 feet of water and can unload two carriers

simultaneously Pipelines supported by trestle extend from the carrier unloading points to the
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shore The liquid gas is pumped into four storage tanks with capacity of 2.5 days supply at 3.5

BCFD flow prior to entering the regasification system as shown in Figure 26 The liquid is pumped

from the tanks and vaporized by heat exchange with seawater In order to maintain temperature

control of the vaporized gas gas-fired trim heaters raise the seawater vaporized gas to temperature

of 50F In addition gas-fired peaking heaters allow for the vaporization of up to 1.0 BCFD above

the normal design capacity of the seawater vaporizers when demand exceeds supply for short

periods or when seawater vaporizers require maintenance The system compresses the gas to

pressure of 1440 psig for delivery to pipeline from Point Conception to Arvin California where it

connects with existing gas distribution lines The system pumps and compressors are driven by

electrical motors Electrical power is provided by the local electrical utility The amount of supply

energy shrinkage as result of gas usage by gas-fired vaporizers is calculated at 0.1 percent for the

2.5 and 3.5 BCFD supply flow from Prudhoe Bay
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Figure 26Schematic of the LNG regasification System

With regard to safety the major hazard is associated with spillage of liquid gas on water

followed by ignition The potential causes for such an event would be either two-ship collision in

which LNG carrier cargo tank is penetrated by the striking ship or an unloading system failure at

the carrier unloading berth collision spill is expected to release much larger volumes of liquid gas

than an unloading system failure spill since the unloading system incorporates equipment which can

shut off flow soon after spill is detected Planning is currently underway to provide special ship

traffic lanes and safety controls during LNG carrier operations Additionally the sites selected for

the receiving terminal and the regasification facilities are located in remote area not close to any

large population center Most safety experts including the U.S Coast Guard agree that ignition of

the vapor caused by ship collision spill would occur almost immediately following cargo

penetration It is therefore unlikely that vapor cloud could drift any appreciable distance and

then be ignited causing thermal radiation and explosion hazard to other than the immediate area

The vaporized gas enters the pipeline system from Point Conception to Arvin California

The pipeline system consists of two parallel 42-inch-diameter pipes which transport the gas over

distance of 142 miles The pipeline has an outside diameter of 42 inches wall thickness of 0.64
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inches and operates at nominal pressure of 1440 psig The gas enters the pipeline at temperature

of 50F and no refrigeration is provided Pipeline material is X65 steel with no special low

temperature toughness required From Arvin gas is delivered directly to the West Coast and through

displacement plan to other regions of the country Details of the gas displacement plan and

exchanges are given in the Displacement Analyses section of this report

Base Case Schedule

The Alaska pipeline schedule shows the time from go-ahead to startup of the system and

assumes that no significant amount of engineering work has been accomplished prior to go-head

The schedule does take into account normal expected periods of bad weather as can currently be

estimated normal labor turnover and significantly reduced labor productivity resulting from the

Arctic environment Pipeline productivity is limited by the stringer bead welding crew Pipeline

construction starts immediately after go-ahead and includes soil investigation aerial photography

pipeline design compressor and refrigeration system design procurement of long lead time items

plus right-of-way and permit acquisition Preparation of material and equipment specifications for

compressor and refrigeration stations starts approximately 12 months after go-ahead Steel pipe

purchase agreements are completed by September 1977 with first pipe delivery in February 1978

Contractor facilities are delivered in the last half of 1977 with camp refurbishment and construction

crew mobilization completed by May 1978 Construction work starts immediately with site and

material preparation for the first winter of construction Six contractors located from Prudhoe

south to Point Gravina complete the pipeline construction by the close of the summer season in

1980 Initial startup is anticipated in December 1980 with final completion of all compressor work

and demobilization by September 1981 The schedule presented reflects use of snow work pads

with gravel backup extending beyond the existing Alyeska work pads Winter work is planned for most

construction of the pipelines It is assumed that winter operations can get under way in early

October and will close in early May Gravel for 50 percent of the work pads as discussed previously

will provide if necessary the ability to work in the early fall This provision is made to permit

pipeline construction in the event snow is not available The Alyeska construction camps are

assumed to be used and no new construction camps are required however renovation of these

camps is required

The liquefaction system schedule starts with engineering in 1976 followed by

precommitment and procurement initiation of major equipment such as compressors turbines large

pumps heat exchangers valves storage tanks and boilers during this same year Concurrently

preliminary site surveys topographical surveys and soil investigations for the Point Gravina site are

performed during this period As these items are completed some site preparation work is

performed in 1976 including establishment of temporary landing site partial camp construction

site clearing grading road construction site drainage and the installation of temporary batch

concrete plant final concrete batch plant is completed in early 1977 and camps are completed in

the later part of 1977 Construction of the first liquefaction module and associated equipment

begins in early 1978 and its startup occurs in February 1981 The remaining five modules are

completed and started up at approximately two month intervals so that all six modules necessary

to liquefy the 25 BCFD flow from Prudhoe Bay are operating by December 1981 The partial

operation of the liquefaction system during 1981 provides an average flow of 1.25 BCFD In order
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to liquefy 3.5 BCFD Prudhoe Bay flow by January 1985 the construction of the remaining two

liquefaction modules and associated ancillary equipment starts in mid-l 981 with startup of the

seventh module in October 1984 followed by startup of the eighth module in December 1984 By

January 1985 all of the eight modules are operating and liquefying 3.5 BCFD flow from Prudhoe

Bay

The engineering and construction of the LNG carriers starts in 1976 There are seven

shipyards in the United States with capacity to construct 165000-cubic meter LNG carriers Of

these shipyards three are currently engaged in the construction of 125000- to 130000-cubic meter

carriers and will have the background and experience to build carriers of the type required to deliver

LNG carrier must be available for LNG delivery soon after the first liquefaction module startup

in February 198 An additional seven carriers must be available as required by the startup of the

remaining five modules of the liquefaction system For the 3.5 BCFD flow at the end of 1984 three

additional carriers are required The fabrication of eight ships to meet the liquefaction schedule of

the first six modules in 98 requires ship construction at minimum of three shipyards The first

three carriers are delivered from three of the seven yards at 2-month intervals starting in November

1980 These same yards then deliver three more ships at 2-month intervals The last two ships

provide total of eight necessary to handle the 2.5 BCFD flow in 1982 and are delivered by

November and December 1981 The three additional ships to handle the 3.5 BCFD flow are

delivered from the shipyards at the end of 1984 providing total of 11 LNG carriers

It is considered more practical to construct the Point Conception regasification terminal to

handle the full 3.5 BCFD Prudhoe Bay gas flow during early 1981 even though an average capacity

of only 1.25 BCFD is required in 1981 and 2.5 BCFD from 1982 to 1984 This is based on the

greater efficiency of completing all work in one phase as opposed to partial completion and

reorganization of the work force in later years Because of the smaller magnitude of the

regasification terminal construction task engineering can begin in 1977 Procurement of major

equipment starts in mid-i 977 with emphasis on the LNG storage tanks Construction starts in 1978

by providing temporary construction facilities concurrently with site preparation building of roads

and fences Installation of equipment starts in mid-1978 with completion of all construction by late

1980 Startup of the system is completed during 1981

The construction of the two 42-inch pipelines from Point Conception to Arvin California

starts in 1979 with design and procurement efforts Installation occurs on schedule compatible

with the arctic progress allowing both portions to be completed at approximately the same time

Design and procurement of equipment required for displacement starts in 1979 and is completed on

schedule compatible with delivery of the gas to the West Coast Figure 27 shows the overall

schedule for all segments of the Alaska-LNG Base Case System

Base Case Capital Costs

The capital costs of the Alaska-LNG System are estimated for all portions of the system

previously described All costs arc expressed in first quarter 1975 dollars The costs estimates

include the cost of engineering management land materials equipment transport facilities

construction and system startup Figure 28 summarizes the capital costs and OM expenses for all

segments of the Alaska-LNG Base Case System Additionally the volumetric and energy shrinkage

of the gas delivered from Prudhoe Bay to the U.S markets is included For reference purposes the

capital cost required to achieve 2.5 BCFD are 5783 million
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Figure 27.Map and schedule of the Alaska-LNG Base Case
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Figure 28.Capital costs OM expenses and shrinkage for the Alaska-LNG Base Case
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The capital cost for the Alaska pipeline system is based on procuring and transporting all

materials and equipment from the United States for pipeline construction from Prudhoe Bay to Point

Gravina and assumes the use of an owner construction group with attendant construction management

Each of six contractors construct approximately 30 miles of pipeline Estimation of construction

labor and equipment requirements reflects differences in productivity for each of the six sections of

pipeline based on the degree of difficulty expected Construction labor costs reflect January 1975

Alaska Alyeska labor rates Construction is assumed to occur only in the winter except for

selected mountainous portions of the system where summer construction is required No costs for

new construction camp are included owing to the use of the Alyeska camps however refurbishment

costs are included All construction equipment is new and is assumed to have salvage value of

approximately 25 percent of the new price The total capital cost for the Alaska pipeline

System is $2159 million

The capital cost for the liquefaction system includes the cost of engineering gas treatment

liquefaction utilities storage plus the marine terminal and LNG carrier loading systems

Liquefaction plant labor costs are based on an Alaskan productivity factor of 0.53 as compared to

U.S Gulf Coast factor of 1.0 Prices for equipment and most bulk commodities are based on

quotations from U.S sources Major subcontracts include such items as site preparation roads

fencing marine work pipelines tankage buildings and heliport The liquefaction system cost

includes the cost of royalties that must be paid to Phillips Petroleum Company who is the licensor

for the type of liquefaction process selected The total capital costs for the liquefaction system and

marine terminal are estimated at $2040 million

The capital cost of the shipping system includes the cost of the fleet of 11 LNG carriers the

trial runs of the carriers to test their performance shore facility and support costs and preoperating

expenses The cost of the carriers is to some degree dependent on the type of LNG containment

system selected Of five basic systems under consideration the cost of the Conch freestanding tank

design was used Cost of the carriers includes ice strengthening and other factors related to arctic

service and is based on construction in U.S shipyards as required by the Jones Act The total cost

savings which would result from purchasing foreign built LNG carriers and service vessels amount to

approximately 20 percent of the U.S capital costs Of these savings by far the largest element

results from savings in shipyard costs he shore facility and support capital costs include structures

buildings service vessels liquid nitrogen facilities fuel storage and transfer shore communication

equipment and provisioning facilities Preoperating capital costs include crew training and

indoctrination ship trial runs and the cost of the initial ship voyage from the shipyard to Alaska

Since ships of the size necessary could not use the Panama Canal those ships which are built at East

or Gulf Coast shipyards must make the voyage around Cape Horn to arrive in Alaska The total

capital cost of the shipping system is estimated at $1687 million

The capital cost of the regasification system includes the cost of marine facilities to unload

LNG carriers the storage and transfer facilities vaporization facilities utility systems and other

associated ancillary systems It is assumed that all of the skilled and unskilled construction labor for

construction will be obtained from Southern California with productivity factor of 0.8 as

compared to 1.0 at the lower U.S Gulf Coast The total capital cost of the system is estimated at

$328 million
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The capital cost of the pipeline between Point Conception and Arvin California is based on

prevailing costs for pipeline materials and construction in the lower United States The total capital

cost is estimated at $217 million The capital cost of the displacement system is estimated at $592

million Details are provided in the Displacement Analyses section of this report

Base Case Operations and Maintenance Expenses

The operations and maintenance expenses of all segments of the Alaska-LNG System

include normal personnel administrative and maintenance expenses plus consumables such as oil

electrical power and chemicals The supply-gas fuel to operate the system is not included in the

expenses but is reflected in the calculations of economic benefits to the Nation described in later

section of this report

The Alaskan pipeline expenses reflect the use of manned compressor and maintenance

stations throughout the system with central dispatching and control center at the liquefaction

plant site using microwave radio communication system Two maintenance districts are planned

with maintenance equipment and spare parts provided as appropriate The annual OM expenses of

the pipeline are estimated at $13 million for the 2.5 BCFD Prudhoe Bay flow and $26 million for

the 3.5 BCFD flow

The liquefaction plant is operated remotely from centrally located control building The

plant is esigned to provide full capacity flow with each module operating 345 days per year This

leaves an allowance of 20 days per year year for module downtime This allowance is considered

adequate for emergency and normal maintenance The fuel to operate the system is derived from

the gas Other consumables such as chemicals normally replaced parts and required maintenance

are part of the expenses The annual OM expenses of the liquefaction system are estimated at

$44 million for the 2.5 BCFD flow and $55 million for the 3.5 BCFD flow

The shipping fleet expenses include the salaries of the crew crew subsistence crew

repatriation ship maintenance and repair ship stores port charges and shoreside expenses As is

the case for the liquefaction system the gas consumed by the ships to operate the propulsion system

is reflected as reduction in benefits owing to lesser amount of gas delivered Other consumables

such as fuel oil used during the return voyage and liquid nitrogen used to purge the ship LNG cargo

holds are part of the expenses The annual OM expenses for the fleet are estimated at $37

million for the 2.5 BCFD flow and $50 million for the 3.5 BCFD flow

The Point Conception California regasification system includes expenses for personnel

plant maintenance and spares plus consumables such as water-treatment chemicals and electrical

power for the main seawater vaporizers and gas compression system The estimated annual OM
expenses for this system are $15 million for the 2.5 BCFD flow and $18 million for the

3.5 BCFD flow

The 142-mile pipeline system from Point Conception to Arvin California has no

compression stations since sufficient pressure is provided by the regasification system to transport

the gas over this distance Consequently the system has low OM expense to cover periodic
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inspection of the two parallel pipelines for leaks or ruptures The annual OM expenses are

estimated at $50000 for the 2.5 BCFD flow and $90000 for the BCFD flow

Base Case Gas Flow Rates

As result of transportation losses shrinkage from gas used to power various items of

equipment plus other losses within the Alaska-LNG System the initial gas flow from Prudhoe Bay is

reduced to lower volumes along the route It is noted that the energy per unit of gas increases

during the liquefaction and shipping process as explained in the previous discussion The resulting

gas flow rates and their energy content per unit of gas are shown in Table 16

Table 16.Gas flow rates at stations located along route

and corrected .fbr shrinkage for the Alaska-LNG Base

Case

Station Gas Flow BCFD

Prudhoe 2.5001 3.500W

Liquefaction Plant 2.4521 33791

LNG Carriers 22012 30332

Regasification Plant 2.164s 2982s

Pipeline to Arvin 2.161s 2.978s

Arvin California 2.16l 2.978s

1125 BTU Per CU ft

1155 BTU per cu ft

1158 BTU per cu ft

Optimized Case System Description

The El Paso Alaska Company has recently introduced new design for the liquefaction

system portion of their proposed system This design represents major improvement over the

system used in the AlaskaLNG Base Case and has about twice the efficiency of liquefaction

facilities now in operation one half the shrinkage The increasing value of natural gas is obviously

causing reexamination of liquefaction system designs with an eye toward higher efficiency The

recent introduction of this new design leaves insufficient time for any indepth analysis necessary to

confirm or deny the improved efficiency therefore this improvement is not used as the Base Case

However limited review of the proposed improvements found no major analysis or system design

errors and these improved efficiencies are probably achievable For this optimized case no changes

have been made to the other subsystems identified in the Base Case Figure 29 summarizes the

capital costs and OM expenses for all segments of the Optimized Case Alaska-LNG System

Additionally the volumetric and energy shrinkage of the gas delivered from Prudhoe Bay to U.S

markets is included

There are number of differences in the design of the Optimized Case liquefaction plant

and the Base Case plant that result in greater energy efficiency In the Base Case design the propane
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refrigeration compressors are driven by relatively low efficiency gas turbines and the ethane and

methane refrigeration compressors are driven by steam turbines The steam is mostly provided by

gas-fired steam boilers and relatively small amount is provided by heat-recovery boilers from the

propane compressor gas turbines The improved design utilizes higher efficiency gas turbines with

heat recovery steam boilers to drive the propane and ethane compressors As result approximately

22 percent fuel savings are obtained due to the increased efficiency of the new turbines and the

increased use of turbine exhaust heat made possible by going from ratio of one gas turbine and

two steam turbines per liquefaction module to ratio of two gas turbines and one steam turbine per

liquefaction module

2.535 BCFD PRUDHOE

ALAS CAPITAL COST OM EXPENSE

PIPE SEGMENT million miIIioj_

________ ________________________ _____________
1981-1984 1985-2000

ALASKA PIPELINE 2159 13 26

LIQUEFACTION 1945 44 55

LIQUEFACTION LNG TANKERS 1724 37 50

REGASIFICATION 334 15 18

CALIFORNIA PIPELINE 217

DISPLACEMENT 592

TOTAL 6971 109 149

C3D

SHIPPING ________________________________________

Prudhoe to Markets

Flow BCFD 2.5 3.5

Flow loss supply 11.1 12.5

Btu shrinkage supply 8.5 9.9

VIN
RECEIVING

Figure 29.Capital costs OM expenses and shrinkage for the Alaska-LNG Optimized Case

Additional fuel savings of approximately 12 percent over the Base Case are obtained

primarily by

Higher efficiency gas turbines used to drive the electric power generating system and

converting their heat of exhaust into steam as opposed to lower efficiency gas turbines

with steam generating systems

Consideration of lesser power requirements to liquefy the gas during cooler seasons as

compared with summer temperature conditions The Base Case fuel consumption was

calculated solely on summer temperature basis

Reducing seawater pump power requirement by lowering the average seawater

temperature from 63 to 52 based on recent seawater-data evaluations
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Lowering the refrigeration power by using the cooling capacity of the pipeline gas to

remove the heat generated by the preliquefaction gas treatment

The net effect of the improved design produces total fuel savings of approximately 34

percent for the liquefaction power and reduces the 2.5 BCFD flow BTU shrinkage from 7.6 to 5.1

percent and the 3.5 BCFD flow BTU shrinkage from 7.5 to 5.0 percent The total BTU shrinkage of

the optimized Alaska-LNG System is reduced from 11.0 percent to 8.5 percent for the 2.5 flow and

from 12.4 percent to 9.9 percent for the 3.5 BCFD flow

Although the improved liquefaction plant design is somewhat more complex than the Base

Case design it is concluded that the schedule would not be affected appreciably However the

additional complexity caused by the larger number of interfaces between liquefaction modules and

other portions of the system so as to use all possible sources of heat recovery is believed to increase

the risk of construction delays as well as flow interruptions

As noted in the discussion of capital costs for the Base Case System the Alaskan labor

productivity factor for the liquefaction plant is estimated at 0.53 when compared to lower U.S
Gulf Coast productivity factor of 1.0 This estimate was derived as result of discussions with

experts in the field of liquefaction plant construction and experts familiar with Alaskan

construction The Fluor Corporation which has performed the preliminary design and cost

estimates for the applicant is presently managing the construction of Alaskan terminal facilities at

Valdez for the Alyeska oil line It has been their experience that productivity of 0.6 can be

achieved in the Valdez region of Alaska Since the Point Gravina site for the liquefaction plant is in

the same general area the Fluor Corporation has used the same approximate productivity factor for

the liquefaction plant construction The estimation of productivity is judgment based on past

experience and it is not unlikely that such productivity can be achieved even though other

experts are more conservative Consequently productivity factor of 0.6 is used to estimate labor

costs for the Optimized Case liquefaction plant which lowers capital costs The lower shrinkage of

the system results in higher liquefaction plant output with corresponding increases in system

capacity These increases in liquid gas output also cause increases in the amounts of LNG that must

be handled by the shipping fleet and the regasification system Accordingly the larger system sizes

cause partially offsetting increase in capital cost However the net effect is decrease in total

system capital cost from $7023 million to $6971 million

Although the Optimized Case liquefaction system is somewhat more complex than the Base

Case system it is concluded that no additional operational or maintenance expenses would be

encountered This is based on the conclusion that the operational manpower would not have to be

increased above the Base Case The potential increases in maintenance of the more complex

liquefaction modules is offset by the lesser requirements for utilities such as boiler steam and

seawater caused by the design improvements The OM expenses for the shipping fleet and

regasification system are also concluded to be approximately the same as the Base Case In similar

mariner as described for the Base Case the initial gas flow from Prudhoe is reduced as shown in

Table 17 Owing to the lower shrinkage in the optimized liquefaction system the flow reductions

are less and more flow is delivered
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Table 17.Gas flow rates at stations located along route

and corrected for shrinkage for Alaska-LNG Opti

mized Case

Station Gas Flow BCFD

Prudhoe 25001 35001

Liquefaction Plant 2.452l 33791

LNG Carriers 2.2632 3.1192

Regasification Plant 2.225s .067s

Pipeline to Arvin 2.2223 3.063s

Arvin California 2.222s .063s

1125 BTUpercuft

1155 BTU per cu ft

1158 BTU per cu ft

Conclusions and Summary

It is concluded that the Base Case and Optimized Case Alaska-LNG Systems are feasible

designs as verified by experts in the field of pipeline construction gas liquefaction liquid gas

shipping and regasification While both systems can reasonably be expected to deliver gas in

accordance with the stated quantities and schedules it is believed that greater risk of construction

delay exists for the Optimized Case because of its greater complexity

The capital cost of the Optimized Case is estimated to have reduction of less than one

percent from the Base Case and this can be expected to have only small effect on the systems net

national economic benefits However the Optimized Case system BTU shrinkage reduction of

approximately 2.5 percentage points has large effect on the total quantity of gas delivered over

the life of the project and can be expected to have an appreciable effect on net national economic

benefits If go-ahead is given to the Alaska-LNG project it is concluded that the Optimized Case is

the most likely case to be implemented since it presents the design as presently proposed by the El

Paso Alaska Comapny
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IV SYSTEM DESCRIPTION

DISPLACEMENT ANALYSIS

Introduction

There are two possible general types of transportation systems to carry Alaskan natural gas

to lower 48 markets The first category includes all-pipeline systems that of necessity must transit

the territory of Canada The second category includes combination of pipeline systems and

ocean-going transportation of liquefied natural gas The goal of this study is to find that particular

system configuration in each of the two general categories of systems that would produce the

greatest benefit to the country as whole and draw comparison between these two general types

of systems

On the basis of this principle any system chosen to transport natural gas from Alaska

should use to the maximum extent possible existing facilities instead of building new facilitites

Consequently the Base Case system configurations for the two general categories bring Alaskan

natural gas using new facilities such as pipelines or LNG tankers to the first major gas consuming

region in the United States This is the West Coast for the Alaska-LNG System and the Midwest for

the Alaska-Canada System The other regions of the country that will have purchased Alaskan

natural gas are assumed to receive their gas through implementation of displacement plan These

plans will involve displacement in some segments and direct transportation in others In simple

terms for the Alaska-LNG System gas that would normally be sent from producing areas in Texas

and other producing areas to the West Coast will now be sent instead to the Midwest to the

Northeast or to other regions of the country and exchanged for Alaskan gas delivered to the West

Coast The volumes will be equivalent to the quantities of Alaskan gas that these regions have

purchased Under the Alaska-Canada System gas that would normally flow from Texas and other

producing areas to the Midwest will now be sent to the West Coast to the Northeast or to other

regions that have purchased Alaskan gas The amounts will equal the quantities of Alaskan gas these

regions have purchased

In order to illustrate physically how Alaskan natural gas could be distributed around the

country by displacement Figure 30 shows hypothetical flow patterns of natural gas in 1982 for

three cases The first case assumes no Alaskan natural gas being delivered to the lower 48 States and

these flows represent estimates of the gas that would be flowing from the producing regions in the

Southwest to the West Coast market the Midwest market and the Northeast market assuming

deregulation of new natural gas These flows are derived from the earlier market analysis section of

this report The second part of Figure 30 shows how 25 BCFD of gas delivered in California under

the Alaska-LNG System can be distributed throughout the country by displacement Part of the gas

from the Southwest which normally flows to California is sent to the Midwest and the Northeast by

displacement and direct transportation The third part of Figure 30 shows how Alaskan gas can be

distributed around the country after it has been delivered to the Midwest under the Alaska-Canada

Pipeline System Here part of the gas from the Southwest is diverted from the Midwest and sent to
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the Pacific Coast and to the Northeast The flows of gas from Alaska going to each of the three

regions roughly follow the same pattern of gas distribution indicated by the current committments

to sell Alaskan natural gas that have been negotiated by the oil companies and various lower 48

pipeline companies

NORTH
NO ALASKA GAS MID WEST

EAST

Total 18.3 BCFD

1sT
PAC IC

IIIiII1 WEST

ALASKA LNG ALASKA CANADA

Total 20.8 BCFD Total 20.8 BCFD 2.5

MID WEST

MID WEST

2.5

NORTH NTH

PACIFIC

PACIFIC LJ
SOUTH 4.2 SOUTH

Figure 30 Example of displacement concept used to distribute Alaska natural gas

It should be noted that company which agrees to receive Alaskan gas in exchange for gas

contracted for from lower 48 sources in order to allow displacement plan to be carried out does

not abrogate its contractual rights to receive this gas if for whatever reason Alaskan gas is no longer

available For example suppose that there was an interruption of throughput in the Alaska-Canada

System The Midwest which was consuming all of the Alaskan gas part of which was in exchange

for gas contracted for from lower 48 sources would still be entitled to again receive the contracted

for quantities of lower 48 gas Similarly company does not abrogate its contractual rights for

Alaskan gas if for whatever reason displacement plan is no longer possible For example suppose

that it was no longer possible to serve the Midwest or the Northeast through displacement plan

under the Alaska-LNG System This might result if the flow of gas from the Southwest to the West

Coast were less than the amount of Alaskan gas contracted for by companies serving the Midwest or

the Northeast In this case the Alaskan gas would still belong to these companies and could still be

transported to them directly by reversing the flow in pipelines serving the West Coast This would

result in additional costs and gas shrinkage

Though the use of displacement plans will save the large expense of building new pipelines

to many regions of the country the relatively large Alaskan gas volumes create at least three
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important issues that must be adequately resolved before firm conclusion can be reached that

displacement is desirable The first issue is the cost of new facilities that must be added to the lower

48 pipeline network in order to carry out these displacement plans for Alaskan natural gas When
the flow of gas in the lower 48 pipeline network is altered drastically new pipelines may be needed

in order to connect two or more existing pipeline systems or existing pipeline systems may have to

be expanded in capacity by looping or adding compression It is very difficult to estimate precisely

what new facilities will be required for two reasons First one must be able to predict the flow of

lower 48 gas in the U.S pipeline network or years in the future in order to see what excess

capacity will be available to carry displaced Alaskan natural gas Obviously such prediction will be

most difficult since the location of future discovery of natural gas in the United States and the

purchaser of that gas are almost impossible to predict For example large discoveries of gas on the

East Coast OCS may completely alter the pattern of gas flows in the U.S pipeline network The

second difficulty in estimating the cost of displacement plan is that one must know what regions

of the country will purchase Alaskan natural gas The majority of proved reserves at Prudhoe Bay
have been committed to various interstate and intrastate natural gas pipeline companies However
the royalty gas owned by the state of Alaska has not been sold and new gas discoveries are likely in

the Prudhoe Bay area On the basis of projections of excess capacity in lower 48 pipelines assuming

partial deregulation and estimates of the future sales of Alaskan natural gas the cost of new
facilities required in the lower 48 States to carry out displacement plan for Alaskan

gas has been

estimated Descriptions of the displacement plans for the Alaska-LNG and the Alaska-Canada

Systems are presented in later section

The second issue concerning large displacement of gas is the legal contractual and

regulatory problems involved in carrying out this complex arrangement between number of

different pipeline companies Because of the fact that the natural gas industry in this country is

heavily regulated by both Federal State and local agencies any agreement or change in the existing

pattern of natural gas distribution in this country must go through at least three stages of review

and approval The first is that the natural gas pipeline companies themselves must reach an

agreement to implement displacement plan for Alaskan natural gas Most companies involved have

an incentive to reach an agreement on displacement since they may also be the same companies that

have purchased Alaskan natural gas and are interested in seeing this gas reach its final destination

However the displacement agreements may also involve other companies who have no vested

interest in Alaskan natural gas Second any displacement plan must be approved by the Federal

Power Commission Because of the requirements of due process and fair treatment of all parties

hearings before the Federal Power Commission have taken many months and in complex cases

years Also the increasing workload the Federal Power Commission has in the past caused long

delays before case is actually heard Third any decision or action taken by the FPC is subject to

review by the courts to see if that decision has satisfied the requirements of law Such court review

is also likely to take considerable period of time and could very likely force one or more further

hearings concerning any matter specified by the courts

The third issue is the price that will have to be paid in order to move the gas by

displacement from the West Coast to the other regions of the country in the case of the Alaska-LNG

System or from the Midwest in the case of the Alaska-Canada System Displacements are fairly

common but have never been undertaken on scale comparable to the Alaskan natural gas volumes

now being considered Consequently traditional methods of pricing of displaced gas may be

inappropriate and would most likely involve long hearings before the FPC to decide these complex

questions New and innovative techniques for determining the price of Alaskan natural gas carried

by displacement plan may be required
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Alaska-Canada Displacement Plan

Prudhoe gas received in the Chicago area via the new 484nch pipeline will be provided to the

markets of the Midwest plus those of the Western and Eastern States by displacement plan It has

been assumed that 32 percent of the
gas will be supplied to the Western States 36 percent to

Midwestern States and 32 percent to the Eastern States This distribution follows the pattern set by
the current contracts negotiated by oil companies for the sale of some of the Alaskan gas

The lower 48 gas supply assumed to exist in 1982 for partial deregulated situation has

been presented in the previous section for the various market areas Analysis of specific pipeline

systems used in the displacement plans presented below has used for each system considered the

estimated flow for the year 1982 assuming zero net reserve additions as presented in the

appropriate FPC Form 15 by each pipeline company involved plus an additional amount to

account for deregulation The additional amount of gas is approximately percent of the total gas

requirements as presented in the Form Excess capacity is determined by taking the difference

between design capacity and estimated flow Cost estimates were also made for the two

displacement plans based on the flow given in each Form 15 without any increase to account for

deregulation The estimates were less than one third of the size of those given here for the

case of deregulation

Specifically it was concluded that the Prudhoe gas can be supplied to the Eastern States by
combination of any two of the following alternatives

delivery of Alaskan gas in the Chicago area to customers of Midwestern Gas

Transmission Company and exchange of these volumes by displacement with equivalent

volumes transported by Tennessee Gas Pipeline Company an affiliate of

Midwestern to eastern customers

delivery of Alaskan gas to Panhandle Eastern Pipe Line Company in the Chicago area

and exchange of these volumes using displacement by delivery of gas by Trunkline Gas

Company subsidiary of Panhandle to pipelines of Tennessee Gas Pipeline Company
and Texas Eastern Transmission Corporation for subsequent delivery to eastern

customers and

delivery of Alaskan gas to Panhandle Eastern Pipe Line Company in the Chicago area

for direct transportation to eastern customers

Alaskan gas can be supplied to western markets by first exchanging by displacement

Alaskan gas delivered to Natural Gas Pipeline Company of America and to Northern Natural Gas

Company in the Chicago area with gas produced by these two companies in the Permian Basin area

Second these volumes of exchanged Alaskan
gas plus the production of El Paso Natural Gas

Company and Transwestern Pipeline Company will be transported in the existing pipeline systems

of these two companies excluding the 30-inch pipeline assumed to be removed from service from
the El Paso Southern System

Some capital cost expenditures are required to accomplish the additional gas flow to the

West Coast It is estimated that the initial Alaska flow can be accommodated with relatively minor
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pipeline interconnection costs The final flow can be accommodated by adding some compressors to

the northern El Paso Pipeline to provide for 0.130 BCFD which otherwise cannot be transported It

is assumed that compressors located on the El Paso pipeline that was converted to oil can be used

for the additional compression requirements with expenditures for installation only displacement

summary with associated costs is presented in Figure 31
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Figure 31 SCharacteristics of lower 48 States displacement and exchange configuration for

Alaska-Canada Base Case

Preliminary analysis indicates that operations and maintenance expenses and transportation

losses for all pipelines involved are approximately unchanged for the new patterns of gas flows and

no new costs should be added owing to displacement

Alaska-LNG Displacement Plan

Prudhoe gas received in Southern California will be provided to the markets of the West

Midwest and East by displacement plan As for the Alaska-Canada System it is also assumed here

that 32 percent of the gas is provided to eastern markets 36 percent to midwestern markets and 32

percent remains in the West The lower 48 gas supply assumed to exist in 1982 for partially

deregulated situation has been presented previously in this section for the various market areas This

gas was divided between specific pipeline systems to determine excess capacity that could be used

for the initial and final Alaska gas flows of 25 BCFD and 3.5 BCFD respectively
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Under the proposed displacement plan western markets would be supplied volumes of

Alaska gas by delivering gas directly into the systems of Southern California Gas and Pacific Gas and

Electric at Arvin California The volumes will be equivalent to the sum of the volumes these

customers would normally be delivered from the production in the Southwestern producing regions

plus the volumes of Alaskan gas purchased by these companies Southwest gas which normally flows

west would be directed northward towards Chicago to supply the Midwest and the East in

exchange for Alaskan gas delivered on the West Coast in excess of the volumes of Alaskan gas

contracted by the two Pacific Coast customers In order to transport the new volumes of Southwest

gas north towards Chicago additional facilities must be built as well as existing facilities modified

New pipeline facilities and modifications to existing facilities are as follows

Transwestern Pipeline Company

Compressor modification between Roswell and the Hugoton Anadarko Basin to

allow reverse flow

Addition of two new compressor stations on the Rosewell New Mexico to Hugoton

Anadarko area pipeline

Miscellaneous metering communication and telemetry equipment additions

Michigan Wisconsin Pipeline Company

Compressor additions in the Hugoton-Anadarko area

Miscellaneous pipeline modifications including metering communication and

telemetry

El Paso Natural Gas Company

new 42-inch pipeline between Plains station and the Hugoton-Anadarko area

distance of 330 miles

new 42-inch pipeline between Waha station and the Gulf Coast area distance of

419 miles with miscellaneous connecting pipeline additions

Compressor additions in the Hugoton-Anadarko area

Compressor modification in the San Juan Crossover to allow reverse flow

All of the facility changes identified except the new pipeline from Waha to the Gulf Coast

would be constructed prior to start up in 1981 The new Waha pipeline would be built in 1984 for

final 3.5 BCFD flow in 1985 summary of facility costs is presented in Figure 32

As indicated previously for the Alaska-Canada System preliminary analysis indicates that

operation and maintenance expenses and transportation losses for all pipelines involved are

approximately unchanged for the new pattern of gas flow Thus no new costs for these items are

added owing to displacement

Legal Contractual and Regulatory Issues

Generally the steps for implementing displacement agreement are first meeting of minds

between the pipeline companies as to the details of the displacement agreement second
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preparation and filing of all required exhibits with the Federal Power Commission third hearing

before the Federal Power Commission and its decision fourth in many cases court review of the

decision with the possibility of further hearings fifth construction of the necessary facilities and

sixth exchanging the specified quantities of gas at the rates specified by the Federal Power

Commission meeting of minds takes place after studies and conferences have been held to discuss

the various details of the proposed displacement plan including need for and cost of new facilities

Assuming that the displacement agreement will provide benefits to all pipeline companies involved

the negotiations necessary to reach meeting of minds may not be prolonged or difficult Most

companies whose facilities would be used may be very interested in seeing displacement plan

agreed upon either because they have purchased Alaskan gas themselves or are investors in an

Alaskan natural gas transportation system However problem could arise where the displacement

of Alaskan natural gas would involve the use of pipeline facilities of company which has not

agreed to participate in the scheme Thus far no company has been forced by the Federal Power

Commission to enter into such an agreement against its wishes but it is quite possible that the

Commission in the national interest or in order to balance the interests of the consumers and

investors could find the means to do so
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Alaska-LNG Base Case

Another problem always present with the FPC is the delay caused by the regulatory

procedures it goes through in arriving at its decision Seemingly there is nothing that participating

company can do except present its evidence in as timely and expert manner as it is able---and
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wait There is at present no requirement legal or otherwise that the FPC render its decision within

time limit Indeed recent laws relating to the environment plus other matters which the FPC is

required to examine preclude its arriving at decision within few days

Throughout its 35-year history the length of time required for the FPC to reach and to

implement decisions in important proceedings has probably always been longer than necessary

owing to variety of causes One cause has been the constitutional requirements of due process and

consistent therewith the procedural requirements enjoined on the Commission by the Natural Gas

Act the Administrative Procedure Act and court interpretations These legal requirements plus the

dynamic nature of the industry being regulated and the different policy outlooks of the various

Commissioners who in broad terms are responsive to the political process of this country have over

the years produced sharp reactions over basic policy approaches to industry problemsall of

which has served to complicate the decision-making and implementation function of the

Commission

Important new projects designed to bring forth new energy supplies either from traditional

or supplemental sources present new legal factual and policy questions Basically these are

resolved before the Commission in the context of litigated proceedings Given the interest of the

proponents of such projects and affected third parties and the Commissions mandate to look out

for the public interest it is doubtful that the basic nature of this litigation process can significantly

be changed

It has often been observed that despite the time consumed in hearings and by exchange of

briefs the greater amount of elapsed time in important cases is attributable to the making of the

decisions both by the hearing officer and by the Commission itself There are obvious reasons why

this tends to be so First there is the sheer workload on the Commission which has since the early

1950s never relented but continually expanded Second there has been continuous influx of

newly imposed requirements by the courts of substantive law procedural fairness concern for the

environment and the like which have required careful response by the Commission if its decisions

are to withstand appellate review Third in regulatory context far more so than is true of the

courts policy decisions in one case affect others consequently the natural tendency is to hold one

case in abeyance pending completion of another

Another ever-present problem is the delay iii implementing proposal which has been

approved by the FPC owing to one or more parties initiating an action in the courts for any of

large number of reasons and continuing their efforts as long as the legal process allows One or

more of the parties at hearing may for example contend that the FPC erred in one or more

points or that it was not given all its rights under due process representative of the public

may contend that the FPC erred in many ways particularly in its reasoning in arriving at the rates

to be charged for service to the consumers it represented The present legal process allows almost

any kind of petition to the courts and can be both time consuming and costly to the affected

parties who would benefit by the project in question
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Pricing of Displaced Gas

Elsewhere in this report are given estimates of the unit transportation cost that would be

paid by the shippers of Alaskan natural gas for delivery of the gas from the North Slope to

California in the case of the Alaska-LNG System and to the Chicago area in the case of the

Alaska-Canada System This unit cost of transportation does not include the cost of the gas at the

welihead In addition to the cost of the gas at the wellhead and the transportation cost to carry the

gas to either California or Chicago there is the third cost of distributing the Alaskan natural gas

around the country by displacement plan To determine the final city-gate price for Alaskan

natural gas in some location say Pennsylvania it is necessary to add an additional cost for delivery

by displacement plan either from California to Pennsylvania or from Chicago to Pennsylvania At

minimum the additional rate or unit cost will have to be adequate to pay for the return on the

cost of new facilities that had to be constructed in order to carry out this displacement or other

increases in the cost of service The total cost of these new facilities are given above However it is

possible that displaced Alaskan natural gas may have to bear price greater than what is simply

necessary to pay for the return on the cost of new facilities

In this section of the report two examples of pricing of gas moved by one of these

displacement plans will be given One is termed the incremental method This will require displaced

Alaskan natural gas to only pay an additional transportation cost adequate to cover the cost of new

facilities constructed in the lower 48 pipeline network and for any other increases in the cost of

service incurred by the pipeline companies involved in displacement The second hypothetical

example is based on the traditional method of pricing gas delivered by displacement that has been

used in earlier displacement agreements in the United States However this traditional method

though not unreasonable for small amounts of displaced gas produces surprising and possibly

inequitable results for large amounts of displaced gas It should be emphasized that these examples

are purely hypothetical The examples are meant to illustrate the different methods of pricing

displaced gas rather than to be definitive estimate of what Alaskan natural gas will actually cost

when it is delivered to its final destination

Incremental Pricing

Table 18 is an example of how Alaskan gas can be incrementally priced as it moves through

the lower 48 pipeline networks following displacement plan The flows of gas are the same as

those used previously in Figure 30 In this simplified example of displacement under the

Alaska-LNG System only three regions are involved the West Coast the Midwest and the

Northeast Again for simplicity only three pipeline companies are assumed to be involved the

hypothetical Pacific Pipeline Co carrying gas to the West Coast the Mid-Continent Pipeline Co
carrying gas to the Midwest and finally the Atlantic Pipeline Co carrying gas to the Northeast

These three companies can nest be considered to be composites of number of companies moving

gas from the Southwest to each of the three consuming regions

In the Alaska-LNG System gas from Alaska is assumed to have delivered price at

California of $2.60 per MCF This is the sum of transportation charge by the Alaska-LNG

Company and the wellhead price of the gas Consequently consumers of gas in California in this
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Table 18 Ecamples of incremental pricing technique used for moving Alaskan gas

through lower 48 pipelines to its final destination

Alaska-LNG System

Incremental Unit Cost Credit

/MCF

Company

Destination Mid- Total

Alaska Pacific Atlantic

Continent

.LNG Pipeline Pipeline

Pipeline

WEST COAST 260.0 260.0

MIDWEST 260.0 0.8 11.6 272.4

ORTHEAST
260.0 0.8 18.9 279.7

Alaska-Canada System

Incremental Unit Cost

IMCF

Company

Destination Mid- Total

Alaska- Pacific Atlantic

Continent

Canada Pipeline Pipeline

Pipeline

WEST COAST 260.0 201 4.4 275.7

MiDWEST 260.0 260

NORTHEAST 260.0 4.4 18.9 274.4

_____________

Total Gas Cost

/MCF

No Alaska Gas Alaska-LNG Alaska-Canada

Region f- H--
48 Alaska Avg 48 Alaska Avg 48 Alaska Avg

--

WIST COAST i55.0 5.0 1S 26u.u 173.0 1550 2757 178.0

MIDWES1 153.6 1536 153.6 272.4 1627 153.6 260.0 161.8

NORTHEAST 1720 172.0 172.0 2797 189.6 172.0 274.4 188.7

OTA1 158.0 171
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example would have to pay just $2.60 for Alaskan gas For purposes of this example the delivered

price in Chicago under the Alaska-Canada System is also assumed to be $2.60 per MCF

Consumers of Alaskan-LNG natural gas in the Midwest will have to pay an additional charge to

cover the incremental or marginal cost of service incurred by pipeline companies which move

Alaskan gas to the Midwest The Pacific Pipeline Co does not physically carry Alaskan gas from

California to the Southwest but instead by displacement diverts some of its Southwest gas that was

normally flowing to California and instead delivers this gas 0.9 BCFD in this example to the

Mid-Continent Pipeline Co Similarly the Pacific Pipeline Co diverts 0.8 BCFD to the Atlantic

Pipeline Co In order to do this the Pacific Pipeline Co is assumed to have to spend approximately

$290 million on new facilities to connect the Pacific Pipeline Co with the other two pipeline

companies this assumption was made before the final cost estimates for the Alaska-LNG

displacement plan was available This then increases the Pacific Pipeline Co.s cost of service

However the fact that the Pacific Pipeline Co is no longer transporting .7 BCFD westward to

California also reduces its cost of service substantially because of reduction in fuel used for

compressor stations and in operation and maintenance costs The net result in this hypothetical

example is that Alaskan gas going to the Midwest and the Northeast will only have to pay an

additional charge of less than one cent per MCF to cover the increase in the Pacific Pipeline Cos
cost of service However the Mid-Continent Pipeline Co will experience an increase in its cost of

service because of Alaskan natural gas This is the result of the increased cost of fuel for the

compressor stations to handle the greater flow of gas and greater operation and maintenance

expenditures In this example it is estimated that approximately 12 cents per MCF would cover the

incremental cost of service for the Mid-Continent Pipeline Co Similarly 19 cents per MCF would

cover the increased cost of service for the Atlantic Pipeline Co

Looking now at the displacement of Alaskan natural gas under the Alaska-Canada System

we again assume that Alaskan natural gas is delivered to the Midwest at the price of $2.60/MCF

However to transport this gas to other regions of the country will require that these other regions

pay an additional charge to cover the incremental cost of service of the pipeline companies involved

in the displacement plan Because the Mid-Continent Pipeline Co is transporting less gas it actually

experiences reduction in the cost of service which could result in credit to the owners of the

Alaskan natural gas carried through this system by displacement Alaskan gas as it leaves the

Mid-Continent Pipeline Co in the Southwest would actually be cents per MCF cheaper than when

it arrived in the Midwest However in transporting the gas from the Southwest to California an

additional charge of 20 cents per MCF would have to be levied on the gas to cover the increase in

the cost of service for the Pacific Pipeline Co This increase is primarily due to greater gas fuel use

The total increase is approximately 16 cents per MCF and the final delivered price of Alaskan

natural gas to California would be approximately $2.74/MCF or approximately 19 cents per MCF
increase over the delivered price in the Midwest

The third section of Table shows the city-gate price of lower 48 gas delivered price of

Alaskan gas and finally the average price of all gas consumed in the three regions The price of

lower 48 gas consumed in each of the three regions does not change Any increase in cost of service

caused by the displacement of Alaskan gas is paid for by Alaskan gas On the other hand Alaskan

natural gas does not pay any more than is necessary to cover the incremental cost of service
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Traditional Pricing

As was mentioned earlier this example of incremental pricing of displaced Alaskan natural

gas is not the conventional way that displaced gas is priced in the natural gas industry Though there

is not the space here available to show all of the details of the calculation Table 19 shows the cost

of Alaskan natural gas assuming that the traditional pricing of displaced natural gas is the method

used The basic assumptions about new facilities operating expenses and fuel use are the same as

those used in the example of incremental pricing The cost of lower 48 gas to the three regions

assuming no Alaskan gas is the same in both examples The cost of lower 48 gas assumes an average

welihead price of $1.1 4/MCF in the Southwest for all consuming regions The transportation rate

varies from region to region

Table 19 Examples of traditional pricing technique used for moving Alaska gas through

lower 48 pipelines to its final destination

/MCF

No Alaska Gas Alaska-LNG Alaska-Canada

Region
48 Alaska Avg 48 Alaska Avg 48 Alaska Avg

EST COAST 155.0 155.0 138.5 260.0 161.6 151.0 314.6
185.41

MIDWFST 153.6 153.6 153.6 305.3 165.2 147.8 260.0 156.4

NORTHEAST 172.0 172.0 172.0 312.8 195.0 172.0 313.3 195.0

OTAL 158.0 171.5 171.4

In this example of traditional pricing the region of the country in which Alaskan natural gas

is first delivered in other words the West Coast or the Midwest receives substantial advantage

over the other regions of the country when compared with the incremental pricing example In the

Alaska-LNG System the average price of all West Coast gas is $1 .62/MCF based on traditional

pricing Under incremental pricing the average price is $1.75 However the average cost of gas to

the other two regions the Midwest and the Northeast is substantially higher than under

incremental pricing In simple terms consumers of natural gas in the Midwest or the Northeast

would be paying very high price for Alaskan gas large portion of this high price is being used to

subsidize the transportation of Southwest gas to the West Coast

Similarly in the Alaska-Canada System using traditional pricing for displaced gas the

Midwest benefits greatly at the expense of the West Coast and the Northeast The cost of Alaskan

gas in the West Coast and the Northeast is now substantially above $3.00 with large part of the

high price being used to lower the price of Southwest gas delivered in the Midwest

Without attempting to go into all of the details of how this traditional pricing of displaced

gas is carried out the essential reason for the high price of Alaskan gas for some regions is the

following In the case of the Alaska-LNG System the Pacific Pipeline Co was originally carrying in

this example 3.4 BCFD of Southwest gas to the West Coast After Alaskan natural gas is delivered

to California the Pacific Piepline Co diverts .7 BCFD of this original flow of gas and instead sends

it to the Mid-Continent Pipeline Co and the Atlantic Pipeline Co The actual physical flow of gas in
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this system is still the same 3.4 BCFD However for purposes of calculating cost of service under

the conventional methods the assumed flow of gas in the Pacific Pipeline Co

System would be 5.1 BCFD that is the sum of 3.4 plus L7 In other words the Pacific Pipeline Co

is assumed to be carrying 1.7 BCFD of Alaskan natural gas through the system even though this gas

is not physically transported from California east to Texas Consequently the cost of service of the

Pacific Pipeline Co is spread out over more units of natural gas including substantial amount of

Alaskan natural gas This results in Alaskan natural gas having to pay large share of the cost of

service of this company and reducing the share of the cost of service paid for by gas delivered to

California

very similar calculation is made in the example of traditional pricing of displaced gas

under an Alaska-Canada System For purposes of calculating the cost of service of the

Mid-Continent Pipeline Co the assumed flow of gas is increased from 10.8 to 12.4 BCFD since the

.6 BCFD of displaced gas is included Again displaced Alaskan natural gas is required to bear

share of the cost of the Mid-Continent Pipeline Co as if the gas were physically transported from

the Midwest to Texas

Conclusions

The above analysis of displacement reaches three basic conclusions First it is technically

possible to distribute gas around the country using the displacement concept and at cost of

approximately $600 million for new capital facilities under the Alaska-LNG System and $1.5 million

under the Alaska-Canada System By using displacement plan rather than building new pipelines

to distribute Alaskan gas around the country great deal of money can be saved For example if

displacement plan is not used for the Alaska-Canada System then new pipelines to California and to

Pittsburgh will add about one billion dollars to the cost of this system The cost of new pipelines

would probably be substantially higher for the Alaska-LNG System if displacement plan was not

feasible Second if most of the companies involved in the displacement arrangement are purchasers

of Alaskan natural gas or have some other incentive to quickly reach an agreement on displacement

such as being an investor in the Alaskan natural gas transportation system then the private

companies involved could probably quickly reach some agreement on displacerrient plan

However if displacement involved company which was neither purchaser of the Alaskan gas nor

an investor in an Alaskan natural gas transportation system then such company may not be

inclined to enter into displacement agreement which might cause delays in the completion of this

system more serious problem however is the possibility of long delays in reaching decision on

displacement plan either by the Federal Power Commission or by the courts However it should

be pointed out that these delays are likely to be no longer than delays in obtaining approvals

through the FPC and the courts for the basic systems themselves that is displacement may not add

to the possible delays Third the traditional methods of pricing displaced gas will produce

delivered pne for Alaskan natural gas thdt sorn regions may considei inequitable regardless of

which transportation system is used For large displacements of Alaskan natural gas some form of

incremental pricing of displaced gas may he necessary to he fair to all regions Again this is an issue

that could be settled by the Federal Power Commission and ultimately by the courts

though there may be long delays
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IV SYSTEMS DESCRIPTION

AVERAGE COST OF SERVICE

introduction

Although the likely rate for transportation or average cost of service is an important

measure of each systems economics it is an incomplete measure to use to decide which system is in

the best interest of the United States In this study the major criterion used in evaluating

alternative transportation systems is the net economic benefit of each system to the United States

It has not been the purpose of this study to develop transportation rates for the various systems

however since they are an important consideration they have been estimated

Methodology

The basic approach used to develop rates was to approximate the results that each of the

applicants would obtain for depreciation local taxes income taxes and return on rate base

considering their differing financing plans interest rates cost of equity capital and tax rates This

was done by establishing the relationship of these four components of the cost of service to total

construction cost excluding the allowance for funds used during construction for the first year of

full service for each of the applicants An analysis showed that each of these components of the cost

of service would remain fixed proportion of the total construction cost Thus as the estimate of

the construction cost is increased each of these components of the cost of service are increased

appropriately If the construction costs annual operating costs and flow rates used in this study

were the same as each of the applicants similar transportation rates would have resulted

The construction and operating costs used in this study are in first quarter 1975 dollars

Neither the rates calculated by the applicants nor those shown in this study include the cost of gas

at the wellhead although fuel losses have been calculated in this study assuming $O.50/MCF

cost The rates also do not include cost for the use of existing facilities in the lower 48 States The

final delivered cost may include charge for transportation from either California or Chicago See

the section of the report on displacement for discussion of this Estimated rates are provided for

both 25 and 3.5 BCFD flow The 3.5 BCFD flow commences approximatly threc and onehalf

years after the initial 2.5 BCFD flow

Since the rates presented here are based on the first full year of service they are not the

average rates over period of years Rates are the highest in the early years of operation and

decrease steadily over the life of the system as each years depreciation and lower interest costs

ieduce the cost of service Also these costs of transportation will remain almost fixed even if

inflation causes other prices and income to rise Thus in real terms the cost of this gas may fall even

more To produce valid comparison between the alternative systems iates were calculated on

BTU basis This approach is necessary because of the enrichment of the gas through the liquefaction

and regasification process
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Base Case Alaska-LNG System

For the 2.5-BCFD Prudhoe flow the estimated rate to Arvin is $1.66 per million BTU
Assuming the cost of fuel is $0 50/MCF fuel losses would increase the rate to $1 71 For the

flow the estimated tariff is reduced to $1.33 or $1.40 assuming fuel cost of $0.50/MCF This

decrease occurs since the delivered volume of gas increases 40 percent while capital costs only

increase 21 percent Operating and maintenance costs increase 34 percent but only account for

11.6 percent nf the cost of service The largest system cost element is the LNG tanker fleet closely

followed by the LNG plant and terminal and the trans-Alaska pipeline The Western LNG plant and

pipeline account for only 10 percent of the cost of service

Base Case Alaska-Canada System

For the 2.5-BCFD Prudhoe flow the estimated rate to Chicago is $1.58 per million BTU
Assuming the cost of fuel is $0.50/MCF fuel losses would increase the rate to $1.61 For the 3.5

flow the rate decreases to $1.09 or $1.14 with fuel losses This decrease results from 40 percent

increase in the delivered volume of gas while capital costs increase only 10 percent This small

increase in capital costs is because the pipeline is originally constructed to handle 3.5 BCFD daily

flow with the exception of compressor station facilities The additional compressor facilities

necessary to go from 2.5 to 3.5 BCFD flow largely account for the 10 percent increase While

operating and maintenance costs increase 3.89 percent they only account for 10.6 percent of the

total cost of service These rates are summarized in Table 20

Table 20 An approximation of the transportation charges or rates for dcliiering Alaskan

gas through the Alaska-Canada and the Alaska-LNG Base Case configurations

S/Million BTU

2.5 BCFD Prudhoc 3.5 BCFI Prudhoc

Alaska- Alaska
Alaska-LNG Alaska-LNG

Canada Canada
Arvin Cal Arvin Cal

Chicago Chicago

Operation Maintenance $0.04 $0.16 $0.05 $0.15

Depreciation .33 .28 .24 .24

Return on Rate Base .76 74 .47 55
Canadian Taxes .31 .22

Total 44 $1 18 $0 98 $0 94

US Taxes 14 48 11 39

Total .$1.58 $1.66 $1.09 $1.33

No chnge isincludcd for gas fuel or welthead price

Tariff for first year of full service

Gas supply 1124.5 BTU/MCF

For the Canadian poffion of this system the rate or charge is the system average cost based

on the total delivered volume for both U.S and Canadian gas slightly higher rate for U.S gas

would result if the rate were based on an MCF-mile allocation The Canadian pipeline accounts for

68.2 percent of the total Alaska-Canada pipeline cost of service
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FEASIBILITY

NET NATIONAL ECONOMIC BENEFITS NNEB

Methodology

This study evaluates the feasibility of gas pipeline through Canada and other major

alternatives for transporting Alaskan natural gas One criterion for judging feasibility is the concept

of net economic benefits This is systematic measurement in dollar terms of the benefits and costs

to the entire Nation that result from the construction and operation of an Alaskan natural gas

transportation system These benefits and costs are those that accrue to the entire Nation and not

to any particular region or subsector of the population Though one system may be best for

particular region or particular group of citizens it may not be the best system for the entire Nation

when all benefits and costs are included The methodology used to measure net national economic

benefits is essentially the same as traditional benefit-cost analysis which has been used so often by

Federal agencies in evaluating Government projects or policies

For each year between 1976 and the year 2000 the dollar value of three types of costs is

subtracted from the dollar value of two types of benefits The difference between benefits and costs

in each year was discounted back to January 1976 and added together to give the total net

national economic benefits for each alternative system All benefits and costs were measured in the

prices that prevailed in the 1st quarter of 1975

The discount rate used was 10 percent This value is an estimate of the opportunity cost of

capital in the United States In other words capital that is not invested in any transportation system

can instead be invested in other United States industries and earn real pretax rate of return of 10

percent This estimate is based on the historical cost of equity and debt capital in the United States

Over the period from 1926 to 1973 American corporations on the average have had to earn an

after-tax return on stockholders equity of 7.3 percent or pretax return of approximately 14

percent These are the real rates after adjustment for the effects of inflation The real interest rate

that corporations on the average have had to pay to attract debt capital has been 1.6 percent

Assuming the share of equity financing in total capitalization is 70 percent and the share

of debt financing is 30 percent this produces pretax real return on investment of

approximately 10 percent

In the future when most investors are anticipating high rates of inflation the actual required

pretax return that company must earn to attract debt and equity capital will have to be

substantially higher than 10 percent In fact the applicants before the Federal Power Commission

and the National Energy Board who are proposing to build alternative Alaskan natural gas

transportation systems have assumed 15 percent to 17 percent return after taxes on equity

investment and to 11 percent rate of interest on debt financing By historical averages this

would be very high return to equity for any American industry and would be particularly high for
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the natural gas industry whose historic cost of equity capital has been approximately percent The
large difference between the historic and these estimated future rates of return could be due to

expectations of high future rate of inflation or the special risks associated with the construction
and operation of Alaskan natural gas transportation systems

Benefit to Consumers

The major benefit of bringing Alaskan natural gas to market is that it will provide American
consumers with major new supply of this clean burning energy The dollar value of this benefit is

measured by the maximum price that consumers would be willing to pay for gas rather than to do
without or to turn to other sources of energy At minimum the price consumers would be willing
to pay for thousand cubic feet MCF of natural gas delivered at the city gate would be $2.00
assuming that the cost of the major alternative source of energy would be imported oil selling at

$12/barrel One thousand cubic feet of natural gas contains approximately 17 percent of the energy
in barrel of oil However most consumers would be willing to pay substantial premium for
natural gas above $2.00/MCF for at least three reasons

The first is that the actual delivered prices of oil products to consumers are higher than
$12/barrel because of distribution and refining charges Second most consumers are willing to pay
an additional premium for natural gas because equipment to use natural gas is substantially cheaper
than equipment to use other sources of energy with the exception in most cases of electricity

Third consumers are willing to pay premium for gas because of the greater efficiency and lower
cost of operating natural gas burning equipment again with the possible exception of electricity

The technical procedure actually used to measure the value of
gas was based on demand

curves for natural gas and the supply of gas from lower 48 sources Consumers were divided into

categories depending upon the use they made of natural gas electrical generation industrial steam

heat household base use and so foh and the region of the country in which the consumer was
located For each category of consumers demand curve for each year between the years 1980 and
the year 2000 was constructed These demand curves were then combined with estimates of the
lower 48 supply of gas to determine the price consumers would be willing to pay for Alaskan gas

This calculation is very sensitive to the price of alternative energy sources in particular the

price of oil and to the supply of lower 48 gas Lower 48 gas was assumed to be delivered to those
customers who would be willing to pay the highest premium for natural gas Alaskan

gas was
assumed to be delivered to customers who would pay lower premium for natural gas
Consequently the greater the supply of lower 48 gas the lower is the price consumers would be

willing to pay for Alaskan natural gas

In deciding what supply of lower 48 gas to use in this calculation each source of natural gas
was ranked according to its probable cost of production All sources of gas that are likely to be

cheaper than Alaskan gas were assumed to be available before Alaskan gas was availahe Sources of

gas that are likely to be more expensive than Alaskan gas were not included It was assumed that the
weThhead price of new natural gas would he deregulated in order to guarantee that the maximum
amount of

gas availablc from conventional onshore wells would be produced since this gas is likely
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to be substantially cheaper than Alaskan gas Similarly it was assumed that the outer continental
shelf would be leased very rapidly so that this source of

gas would be available since it is also likely

to be cheaper than Alaskan gas However other sources of gas such as coal gasification and
imported LNG were not included since they are likely to be substantially more expensive

An assumption used in the analysis of the benefit to consumers is that all gas discovered in

Alaska would be sold to consumers in the lower 48 States However 12 percent of the gas is

royalty gas owned by the State of Alaska The State has not yet sold this gas or made plans for its

use One possibility is that at least some of the gas may be used within the State for household or

industrial use This use of the gas would also be benefit to the Nation and its value to Alaskans is

approximately equal to its value to consumers in the lower 48 markets Consequently the total

benefit to consumers would not be substantially altered if some of the gas was used in Alaska

Benefli of Energy Independence

The second benefit of transporting Alaskan natural gas is that our dependence upon
unreliable foreign sources of energy such as oil will be reduced This is clearly benefit to the

country that ought to be quantified If Alaskan natural gas were not available then quantity of oil

with an equivalent energy content would have to be imported Consequently domestic stockpiles of

oil held in anticipation of another disruption of imported oil supplies would have to be increased In

other words if Alaskan natural gas is available then the resources of the country invested in oil

stockpiles could be reduced

An analysis of the optimal oil stockpile to be held for any given level of reliance on

imported oil resulted in the conclusion that each BTU of annual flow of Alaskan natural gas would
allow the country to reduce its oil stockpiles by one BTU of oil This means saving in the year that

Alaskan gas becomes available or is increased equal to the dollar value of the oil taken out of the

stockpile plus the savings in the cost of the storage facilities For each MCF of new natural gas

supplied from Alaska $1 2.00 worth of oil can be taken out of the stockpile and an estimated

$1.20 invested in the storage facility can be saved in the year this flow begins

The annual flow of Alaskan natural gas used to calculate the benefit of energy independence

was the delivered volume after accounting for the gas used to power the various components of each

transportation system The AlaskaLNG System also uses some additional energy in the form of

electricity and fuel oil to operate the regasification facility and the tankers This energy was
deducted from the energy content of the annual flow of gas assumed to be delivered by the

AlaskaLNG System for the purpose of calculating the benefit of energy independence The energy
content of the electricity and fuel oil is equal to approximately percent of the ci ergy content of

the Prudhoe Bay gas

Gost of iiansportation System

The major cost to the Nation of supplying Alaskan natural gas to market is the cost of

constructing and operating the transportation system itself In 1st Quarter 1975 dollars the annual

capital operation md maintenance expenditures were calculated for eacn system For facilities in
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Canada that would carry both U.S and Canadian gas the cost was assumed to be split between the

U.S and Canada for purposes of this benefit-cost analysis The share of costs assumed to be paid for

by the United States was based on the MCF-mile allocation system commonly used in the natural

gas industry to apportion costs between the various shippers of gas For purposes of conducting

national benefit-cost analysis certain costs that are normally considered cost to private business

firm are not included These are American taxes insurance interest or finance charges and costs

that may have been spent by the various applicants before the assumed go-ahead date for

construction of January 1976

Cost of Displacement

All of the systems studies in the preparation of this report delivered Alaskan natural
gas to

at most just few geographical regions of the country In order to deliver Alaskan gas to other

regions of the country that are not directly served displacement plan would be used

Displacement or exchange agreements are quite common in the natural gas industry The

displacement plans consist of altering the normal flows of gas in the existing pipeline system so that

region of the country that has purchased Alaskan gas will receive an increase in supply The actual

increase in gas consumed will be from conventional lower 48 sources For example if an Alaskan

natural gas transportation system delivered all of its gas to the Midwest then it is still possible for

company located in the Southeast to receive Alaskan natural gas Texas gas that would normally

flow to the Midwest could instead be sent to the Southeast in exchange for an equal amount of

Alaskan gas delivered to the Midwest

Because of the rather large amount of gas that will be available from Alaska it may be

necessary to alter the normal flows of gas in the lower 48 States to substantial degree in order to

carry out displacement plan This may entail the expansion of some pipelines or the construction

of connecting links between two or more pipelines The costs of this new construction may be small

if the supply of lower 48 gas declines in the future Such decline would leave substantial excess

capacity in most pipeline systems

It is very difficult to estimate precisely what the cost of new pipelines necessitated by

displacement will be for two reasons First of all the total supply of gas to the country from lower

48 sources five or seven years in the future is very uncertain and the exact regional flows of this gas

are even more uncertain Consequently it is very difficult to predict which pipelines may or may
not have excess capacity to carry displaced Alaskan gas Second the actual sales of Alaskan natural

gas to various lower 48 companies is difficult to predict with any accuracy Tentative commitments

of the gas have been made by the producing companies However these contracts are not firm sales

agreements and only guarantee to some gas companies the right to negotiate for the Alaskan gas

under various terms and conditions Even this information is nonexistent for future discoveries of

gas in the North Slope area Estimates of the costs of new pipeline facilities in the lower 48 States

required for each displacement plan are presented on the basis of reasonable assumptions about

lower 48 regional gas flows and the distribution of Alaskan gas to the various regions of

the country

Cost of Canadian Taxes

As indicated above American taxes levied on transportation system are not included as

cost This is not true for Canadian taxes The benefits and costs of the various systems are measured
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from the point of view of the entire Nation and not any particular region or sector of the

population From national pomt of view American taxes are not cost or benefit even through

the cost of Alaskan gas to consumers will include American taxes These tax revenues will be used

to provide Government services such as roads police protection schools and so forth Thus these

taxes are benefit to another group of citizens and from national point of view balance out

However taxes paid by American consumers of gas to foreign government in this case Canada

must be considered as cost

Not all of the taxes paid to the Canadian Government by American consumers of natural gas

should be included however Each dollar paid to the Canadian company owning the Canadian

portion of the pipeline system by an American consumer of natural gas will eventually return

through the international trade mechanism to buy one dollar of American goods and services for

export At this point share of the value of American exports will accrue to the U.S government

in the form of corporate income taxes on these export industries Out of each dollar paid by

Americans for transportation of gas through Canada approximately $0.30 will go to Canadian

governments as taxes When that dollar returns to the United States to buy American products for

export about $0.05 will accrue to the Federal Government as corporate income taxes This

difference of $0.25 is approximately the net cost of Canadian taxes

The future stream of tax costs also has to be converted into 1975 dollars by making some

assumption about the future rate of inflation in the two countries Once the system is built the rate

base is established the rate of return on that rate base is fixed and consequently Canadian income

taxes are also fixed for the life of the system assuming no change in tax rates If high rate of

inflation does occur this will benefit Americans because in effect Canadian tax costs can be paid

for in deflated currency

The actual calculations to arrive at the net cost of Canadian taxes were fairly complicated

and done in three stages First the schedule of tax payments presented by the Canadian Arctic Gas

Company in an application before the National Energy Board was lagged one year to reflect 1981

assumed completion date for the Alaska Canada System and then increased using scaling factor

This factor is equal to the ratio of capital costs for the Canadian segment of the Alaska-Canada

System to the capital costs given by the Canadian Arctic Gas Company base case-unescalated

Second 4.6 percent of the estimated gross revenue of the Canadian Arctic Gas Company Base Case

unescalated was scaled up by the same factor used above and then subtracted from the above

schedule of taxes to obtain the nominal net tax cost The figure of 4.6 percent equals the average

share in recent years of U.S corporation gross revenue accounted for by Federal income taxes

Third the schedule of nominal net tax costs was deflated to 1975 prices by assuming percent

rate of inflation after 98

Chrt of Gas Production

The final category of costs that are included is the cost of extracting the gas from the

reservoir at Prudhoe Bay and delivering the gas into transportation system Some of these costs are

directly related to the sale of gas to the system because gas wells must be drilled and the gas must

be gathered and processed for delivery major part of the costs are incurred indirectly because
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water injection and other secondary recovery techniques must be used to extract the oil if gas is

extracted for sale The costs included for gas production is the difference between the total field

development costs that would occur if gas was produced for sale and the field development costs if

gas was reinjected into the reservoir over the life of the field The production of gas may also result

in slight loss in oil production and the value of this oil at $9/BBL in the Base Case was also

included as cost

Other Costs and Benefits

Other costs and benefits in theory should also have been included in the calculation of net

national economic benefits but were not for variety of practical reasons One of these benefits is

that building either system may stimulate the U.S economy and result in reduction in

unemployment However for this to be considered benefit the United States must be suffering

from substantial unemployment rather than excess demand and inflation Also the investment in

the systems must be in addition to normal investment demand instead of substitute for some

other investment project

Because of the construction of either system U.S and Canadian Governments may incur

costs that are not borne by the private companies operating the system and should be included in

the national accounting of benefits and costs If the pattern set by the construction of the

trans-Alaska oil pipeline is followed by the U.S and Canadian Governments then at least some of

the costs associated with the monitoring of the construction by the various government agencies

involved will be charged to companies building the system This in turn will be passed on to gas

consumers in the form of higher transportation rates Thus American gas consumers will be paying

for some of these costs incurred in Canada Other costs will not be charged to the companies and

will be paid directly by the governments involved Such costs might result from the need for new

roads larger police force because of the increase in population during construction ship

guidance system for the tankers operated by the Coast Guard larger sewer systems in some

localities and so forth Many of these services or facilities associated with an Alaska-LNG System

may already have been payed for because of the construction of the trans-Alaska oil pipeline

It is very difficult to estimate these costs with an accuracy and in any case they are likely

to he small relative to the other costs Also ignoring these costs is not likely to significantly bias the

results in favor of either system If Canada follows the pattern set by TAPS then Americans will be

paying some of the costs incurred by the Canadian government and all such costs that occur in the

United States while building the Alaska-Canada System Americans will be paying for all costs

incurred by U.S Governments in the construction of the Alaska-LNG System though these costs

may be smaller than the total for the Alaska-Canada System because some of these government

services have already been provided for TAPS The section of this report on regional sectoral and

macro-eeonomic impacts desuribes some of these costs in gieater detail

To be strictly accurate one should also attempt to place dollar value on the environmental

impacts created by the construction and operation of the two systems Though in theory this

shoud be done in practice it is extremely difficult and was not attempted here
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Alternative Base Case Systems

This study primarily focuses on two alternative types of transportation systems The first is

an all pipeline system which would cross the territory of Canada The second type is combination

of trans-Alaska pipeline and ocean-going transportation specifically liquefied natural gas tankers

For each of the two general categories specific configuration was chosen that would provide the

greatest net national economic benefits The system configuration chosen from the Alaska-Canada

or all pipeline category was system similar but not identical to that proposed by the Arctic Gas

Study Group in applications before the Federal Power Commission arid the National Energy Board

of Canada The system chosen from the category of pipeline-LNG systems was similar but not

identical to that proposed by the El Paso Alaska Company in applications before the Federal Power
Commission The Alaska-Canada System was designed to also carry Mackenzie Delta gas since this

would allow both countries to take advantage of economics of scale resulting from larger

flows of gas

The assumed flows of gas in both systems in 1982 can be produced from proven reserves in

both the Prudhoe Bay and Mackenzie Delta areas By 1985 it is also likely that additional gas

would be discovered in both areas and that at least some of this gas would be available for

transportation Consequently both systems were expanded to handle this increased flow of gas in

1985 Even though additional gas is likely to be discovered after 1985 this further refinement in

the system configurations was not attempted

One difference between the system configurations used in this report and those proposed by
the applicants is because of difference in the assumed flows of gas through the systems Another

major difference is that the Base Case Alaska-Canada System presented here has single pipeline

extending into the Midwest as far as Chicago The proposed Arctic Gas System also has one or more

pipelines extending from point near Calgary to the West Coast and pipeline extending beyond

Chicago to Pittsburgh An analysis showed that it was cheaper to distribute gas to the West Coast

and the East Coast using displacement plan rather than to construct pipelines to the

West Coast or to the East Coast

In Table are given the present discounted values of the various categories of benefits and

costs for the two Base Case configurations of the systems The net economic benefit of the Base

Case Alaska-Canada System is approximately 12 percent greater than the net economic benefit of

the Base Case Alaska-LNG System The benefit to consumers and the benefit of energy

independence from the Alaska-Canada System are larger because this system delivers higher

percentage of the Prudhoe Bay gas to the ultimate consumer In other words more of the gas from

Prudhoe Bay is used by the Alaska-LNG System to power pipeline compressors the liquefaction

facility and the tankers than is used by the Alaska-Canada System

The U.S share of the costs of the Alaska-Canada System is less than the costs of the

Alaska-LNG System Also the cost of displacement associated with the Alaska-Canada System is

less than for the Alaska-LNG System In order to displace gas under an Alaska-LNG System
pipeline would have to be built from the Permian Basin in West Texas to the Hugoton area in

Oklahoma and another pipeline would have to be built to connect the Permian Basin with
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Table 21.-- --Summary and comparison of the net national economic benefits of the

Alaska-bn and the Alaska-LNG Base Cases

Base Case

Net national economic benefits

Alaska-Canada Alaska-LNG

Benefit to consumer 14.742 14.319

Benefit to energy independence 1.350 1.299

Cost of transportation system -4.523 -5.117

Cost of displacement -0.008 -0.326

Cost of Canadian taxes -0.464

Cost of gas production -2.372 -2.372

Total 8.729 7.803

Assumptions

Flows 19812.5 BCFD Prudhoe 0.5 BCFD Mackenzie Delta

1985 3.5 BCFD Prudhoe 0.9 BCFD Mackenzie Delta

Construction approval and date for discounting is January 1976

Price of oil $12/BBL in Lower 48 $9/BBL at Prudhoe Bay

U.S share of Canadian pipeline costs is 82 percent based on MCF-mile

allocation

Canadian taxes are adjusted for percent rate of inflation and for U.S taxes on

induced exports to Canada

New gas deregulation

All dollar values in 1st quarter 1975 prices

Discount rate 10 percent

transportation systems emanating from the Gulf Coast Because of the substantial excess capacity

that is likely to exist in pipeline systems running from the Permian Basin to California there will be

no need to spend substantial sums of money on new facilities in order to displace gas away from the

Midwest and the East Coast towards California as is necessary for an Alaska-Canada System It

should be emphasized that the cost of displacement is certainly the most difficult to estimate

precisely because of the extreme uncertainty in predicting the flows of gas through any

pipeline five or seven years into the future

One important cost of an Alaska-Canada System that does not occur at all for an

Alaska-LNG System is the cost of Canadian taxes On the basis of an assumed rate of inflation

through the year 2000 of percent per year and on current rates of taxation in Canada these taxes

reduce the net economic benefits of an Alaska-Canada System by $464 million Again this is cost

that is also quite difficult to estimate precisely because of the uncertainties associated with the

future rate of inflation and the future rate of taxation in Canada The cost of gas production is the

same for both systems since both systems are assumed to carry gas from the same producing fields

in Alaska The cost of the transportation system and the cost of Canadian taxes for the Base Case

Alaska-Canada System are calculated assuming that the U.S shippers of gas would on the average

pay for 82 percent of these costs

Variations in the Base Case Systems

The estimate of the net economic benefits given above for the Base Case systems depends

crucially on the assumptions made There is significant probability that alternative assumptions
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about the two systems may be more realistic There is one event that could substantially increase

the net economic benefits of the Alaska-LNG System Recent refinements or improvements in the

design of the liquefaction plant indicate that it may be possible to lower the use of gas to power
that facility by 34 percent This is new development and not enough time was available to

guarantee with absolute certainty that this reduction in shrinkage is possible Every indication

however seems to be that it is technically feasible to make this change in the design of the

liquefaction plant This reduces the overall shrinkage on the Alaska-LNG System from 12.4 percent

to 9.9 percent and will result in an increase in the net economic benefits of the LNG system by
$430 million or percent

There are at least two possible events that could substantially lower the net economic

benefits of the Alaska-Canada System In the Base Case described above it was assumed that the rate

of inflation on the average for the next 25 years would be percent If the actual rate of inflation is

lower this increases in real 1975 dollars the cost of Canadian taxes If the rate of inflation is only

percent the net economic benefits of the System would be reduced by $144 million or

approximately percent This same increase in the cost of Canadian taxes could also come about by

percent increase in tax rates by the Canadian Federal Provincial and local governments Over

90 percent of the taxes included as cost is the Canadian Federal corporate income tax For the

Canadian Government to increase this tax rate would require that taxes also be increased for all

Canadian corporations Consequently it is unlikely that the Canadian Government would increase

this rate for just the Alaska-Canada System Less than 10 percent of the taxes included in the Base

Case are from Provincial or local governments

Because of the concern expressed by many that the construction of the Alaska-Canada

System along the route proposed by the Arctic Gas Study Group would cause significant

environmental impacts in the Arctic Wildlife Range in Alaska the capital and operating costs

associated with route south of the Wildlife Range have also been calculated However it should be

pointed out that some experts on the environment have argued that the route south of the Wildlife

Range may have larger impacts on the environment than route across the Wildlife Range For the

readers information the increase in capital costs for the Alaska-Canada System routed south of the

Wildlife Range would be $495 million dollars or approximately percent increase This increase in

capital and operating costs will reduce the net economic benefits of an Alaska-Canada System by

percent or $406 million For more information on these variations in the Base Case Systems see

Table 22

The Arctic Gas System

Though the system proposed the Arctic Gas Study group has been under review and its

design has been modified somewhat by its proponents this system shows at least one pipeline

extending from point south of Calgary to the San Francisco area and an extension of the pipeline

from Chicago to Pittsburgh Building pipelines to San Francisco and Pittsburgh will add $963

million to the capital costs estimated for the Base Case Alaska-Canada System These costs for new

pipelines can be avoided by using displacement plan to distribute Alaskan gas to regions of the

country other than the Midwest If these pipelines are built however the added capital cost will

reduce the net economic benefit of the Base Case Alaska-Canada System by 11 percent to level of

$7.8 billion For more information on this particular configuration see Table 22
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Table 22 Summary and compareson of alternative Alaskan natural gas delivery systems

TOTAL

TOTAL ANNUAL CANADIAN

CAPITAL YAM SHRINKAGE-UTU TAX COST NNEB
SYSTEM DESCRIPTION miflions millions millions Snillions

81-84 85-2000 81-84 85-2000

BASE CASE 100 flow 7117 38 77 6.4 104 1930 8729

ALASKA-CANADA to Midwest 6188 33 67
_______ ________ __________ _________

US shore of BASE CASE MINUS 7102 38 77 6.4 10.4 1930 8737

Canadian cosTs DISPLACEMENT COSTS 6173 33 67f __________ _____________
is 0.82 GAS FLOW 75 TO 8080 42 85 7.2 12.5 2079 7757

MIDWEST AND EAST 7076 37 75
25% TO WEST

BASE CASE lUO flow

7023 109 149 11 .0 12.4 7003
to West

BASE CASE MINUS
ALASKA LBS

DISPLACEMENT COSTS
6431 109 149 11.0 12.4 -- 8129

BASE CASE WITH

LOWER LNG SHRINKAGE
6971 109 149 8.5 9.9 -- 8201

FAIRBANKS

PIPELINE
ALCAN HIGHWAY

6525 28 50 5.4 1692 9036

ROUTES
SOUTH OF ARCTIC

761
39 78 6.5 106 1930

WILDLIFE RANGE 6696 33 67
____________

8323

U.S share only in 1975 dollars assuming inflation rate after 1981

NOTE Figures in parentheses are U.S share of costs

Fairbanks-A ican Highway System

In addition to the two basic types of systems discussed above third alternative route is

possible This is all pipeline system that would carry only Alaskan gas south from Prudhoe Bay
following the trans-Alaska oil pipeline to point near Fairbanks Here the pipeline would head

southeast following the Alcan Highway through Canada and then on into the United States This

system was assumed not to carry Mackenzie Delta gas since the cost of spur to the Mackenzie

Delta would be quite high This system has been advocated by some individuals especially in Alaska

because it would supply gas farther south in Alaska than would be the case with the Base Case

Alaska-Canada System Also such system would avoid some of the legal and regulatory problems
created by pipeline that would carry both Alaskan and Canadian gas However there are serious

disadvantages of such system The system may not be viewed very favorably by Canadian

authorities since it would not carry Canadian gas and thus might force the the Canadians to build

system to carry only Mackenzie Delta gas This all-Canadian system might be much more expensive

on per unit basis than would joint system carrying both Canadian and U.S gas Also the

Fairbanks-Alcan System suffers from the fact that no proponent from private industry has made an

application to build such system either before U.S or Canadian regulatory authorities

Consequently it is unlikely that such system could be constructed as quickly as other alternatives

because of the time needed to organize sponsors and obtain government approvals

For the sake of completeness included here in Table 22 are estimates of the capital

operating and Canadian tax costs and the net national economic benefits of such system Since

the system would only carry American gas the costs of the entire system are attributable to the

United States for purposes of estimating the national benefits and costs Also the portion of the

pipeline within Canada would have to pay Canadian taxes and these taxes are included as cost in

the same manner as was done for the Base Case Alaska-Canada System described above

The net result is that the net economic benefits of Fairbanks-Alcan System carrying the

same flows of gas from Prudhoe Bay as was used for the Base Case would be $9.0 billion or
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approximately 3.5 percent higher than for the Base Case Alaska-Canada System and 16 percent

higher than the net economic benefits of the Alaska-LNG Base Case System Though the capital

costs for this route are higher than the U.S share of the Base Case System the cost of Canadian

taxes are lower since the amount of pipeline in Canada is smaller

Benefit of Canadian Exports

The proponents of the Arctic Gas System have argued that there is another major benefit of

constructing pipeline system through Canada They argue that if system is not constructed to

carry both Prudhoe Bay and Mackenzie Delta gas to market then the reserves at Mackenzie Delta

will not be adequate for number of years to justify the construction of an all-Canadian line to

transport only this gas to market Consequently the domestic demand-supply situation in Canada

will worsen and the Canadians will have no choice but to reduce their exports of gas to the United

States in order to meet their own domestic needs However there is an application before the

National Energy Board of Canada to build an all-Canadian System to carry only MacKenzie Delta

gas the Foothills pipeline or Mapleleaf Project Its supporters argue that there are enough reserves

to justify building the pipeline

In the market analysis section of this report an estimate of Canadian gas exports is

presented based on National Energy Board projections of the supply in Canada from both

conventional sources and new frontier areas through the rest of the century assuming that the

Alaska-Canada System was available in 980 to begin to carry Mackenzie Delta gas to market If an

Alaska-Canada System were not constructed it was assumed that this would result in three year

delay in the development of all frontier areas in Canada If this were to happen it would reduce the

amount of gas available for export to the United States by as much as 1.9 TCF in some years or

approximately 10 percent of U.S supply

An important factor that must be incorporated in calculating the economic benefit of this

Canadian gas is the price at which the Canadians would be willing to sell the gas If gas were sold to

the United States at price very close to the value of this gas to American consumers

approximately $2.60/MCF then American consumers would be indifferent between purchasing

Canadian natural gas or imported oil at $1 2/BBL to meet their energy needs Even though we did

receive Canadian exports the net economic benefits to the country of this gas would be very small

If new gas in the United States is deregulated its delivered price could easily increase to level

close to $2.60/MCF It is unlikely that Canada would sell its gas to the United States at price

much below the price of American gas The announced price of Canadian gas in the near future is

already $2.00/MCF Also much of this expected increase in Canadian gas production is from the

high Arctic Islands Supplies of gas from this source are very speculative and in any case will be very

expensive to produce and transport

If Canadian gas were to be sold in the United States at price substantially below its value

to consumers then the net economic benefits of an Alaska-Canada System would be greatly

increased For example if Canadian gas were sold at price $0.lO/MCF below the value to

consumers then the net economic benefits of the increase in exports estimated above would be

$470 million At price $0.50/MCF below the value to consumers the net economic benefits
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would be $2350 billion or an increase to the net economic benefits of the Base Case Alaska-Canada

System of 27 percent Estimates of economic benefits attributable to greater Canadian

exports are very imprecise and speculative because of the uncertainty in the future price of

Canadian export gas

General Economic Feasibility

Before deciding to give go-ahead from the Federal Government to the construction of

either of these transportation systems it is essential for Government decision makers to be

reasonably certain that the benefits of either system will exceed the cost In Figure 33 four

11.3

NNEB 10.6
ALASKA-CANADA

$biIIion

77 5.4

ALASKA-LNG

//

BASECASE

CASE CHANGES FROM BASE CASE

$15 OIL

$8OIL

$8 OIL ONE YEAR INCREASE IN CONSTRUCTION SCHEDULE

$8 OIL ONE YEAR INCREASE IN CONSTRUCTION SCHEDULE

53% INCREASE IN TRANSPORTATION COSTS

NNEB reduces to zero when transporation costs increase by 83%

Figure 33Comparison of general economic feasibility of Alaska-Canada and Alaska-LNG

Systems

additional cases are presented where the assumptions about crucial parameters differ from those

made in the Base Case There is only one likely event that would substantially increase the net

economic benefits of both systems This is an increase in the price of alternative energy sources in

particular imported oil An increase in the price of oil from $1 2/BBL to $1 5/BBL in 1975 prices

would increase the net economic benefits of both systems by approximately 30 percent

On the other hand there are number of events that would reduce the net economic

benefits of both systems Case in Figure 33 shows that the net economic benefits of the two

systems would be reduced by 40 percent if the price of oil fell to $8/BBL Another possible event
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would be delay during construction or in other words an increase in the construction schedule

This has very large impact on the net economic benefits since it postpones the benefits and

thereby substantially reduces their value in present discounted terms The difference between Case

and Case shows how the net economic benefits decline because of 1-year increase in the

construction schedule Net economic benefits drop by over billion dollars

It is unlikely that delay in construction would not also increase capital costs There are

also many other factors that might result in construction cost increase most of which stem from
the extreme Arctic environment through which both transportation systems would be built In

addition to reduction in the price of oil to $8/BBL and one year increase in the construction

schedule 55 percent increase in the transportation system costs over the Base Case estimates

would result in the net economic benefits being reduced to zero for the Alaska-LNG System An 83

percent increase for the Alaska-Canada System would have the same effect

Though it is not possible to show that under all circumstances the net economic benefits of

the two systems would be positive it is fairly unlikely that combination of events would reduce

the net economic benefits of either system to zero Thus it is in the national interest to see that one

of these two systems is constructed as soon as possible The risk analysis section of this report
discusses in greater detail events that may cause schedule increases and cost overruns

Conclusions

In order to help in deciding which transportation system is in the best interest of the United

States systematic measurement of the benefits and costs of both systems to the entire country
was undertaken The two benefits considered are the value of Alaskan natural gas to consumers and
the benefit of greater energy independence The value of Alaskan natural gas to consumers depends
greatly on the supply of natural

gas from other sources and on the prices of alternative energy

sources On the basis of price of oil of $12 per barrel and with the assumption that everything
feasible would be done to increase the supply of natural

gas from less expensive lower 48 sources
the value of Alaskan natural gas valued at the city gate is estimated to range between $2.53 and

$2.70 per MCF over the rest of the century The benefit of energy independence was calculated

assuming that greater level of independence from unreliable foreign sources of energy would allow

us to reduce the stockpiles of oil held in anticipation of another embargo or interruption of

imports This reduction in stockpiles of oil was calculated and its value included as

benefit to the country

The four types of costs included are the costs of constructing and operating the

transportation system itself the cost of producing the gas at Prudhoe Bay the cost of Canadian

taxes and the cost of new facilities required in the lower 48 States to carry out displacement plan

The total of benefits minus costs for the two transportation systems in present value terms

in 1st quarter 1975 prices was $8.7 billion for the Alaska-Canada Base Case System and $7.8

billion for the Alaska-LNG Base Case System The higher economic benefits for the Alaska-Canada

System primarily result because of the lower shrinkage in other words the smaller use of natural

gas as fuel to power the system the lower U.S share of the cost of the transportation system

125



itself and the lower cost of displacement plan major cost offsetting these advantages of an
Alaska-Canada System is the fact that this system would result in American gas consumers paying
taxes to the Canadian Government Only rather unlikely series of events would reduce the net

economic benefits of either system to zero

If an Alaska-Canada System is built with configuration similar to that proposed by the
Arctic Gas Study group in other words included pipelines to California and beyond Chicago to

Pittsburgh then the net economic benefits of the Alaska-Canada System would be reduced to $7.8
billion because of the greater capital costs In addition route south of the Arctic Wildlife Range
would further reduce the net economic benefits by about $0.4 billion to level of $7.4 billion Also

recent innovations in the design of the liquefaction facilities by the El Paso Alaska Company may
result in reduction in the use of natural gas as fuel to power that facility This saving of natural

gas will increase the net economic benefits of an Alaska-LNG System by $0.5 billion to

level of $8.3 billion

One event could substantially increase the net economic benefits of an Alaska-Canada

System over the estimates shown above The construction of the Alaska-Canada System could

substantially increase Canadian exports of
gas to the United States If this gas were sold in the

United States at border price substantially below its value to American consumers then this gas
would produce considerable net economic benefits for the United States Under plausible

assumptions about the development of frontier gas supplies in Canada building an Alaska-Canada

System could increase exports of gas to the United States by as much as TCF per year in certain

years The assumption is made that the construction of the Alaska-Canada System would speed up
development of these frontier areas in particular the Mackenzie Delta and High Arctic Islands area
and thus result in larger exportable surplus in Canada If this gas were to be sold in the United
States at price of approximately $2.00/MCF or $0.50 less than the value to consumers the net
economic benefits of this gas to American consumers would be over $2 billion

Predictions of net economic benefits resulting from an increase of gas exports from Canada
is very speculative for two reasons First of all the amount of gas that will be discovered in frontier

areas of Canada and when such gas will be discovered is very difficult to predict and government
policy in Canada with regards to the export of this gas to the United States is also difficult to

foresee Second the economic benefits of Canadian
gas depend crucially upon the price at which it

is sold If this gas were to have price close to $2.60 per MCF then American consumers would be

relatively indifferent as to whether they purchased Canadian gas or imported oil at $1 2/BBL Since

gas from frontier regions in Canada will be very expensive to produce and transport its price to

American consumers is likely to be high Also the price for export gas set by the Canadian

government has increased dramatically in recent years and could increase even further in the future
If new gas in the United States is deregulated its price is likely to rise to level very close to its

market value to American consumers It seems unlikely that the Canadians would then allow
Canadian gas to be sold to the United States at price substantially below the price of
American gas to American consumers

As the above indicates the final conclusion as to which transportation system has the

greater net economic benefits to the Nation depends crucially upon the particular configuration
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chosen In comparing the Base Case systems the Alaska-Canada System has net economic benefits
greater than for the Alaska-LNG System by about 12 percent However if one compares the
Optimized Alaska-LNG System which has lower shrinkage and an Alaska-Canada System that
includes pipelines to California and Pittsburgh as has been proposed by Arctic Gas then the
situation is reversed In this case the Optimized Alaska-LNG System has net economic benefits
approximately percent higher than for this configuration of the Alaska-Canada System

These estimates of net economic benefits are based on the approximately yearconstruction schedule and on the estimate of capital and operating costs included in the Base Case
for the two systems However in all projects of this magnitude there is considerable risk of cost
overruns and schedule delays

Finally no attempt has been made in these calculations of net economic benefits to take
into account possible delays in the wanting of all the necessary government approvals and permits
If delay occurs in the receipt of clear go-ahead to begin construction from either of the two
governments involved then the net economic benefits will be reduced by 10 percent for each yearof delay

127



FEASIBiLITY

RISK ANALYSIS

Introduction

The Base Cases developed for the two major transportation

systems studied in this report are what might be called 100
percent success cases While they are feasible in an

engineering sense and some consideration is given to certain

potential problems everything is assumed to work out as

originally planned and exactly as planned Experience with other

large scale projects has shown that very few actually achieve
100 percent realization of budget schedule and performance

goals Therefore the objectives of this partiuclar section are

to assess the uncertainties involved in the construction and

operation of the two systems beyond those reflected in the Base

Cases and hypothesize more conservative case for each

system

For each system the Conservative Case will indicate range

of possible deviations from the schedule and budget given in the

Base Case for the Alaska-Canada System and the Optimized Base

Case for the Alaska-LNG System The Conservative Case attempts
to provide as estimate of the potential for schedule slip and

cost overrun for each system

Any risk analysis must go beyond an engineering analysis and

address issues that are inherently speculative and difficult if

not impossible to numerically quantify The resources available
for carrying out the study and the inherent problems in analyzing
risk resulted in methodology that does not have rigorous
formal structure The approach used here to assess the

uncertainties has been

To gather information concerning the risks associated
with the two major transportation systems under study

from as many experts as resources would allow To this

end the study team that prepared this risk analysis
held discussions with experts from the natural gas
industry including Arctic Gas and El Paso the

construction industry Alyeska Pipeline Service

Company the steel industry Federal and State
officials involved in the planning and construction of

TAPS and analysts who worked in the technical areas of

this and other relevant reports Submissions before

the FPC including the applications by Arctic Gas and

El Paso were also considered While the persons
consulted cover broad spectrum of relevent expertise
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no attempt was made to systematically choose the

experts either in terms of the type of expertise they

possess or of the particular points of view they might
represent In many cases it was impossible to find

individuals familiar enough with both systems to make
consistent judgments Consequently the opinions of

many experts were subjectively evaluated and balanced

by the study team

After the discussions members of the study team
analyzed the transportation systems in terms of the

probability that certain events might occur and the

impact that the event would have in terms of time

delay cost overrun and flow interruption This

analysis reflects the average judgment of the study
team and does not represent the thinking or judgment of

any particular analyst The risk analysis study team

was composed of six members four engineers and two

systems analysts The study team did not have
extensive experience in the particular technical areas

involved prior to the thirteen months spent in the

preparation of this report One result of this

composition of the study team is that no member had

professional bias or preconceived judgment in favor of

any particular process or technology Though many
experts were consulted during the course of the study
there has not been time as yet to go back and check
their agreement or disagreement with the particular

judgments made by the study team

The probability and the impact were then averaged to

yield measure of the risk and translated into

specific judgments of delay and cost overrun These
estimates of delay and cost overrun were used to

develop conservative estimate of net economic

benefits for the two systems However it is difficult

to quantify the impact on net economic benefits of flow

interruption and no attempt was made to do so though
these impacts are discussed below

The Department of the Interior will continue to review and

improve this section and will be pleased to receive comment

Important assumptions and clarifications are as follows

No attempt has been made to explicitly include
environmental risks or hazards to public health and

safety such risks are properly treated in the

Environmental Impact Statement

No attempt has been made to explicitly quantify the

probabilities or the impacts for the many individual
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sources of risk0 Overall syctems impa1 w11
discussed in the Conservative Case sections

The specific version of an AlaskaCanada System studied
was the Base Case System which does not include
pipelines to California or beyond Chicago as proposed
by Arctic Gas By using displacement plan to deliver
Alaskan gas to regions other than the Midwest rather
than building new pipelines to these regions the cost
of an AlaskaCanada System is reduced and the net
economic benefit of this system is significantly
increased thus approaching an economic optimum The
building of these pipelines as proposed by Arctic Gas
however does not significantly affect the risks that
were studied in this analysis The specific version of
the AlaskaLNG System analyzed was the Optimized Case
similar to the recent proposal by El Paso with its
lower shrinkage in the liquefaction plant0 This system
has net economic benefits about $500 million higher
than the Base Case AlaskaLNG Systems However this
system is more risky to construct and operate than the
Base Case System because of its greater compiexity

No attempt has been made to analyze the specific
management of the companies who have filed applications
before the FPC for two systems similar to those under
study Any natural gas transportation system of the
magnitude being considered in this analysis will most
likely be undertaken only by consortium of companies0
It is quite possible that the final participants in
either of the major systems under study would be very
similiar What is discussed however is the general
managability of the two construction plans as outlined
in the Base Cases

The assumption is made that any transAlaska gas
pipeline through the TAPS utility corridor can
generally be buried either on the opposite side of the
existing TAPS work pad or along the haul road
Discussions with individuals familiar with TAPS and
pipeline safety considerations indicate it likely that
the costs of an entirely new work pad would exceed i.ts

benefits

No attempt has been made to include political or legal
risks in this analysis One possible risk is that
negotiations for satisfactory treaty with the
Canadian Government or the failure of the Canadian
Government to resolve the native claims issue in
manner acceptable to the natives might delay the

goahead of an AlaskaCanada System has not been
considered Section VIB addresses the issue of
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3/Cnadian reiaLions Another possible risk 13 that

lFrqe dsplacemerL plan involves legal and regulatory
problem which may result in delays These are not

included in this analy3is but are discussed in section
IVD If displacemert is not feasible the cost ot

both systems but in particular the AiaskaLNG System
would be greatly increased

Construction Risks

The risks involved in the construction phase of gas
transportation system relate primarily to cost overruns and

schedule delays To lesser extent there may be some risk that

completed project will not meet expected performance goals but
in general it is assumed that project remains under
construction until it does The schedule for the AlaskaCanada
Base Case is longer than the Arctic Gas schedule by essentially
one year The additional year results from full consideration of

all activities that must be completed before the actual start of

constructions The most significant include

Engineering and design route surveys soil sampling
river crossing investigation and equipment and material

specification

purchase manufacture and delivery of logistically
related long lead time equipment in particular river

tugs barges and special railroad cars

Purchase manufacture and delivery at the staging point
on the Mackenzie River of the required amounts of pipe
equipment and system components to carry out the first

winter of constructions

The hypothetical date for receipt of all government approvals in

this stud7 is Janua.ry 1976 If the actual goahead is

received after the first quarter of calendar year one full

year is likely to be added to the schedule because of the

seasonality of transportation on the Mackenzie River Because of

the above activities that must be completed before construction

begins and the uncertainty over the actual goahead date the

five and onehaiL year construction schedule in the Base Ca3e

likely to be the minimums This risk analysis examines those

factors that could increase the schedule beyond this minimums

Th maor construction risks identified for the two Systems

at this time are summarized in Figure 34 and discussed in more

detail beiow

Weather

During con3truction unfavorable weather conditions will

affect either system primarily over its Arctic portions north of
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Category Sources Probability Impact Risk

ALNG ACAN ALNG ACAN ALNG ACAN

Construction Weather

Engineering

Labor

Logistics

Manageability

Operations Weather

ailure31 121
NOTE Low

Moderate

High

Extreme

Figure 34Summary and comparison of the risk during
construction and operations of the AlaskaCanada
and the Alaska-LNG Systems

Latitude 60 the two primary construction elements affected are
labor productivity and equipment performance Some provisions
for unfavorable weather conditions during Arctic construction are
made in the Base Case labor productivity was estimated at
approximately 30 percent of that currently experienced in the
lower 48 states and approximately 40 weather days days when
construction operations cease because of weather conditions out
of six to seven month winter construction season were
anticipated Further provisions include mobile warming huts
mobile flood lights and winterized equipment

It is however quite possible that system relying
primarily on winter construction will experience unfavorable
conditions and productivity beyond what has been planned for in4
the Base Case While it is possible to make statistical
estimate of the number of weather days that will occur during
normal season it is impossible to predict exactly when they will
occur or how many of them will occur consecutively so that
operations can be planned or scheduled around them It is very
possible that the actual number of weather days has been
seriously underestimated because of overly optimistic assumptions
concerning human behavior and equipment performance Pipeline
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construction during the Arctic winter has yet to be tested on
large scale The experience of Alyeska with winter construction
on the transAlaska oil line has not been encouraging and Alyeska
is primarily relying upon summer construction It has yet to be
demonstrated that large numbers of men and large quantities of

equipment can productively operate in the field during the Arctic
winter Both Base Case Systems depend upon combination of snow
roads snow work pad and gravel backup to support primarily
winter construction schedule north of Latitude 60 Many experts
familiar with the Arctic have serious doubts concerning the

availability of snow and water for snow roads/work pads and their
durability once constructed Moreover the optimal combination
of snow work pad gravel pad snow roads and gravel roads

necessary to support pipeline construction and logistics may
prove difficult to attain particularly in the spring Should
this be the case the number of days actually possible to work
during winter season may be significantly fewer than assumed in
the Base Case Any schedule slip during winter season must be

made up during the following winter season by increasing the
number of crews and pieces of equipment This would have

spillover complications for logistics and planning and would
result in increased costs Because of the greater distance of

exposed field operations in the AlaskaCanada System the

probability of weatherinduced problems with winter
construction program is high for the AlaskaCanada System and
moderate for the AlaskaLNG System

The impact of weather-induced problems on an AlaskanLNG
System is much less than upon an AlaskaCanada System because
there would be significantly less exposure in the sense of fewer
miles of Arctic pipeline construction required 825 miles versus
1350 miles the existence of an allweather haul road and

the existance of an allweather work pad that could be

expanded relatively easily to accomodate gas line Should it
turn out that winter construction under Arctic conditions is

unrealistic either because men can not or will not work as

predicted or because equipment performance maintenance and

support is not feasible it would be relatively much simpler for
an AlaskaLNG System to proceed as Alyeska has and rely primarily
on nonwinter construction Though the liquefaction facility at

Gravina Point will be constructed just above Latitude 60 it has
the advantages of construction at fixed site where
weathermitigating measures not practical in mobile construction
are available and of primarily nonwinter construction In the

AlaskaCanada System the problem of snow roads and pad is further
complicated by the requirement that specific construction spreads
be moved up and down the Alaska-Canada right-of-way to widely
separated areas of responsibility to accomplish both winter
construction on northern sections and summer construction on more
southerly sections In order for this allpipeline system to be

completed on reasonable schedule it is quite probable that some

type of allweather work pad/haul road would have to be
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constructed with additional cost and delay to iiow or ummz
construction as appropriate north of the 60th para id

Engineering

Engineering difficultres that may occur during construction
can be divided into two categories mechanical and geotechnical0
Mechanical difficulties would include design startup and

performance problems with mechanical systems0 Geotechnical
difficulties will arise where planned construction engineering
civil engineering or pipe laying technology do not work out as

expected particular problem in the Arctic0 In general an
AlaskaLNG System is most susceptible to mechanical problems
while an AlaskaCanada System is most susceptible to geotechnical
problems

The Optimized AlaskaLNG System has moderate to high
probability for engineering difficulties because of the potential
mechanical problems during construction and startup of the

liquefaction facility0 While design and construction of such an
LNG facility is not beyond the current sLateoftheart this

liquefaction system will utilize more highly optimized system
configuration than is usual in an effort to greatly reduce
shrinkage The construction of LNG tankers has lower
probability for difficulties since tankers with capacity of

l25000l300OO cubic meters are currently under construction
with at least one having reached sea trials0 An increase in

capacity to 160000 175000 cubic meters is not significant
advance in the stateoftheart0 The impact of mechanical

problems should they occur for an AlaskaLNG System is low to

moderate since they will in general be problems with which

process engineers and marine engineers are relatively familiar
and because they would occur at fixed locations0 LNG systems
both liquefaction facilities and tankers have been constructed
in the past the innovation in an AlaskaLNG system is the

scaling up of capacities0 Further the liquefaction facility aid

the tanker fleet are to large degree moduiar the LNG

facility is composed of eight identical trains and there are
eleven similar tankers in the fleets Nondesign problems that

occur with one liquefaction train or with one tanker do not

necessarily occur with another0 If particular tanker or train
is delayed in startup the system can operate with an appropriate
reduction in capacity0 This is not as true for example with
many geotechnical problems associated with pipelines if

particular section of pipeline has geotechncal installation
delays0 the system cant flow at all until the problems have been
resolved

Engineering difficulties with pipeline either the
AlaskaLNG pipeline section or an AlaskaCanada System are not

likely pipeline technology is relatively welideveloped0 The

major innovations required for chilled buried gas pipelines in
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Arctic iegions aie the development ot steel pipe of sufficient
toughneso to protort against propagating cracks and the chilling
of the gas to subfreezing temperatures to protect the
permafiost Discussions with several groups of experts indicate
that larqe diameter steel pipe with satisfactory toughness is
available the use of crack arrestors will limit pipeline
ruptures should they occur to few hundred feet and it is
relatively simple matter to add refrigeration at the compressor
stations to chill the gas For both systems therefore the
probability of difficulties with the pipeline system is not
considered significant

The probability of geotechnical problems occurring in the
construction of an Arctic pipeline is high The TAPS experience
is indicative of the frequency and magnitude of the problems that
can occur in an engineering project in virgin areas of
permafrost tundra and meandering streams Geotechnical
problems for an AlaskaCanada System are more likely than for an
AlaskaLNG System because of the greater distances involved and
the fact that while an AlaskaLNG pipeline would be able to take
advantage of the enormous amount of baseline information
developed in the construction of TAPS the pipeline for an
AlaskaCanada System will be traversing country where relatively
little information and experience exists An area of particular
concern is the North Slope with its many approximately 100
meandering streams Little experience exists in laying pipe
through similiar stream beds with the attendant problems of ice
scower aufeis frozen gravel and permafrost

In summary an AlaskaLNG System has moderate to high
probability of encountering engineering difficulties because of
the complexity of the liquefaction plant An AlaskaCanada
System has high probability of engineering difficulties due to
the significant potential for geotechnical problems in pioneering

new Arctic route

The impact on schedule and budget for an AlaskaLNG System
is low to moderate and tor an AlaskaCanada System moderate

Labor

Two major categories of labor difficulties are considered
here shortage of necessary skills and strikes or work
slowdowns third possible category productivity is
implicitly considered in the section discussing weather problems

There is potential for labor difficulties in both Alaska
and Canada Alyeska experience indicated that labor problems can
have significant influence on costs and schedule0 The
probability that labor difficulties will occur in an
AlaskaCanada System is high while the probability for an
AlaskaLNG System is low to moderate for the following reasons
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An AlaskaCanada System has homogeneous labor
requirement large number of workers in few
particular skills are required pipelaying skills An
AlaskaLNG System has at least three separate
components pipelaying LNG liquefaction and
regasification facilities construction tanker
construction requiring heterogeneous skill mix In
general the greater the number of workers of
particular skill required the greater the possibility
of shortage

There is the possibility that an AlaskaCanada System
will require the use of large percentage possibly
100 percent of Canadian labor on the Canadian section
Should this be the case it is probable that many of the
Canadian workers will be inexperienced in pipelaying
requiring significant training program Such
situation necessarily increases the potential for labor
shortages in critical skill areas

Canadian labor productivity may be overestimated in the
Base Case Information presented in the 1973 Yearbook
of Labour Statistics International Labour Office
indicates that the average incidence of labor disputes
per 10000 workers involving work stoppages lasting
ten days or longer in the construction industry i.s 28
times higher in Canada than in the United States
Strikes and work stoppages are particularly damaging to

seasonal construction schedule since even short

shutdown at critical time may cause schedule slip
to the following construction season

Careful consideration of the above points would indicate
that the impact of labor difficulties on an AlaskaCanada System
will be relatively greater than the impact of labor difficulties
on an AlaskaLNG System Because of the modular nature of an
AlaskaLNG System the shortage of particular skill should it

occur does not affect the entire system shortage of pipeline
welders for example would not influence the construction of the

LNG tankers the liquefaction facility or the regasification
facility Conversely shortage of skilled pipeline welders on
an Alaska-Canada System because of large demand relative to

supply because training programs do not work out as anticipated
or because of strike could influence the entire project The

Base Case A1askaLNG System does not anticipate training large
numbers of unskilled workers In the case of strikes or work
stoppages should particular union stop work for whatever

reason on an AlaskaLNG System only that part of the system
using that particular labor skill is affected

In the event that United States labor can be used on the

Canadian section of an AlaskaCanada System there would be
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requirement for binational labor agreements the negotiation of
which must add an extra element of complexity to an AlaskaCanada
System increasing the potential for difficulties and delays

It should be noted that two ways to mitigate the affects of
strikes or work stoppages are through public opinion and legal
action In the case of an AlaskaLNG System American labor
should be somewhat sensitive to general American public opinion
on project of this importance In addition should public
opinion not be sufficient to impress both labor and management
with the importance of settling differences without work
slowdowns or stoppages there is the potential for U.S courts to
legally require continuing work while differences are arbitrated
This is not necessarily the case for an AlaskaCanada System
while Canadian labor is certainly sensitive to Canadian public
opinion and Canadian legal action it may be much less so to
American concerns

Logistics

Two sorts of logistical difficulties may occur material
and equipment shortages or delays in delivery to primary staging
areas and transportation problems between primary staging
areas and pointof-use Logistic systems are particularly
vulnerable in Arctic regions because of the seasonal nature of
many of the transportation systems and because of the great
distances involved The fact that many roads airways and
waterways are not allweather makes logistical scheduling and
resupply particularly critical month delay in delivering
material to the staging area of river that is open to traffic
only during the summer season could mean an eight month delay in
delivery to construction site Individuals in Alaska familiar
with the construction of TAPS indicate that logistical problems
are major source of difficulty in Arctic construction

Material or equipment deliverability problems are moderately
probable for an AlaskaLNG System because of the large number of
specialized components required in liquefaction facility
Transportation problems for an AlaskaLNG System however are
unlikely because the majority of facilities are located either in
shipyards or at fixed facility at Gravina Point on Prince
William Sound readily accessible via existing transportation
systems Further the 825 miles of pipeline required through
Alaska will be laid down through known corridor containing an
allweather haul road usable essentially throughout the year
Airtleids and access roads already exist as result of the TAPS
construction

The probability for logistical difficulties in an
AlaskaCanada System is high because of the seasonal nature of
the Arctic section of the transportation system and the potential
for supply difficulties with the large amount of big inch pipe
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required by the system neither us nor Canadian steel mills
have ever produced 48 inch pipe an the quantities that will be
required by an AlaskaCanada Project and large quantity ofconstruction equipment necessary For the 1350 miles of the
AlaskaCanada System north of Latitude 60 primary logistical
support will be provided by barging on the Mackenzie Rivers TheMackenzie River however is only open to traffic for
approximately 45 months during the summer this seasonalityconstraint on the major transportation artery north of Latitude
60 puts extreme emphasis on planning and scheduling Furtherthe Base Case schedule requires approximately doubling ofcurrent capacity for Mackenzie River traffics This requires the
ordering building and delivery of fleet of new tugs and
barges for use in support of the pipeline project addingcomplexity to the schedules The pointtopoint transportation
along the pipeline rightofway north of Latitude 60 will dependprimarily on snow roads in the Base Case with some potential for
gravel fillin introducing another dimension of complexityEven with 50 percent gravel backup there is concern overdotted line transportation system in the spring when the snow
roads have melted and the temporary gravel has washed out atstream and river crossings temporary and weathersensitive
transportation system simply does not have the flexibility or
dependability of permanent allweather systems as would beavailable in the TAPS corridor

Because shortage or delay lfl deliverability of
particular piece of equipment or material in the AlaskaLNG
System will only impact on part of the system for example the
pipeline should pipe delivery be delayed and since it can be
shipped immediately over an allweather transportation system as
soon as it is available the impact of logistical problems on theAlaskaLNG System is moderate The impact of potential
logistical difficulties on an AlaskaCanada System is high for
two reasons One shortage or delivery delay of major item
could affect large portion of the system because of its
homogeneous nature and two the seasonal nature of the Arcticsection of the transportation system can cause additional delayin delivery to construction site even after the item becomesavailable at the staging area

Manageability

An important determinant of the feasibility of project is
its manageabilitye major component of overall project risk is
the risk involved in planning controlling and coordinating theresources necessary to successfully complete project In
general this umanagerial risk will increase with the size of
project with the complexity of interactions between the project
elements with the number of separate organizations involved in
managing the project and with organizational inexperience
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The probability and the impacL of managerial difficulties
are low to moderate for an AlaskaLNG System and moderate to highfor an Alaska Canada System for the following reasons

Ci The modular nature of an A1askaLNG System allows
separation of the planning controlling and
coordinating involved in the overall effort the
project can be divided into at least four separate
subproj ectspipeline liquefaction regasificati0
and shipbuilding Each of these subprojects may to
large degree be uncoupled liom one another and managed
as separate individual projects during construction
There is very little interaction between them in other
than the engineering design phases Individual
contractors can be given their respective design
specifications and allowed to work independently
Furthr the subprojects do not require similiar
resources This is not the case for homogeneous
integrated system such as an AlaskaCanada allpipeline
System with approximately 3500 miles of large diameter
pipe The construction strategy in the Base Case for
the AlaskaCanada System involves significant amount
of interaction between the sections of the system
particularly for the 2350 miles north of the us
border For example pipeline spreads installation
crews construction equipment camp facilities are
required to be seasonally moved up and down the route
to meet the planned schedules The planning
coordination control and logistics necessary to
support such schedule particularly considering the
seasonal nature of some of the northern transportation
systems their sensitivity to unfavorable weather and
the tight scheduling required pose significant
challenges to project managements Further all
sections of pipeline require basically the same
resources pipeliners and construction equipment
For project of the size under consideration here the
allocation of these resources in an economic and
expeditious manner will present an additional challenge
to project management even assuming no shortages An
AlaskaCanada System is interactive to large extent
that is particular construction spreads are
responsible for more than one section possibly
creating ripple effect when problems occur For
example should spread programmed to work in the
winter on northern section fall behind schedule on an
earlier responsibility in southern section
difficult tradeoff decision for project management
would exist the spread can either continue to work
where it is allowing construction on the northern
section to fall behind schedule or it can fall behind
on the southern section and try and keep the schedule
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on the northern section While additional spreads can
hypothetically be brought in if they are available
when such situation occurs this will certainly causecost overruns and further increase the difficulties of
scheduling and logistics These ripple effects do not
exist to the same degree in modular system The
AlaskaLNG pipeline under study does not require
overall construction scheduling of the complexity that
exists in the AlaskaCanada System

The potential for managerial problems in particular
project will in general decrease with available
experience and information For transAlaska
pipeline there has been wealth of experience and
information generated in the construction of TAPS For
an LNG liquefaction facility there exists significant
experience in the construction of other LNG facilities
The primary difference with the project under study is
one of scale The same is true for experience in LNG
tanker construction There have been large number of
LNG tankers constructed in the past some with
capacities greater than 100000 cubic meters In
considering an AlaskaCanada System it is clear that
relatively less experience and information is available
concerning Arctic pipeline construction during winter
or along the northern section of the proposed route
No major pipelines have been built in the corridor for
the northern section of the pipeline from Prudhoe Baysouth to approximately Latitude 60 1350 miles and
there is an almost total lack of experience in winter
construction and logistics on the scale proposed

The construction of either system would be monitored by
numerous government agencies particularly in the
Arctic environment An Alaska-LNG System could take
advantage of the significant experience us Government
agencies have developed in monitoring TAPS For
example the United States Congress the State of
Alaska and the United States Department of the
Interior have certainly acquired many skills and much
information critical to the effective monitoring of
major Arctic project especially in the TAPS corridor
In the AlaskaCanada System it is presumed that some
interaction would be required between US and Canadian
monitoring authorities increasing complexity and
uncertainty

Operating Risks

The important risks during the operating phase of gas
transportation system are those that relate to interruptions offlow Although there may be some risk that operating costs will
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significantly exceed those forecast the impact on the presentvalue of discounted benefits would not be large more
unpleasant scenario is one in which the Alaskan gas becomes
significant proportion of the gas consumed in particular
region Should lengthy flow interruption then occur the impact
on that region could be extremely serious There are several
ways in which the effects could be mitigated including storagefacilities trade or purchase agreements for alternate suppliesor ideally diversified gas ownership pattern over many marketareas

Under diversified ownership of the gas Alaskan gaspurchased by particular region would not be large share of
that regions supplies Even though Alaskan gas may not be
large share of the gas owned by companies in particular regionAlaskan gas could make up large share of that regions
consumption This could result in the Base Case systems because
regions other than California or the Midwest are served by
displacement California and the Midwest would consume all of
the Alaskan gas in exchange for gas from the Southwest sent to
other regions In case of flow interruption displacement
operations simply cease and the overall gas flow in the U.S
reverts back to its original preAlaska gas pattern The
pipeline facilities necessary for this dual capability mustremain in existance Thus region receiving Alaskan gas may be
resupplied from other sources if Alaskan gas flow is interruptedThe operating risks relating to flow interruptions are summarized
in Figure 34 and discussed in detail below

Weather

During operation unfavorable weather could affect anAlaskaLNG System during tanker loading and unloading operations
Storms fog high seas or ice beyond that anticipated in the
Base Case 107 ship days lost annually could potentially causefurther delivery delays Unfavorable weather becomes problem
in pipeline operation if it should either interfere with critical
maintenance operations or physically damage the pipe for
example flood damage to stream crossings

There is moderate probability that unfavorable weather
beyond that taken into account in the Base Case might further
interrupt LNG tanker operations in an Alaskan-LNG System Only
low probability exists that weather conditions could interrupt an
allpipeline AlaskaCanada System

The impact of unfavorable weather on tanker operationsshould it occur is expected to be relatively minor since the
system has been designed to accomodate some weatherinduced delay
through fleet sizing scheduling and storage facilities Should
storage facilities prove to be inadequate when the system is
actually in operation they would have to be axpanded at
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additional cost If unfavorable weathefiwere to cause pipeline
flow interruption due to heavy floods causing washout oi river
crossing for example rapid repair seems possible

In summary the risk of flow interrupflon caused by
unfavorable weather is higher for an AlaskanLNG System than fr
an AlaskaCanada System

Seismic Activity

Seismic activity along gas transportation route could
interdict flow either through direct damage to the facilities or
in the case of no obvious damage through the downtime required
for thorough system checkout Since the Alaskan coastal area
has history of significant seismic activity the probability of
an earthquake is moderate to high The probability of an
earthquake in the vicinity of the AlaskaCanada System corridor
under study is considered to be low Should seismic activity
actually occur the impact on an LNG liquefaction facility beyond
that considered in the Base Case in terms of flow interruption
is low to moderate Careful engineering and construction is
necessary to mitigate potential for damage For example LNG
plant construction upon bedrock and separation of liquefaction
trains helps to minimize down time The impact of seismic
activity upon pipeline flow is low since pipeline repair is
relatively rapid

Mechanical Failure

Failure of mechanical components within system beyond
normal wear and tear can occur Examples would include pipeline
rupture compressor failure and failure of cryogenic hardware
The probability of mechanical failure in the operation of an
AlaskaLNG System is moderate because of the relatively complex
process facilities required for liquefaction regasification is
not considered complex Significant mechanical failure on an
AlaskaCanada System beyond normal wear is unlikely

The impact on system flow of an LNG tanker or liquefaction
facility mechanical failure should generally be low because of
the redundancy inherent in multitanker fleet and multitrain
liquefaction facility In addition planned storage facilities
would mitigate the effects of mechanical failure Little
impact on flow is seen in general for an allpipeline system
since system repairs can generally be effected quite readily

Accidents

Accidental damage to natural gas transportation system can
be caused either by the parties connected with operation and
maintenance or by third parties not directly associated with the
oystem
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The probability of accidental flow interruption for either
system is moderate becduse the extensive nature of each system
provides certain amount of exposure to third party accIdents
For example in an AlaskaLNG System tankers must share the sea
lanes with other shipping creating the potential for collision
while an AlaskaCanada System would have thousands of miles of
buried pipeline some of it through populated areas with the
potential for third party accidents recent research report
on pipeline statistics indicates that third party activity is the
major accident cause An Analyses of Reportable Incidents for
Natural Gas Transmission and Gathering Lines 197072 Battelle
1973

The impact on flow caused by accidents is low for both
ysLems Pipeline systems are easy to repair assuming the
existance of enivronrnentally acceptable maintenance procedures
An LNG iquefaction facility can be designed to minimize the
effects of accidents and in the Optimized Base Case for the LNG
tanker operations there is one more tanker than necessary to
deliver full flow with all tankers operating

Conservative Case

Based on the above risk analysis it is possible to develope
more conservative set of scenarios than tnose developed in the

Base Cases The most important factor in developing
conservative scenario is the estimation of likely schedule slip
for each of the two systems under study While such estimates
are judgmental it does not seem unreasonable that an AlaskaLNG
System can slip six to eighteen months probably due to
difficulties in bringing the liquefaction process on line and
that an AlaskaCanada System can slip twelve to thirtysix
months most probably because of compounding difficulties with
arctic winter construction logistical support and labor delays
on the Canadian section

These slips in schedule would be accompanied by cost
increases cost overrun at the rate of billion dollars per
year seems reasonable for each year project completion is
delayed Thus for the midpoint estimates of schedule slips
that is one year for the AlaskaLNG System and two years for the
AlaskaCanada System the Conservative Cases anticipate 10
billion dollar cost overrun for an AlaskaLNG System and 20
billion dollar cost overrun for an AlaskaCanada Systern In this
event net national economic benefits for an AlaskaCanada System
would be $53 billion and for an AlaskaLNG System $66 billion

The average change in net national economic benefits per
year of schedule slip and including cost overrun at $1 billion
per year of delay is approximately $l7 billion Again schedule
slips cause the greater part of the reduction in net economic
benefits because of the delay in realizing the benefits to
consumer
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Conclusions

The risk analysis portion of this study presents an
evaluation of the major uncertainties associated with the
realization of budget schedule and performance goals for the
Alaskan natural gas transportation systems under study
Political or legal risks were not considered in this analysis
For example delays in the binational decisionmaking with
Canada or legal and regulatory problems in carrying out large
displacement plan might occur

The specific version of an AlaskaCanada System studied was
the Base Case System which does not include pipelines to

California or beyond Chicago as proposed by Arctic Gas By using
displacement plan to deliver Alaskan gas to regions other than

the Midwest rather than building new pipelines to these regions
the cost of an AlaskaCanada System is reduced and the net
economic benefit of this system is significantly increased thus

approaching an economic optimum The building of these pipelines
as proposed by Arctic Gas however does not significantly affect
those risks analyzed here The specific version of the
AlaskaLNG System analyzed was the Optimized Case similar to the

recent proposal by El Paso with its lower shrinkage in the

liquefaction plant This system has net economic benefits about
$500 million higher than the Base Case AlaskaLNG System
However this system is more risky to construct and operate than
the Base Case because of its greater complexity

Two tentative conclusions were reached First the Base Case
AlaskaCanada System would be the more risky to construct and
would have the greater potential for schedule slip and cost

overrun when compared to the Optimized Alaska-LNG System
Second the Optimized AlaskaLNG System is more risky to operate
with greater potential for flow interruption once in operation

These conclusions represent the average judgment at this
time of the various individuals involved in the preparation of

this report Discussions were held with number of experts and

the information synthesized into estimates of relative risk
possible schedule delay and cost overrun Again these

estimates are judgmental and not the result of any formal

mathematical analysis There will be continuing effort to

improve this analysis as new information becomes vailab1e and as

comments are received

Construction of large and complex systems such as either of

the alternative Alaskan gas delivery systems requires
sophisticated management Planning logistic support by itself
can be monumental problem Manageability of the project is an

important component of the overall risk of the project and can be

improved by breaking the project up into separate entities or

modules which can be constructed essentially Independent of one
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another The independence of the several modules is useful
because it breaks the large scale project into several smaller
more easily controlled projects The AlaskaLNG System can be
divided into five discrete components Alaska pipeline
liquefaction and loading facilities LNG carriers regasification
and unloading facilities and incremental pipeline facilities
required in the lower 48 States This modularity provides
distinct advantage in manageability over more homogeneous and
interactive project such as the AlaskaCanada System0

Experience in construction of TAPS has demonstrated the
importance of knowledgeable and efficient oversight by
governmental monitoring agencies It is fair to say that this
oversight capability is not developed without costs both
monetary and nonmonetary and that for an AlaskaLNG System many
of these costs will have already been incurred on TAPS
Congress the Department of the Interior and the State of Alaska
are going through very significant learning experience By the
time TAPS is completed they will be well prepared to discharge
their oversight responsibilities for transAlaska gas pipeline
In the AlaskaCanada System there is additional potential for
oversight difficulties in the requisite coordination between US
agencies and Canadian agencies

Installation of most of the pipeline for either system as
well as the onsite construction of liquefaction and
regasification facilities for the Alaska-LNG System will most
likely be done under costplus contracts The costplus
contracting makes it more difficult to predict and control the
cost of these segments of the two systems However larger
proportion of the capital expenditures for an AlaskaLNG System
would be committed under fixed price contractsfor example the
equipment in the liquefaction and regasification facilities and
the LNG carriers This fact reduces the risk of cost overruns
for the AlaskaLNG System as compared to the AlaskaCanada
System

There is potential for labor difficulties in both Alaska
and Canada Alyeska experience indicates that labor problems can
have significant influence on costs and schedule Potential
labor difficulties in Canada are considered more likely than in
Alaska since there is the likelihood that significant training
program will be required in Canada and labor statistics for the
construction industry indicate significantly greater number of
labor disputes in Canada than the United States Further should
U.S and Canadian interests differ the United States may have
little influence over labor difficulties in Canada

major source of construction risk is what may generally be
described as Arctic conditions term that includes the
interactive and compounding effects of severe weather
remoteness unfamiliarity poor lighting and environmental
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sensitivity inherent in large scale Arctic work The Base Case
assumption that significant portion of the pipelines for bcth
systems will be restricted to construction during the winter
season using snow work pad and snow roads must at this time be
considered risky Large scale construction in the field during
the Arctic winter has yet to be proved feasibie and the winter
experience with TAPS is not encouraging To the extent possible
summer construction shouid be considered even though it requires
the construction of an allweather work pad and road

An AlaskaLNG System is somewhat less exposed to risks
created by Arctic conditions than an AlaskaCanada System for
three reasons First less of the pipeline section of the
project is constructed north of latitude 60 rough lower bound
for Arctic conditions 825 miles of pipeline versus 1345
miles for an AlaskaCanada System Second that portion of an
AlaskaLNG System that is constructed under Arctic conditions is
done so in more controlled accessable and familiar
environment The allweather road also reduces the potential for
logistics problems transAiaska gas pipeline would be
constructed in corridor on which there is large store of
geotechnical baseline information thus reducing the potential for
unexpected difficulties The liquefaction facility would be
constructed at permanent site on Prince William Sound
significantly improving the capability for dealing with the
Arctic conditions over that possible in mobile field operation

Third if winter construction proves infeasible or if
nonwinter construction would be useful for maintaining the
schedule most of the work on the transAlaska pipeline is

possible during the warmer months using gravel extension to the
existing TAPS work pad and using existing allweather roads The
AlaskaCanada System would require an entirely new gravel pad and
gravel roads in order to carry out summer construction resulting
in higher costs and possible delays

conservative case has been developed for the AlaskaCanada
and AlaskaLNG Systems where consideration is given to some
factors which could possibly extend the schedule and increase the
costs For the AlaskaCanada System schedule slip from twelve
to thirtysix months and cost overrrun from $l0 to $30
billion is not unlikely For the AlaskaLNC System schedule
slip of six to eighteen months with cost overrun of $05 to
$l5 billion is not unlikely On the basis of the midpoint of
these estimates the net economic benefits for the Base Case
AlaskaCanada System would be about $53 billion and for the
Optimized AlaskaLNG System would be about $66 billion Again
it should be noted that this analysis does not take into account
possible legal or political risks for either system

The AlaskaLNG System is more prone to interruptions of flow
because of difficult weather conditions for skipping possible
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seismic damage to the liquefaction sstem and mechanical
difficulties the complex liquefaction process Even though nosngle egion is likely to purchase most or all of the Alakan
gas the West Coast may be consuming all of the Plnkan gas The
other regions that wilt have purhased A.laskan gas serve
through displacement plan and will actually be consurninq ga
from lower 48 sources that normally was delivered to the West
Coasts Consequently an interruption of flow from Alaska could
have very serious consequences for the West Coasts in such an
eventuality the West Coast region would still be entitled to
receive all the supplies of gas that were contracted for from
lower 48 sources If the original pipeline facilities remain in
place this gas could again be transported to the West Coast
without delays Thus all regions would share in the reduction of
Alaskan gas supplies in proportion to the Alaskan gas contractedfor Provisions must be made that the original pipelinefacilities will remain in place or other emergency provisions
must be made

This discussion of the impacts of flow interruptions and
possible mitigation measures also applies to the Base Case
AlaskaCanada System but to lesser extent for two reasons
First the probability is less of flow interruption caused by
those risks considered here again political or legal risks are
ignored Second the greater gas consumption in the Midwest
means that Alaskan gas would be smaller proportion of the
total
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FEASIBILITY

FiNANCING PROBLEMS AND ISSUES

Introduction

The main objectives of this section of the report are to review the financing

requirements of the Alaska-Canada system and the Alaska-LNG System and provide basis for

evaluating the feasibility of securing private finance for these projects Key facts and figures

concerning each project including project cost estimates current financing plans and project

sponsors and beneficiaries will be set forth and some of the major issues and problems in financing

projects of this size and complexity will be discussed

Except as otherwise indicated the projects discussed refer to the two Base Case Systems

described in Sections and of Chapter IV These projects differ in some material respects from

those currently proposed by El Paso and Arctic Gas However these differences do not change the

nature of the issues and problems faced in financing either project or the general conclusions

reached in this section

Capital Requirements and Financing Plans

The Treasury Department has made no independent estimates or evaluation of the costs of

the two systems The construction costs and the relationship between the costs of the two projects

are based on the Base Case estimates found in previous sections in this report These costs may
differ in both absolute amount and relative relationship from the cost estimates given by the Arctic

Gas Study Group and El Paso Alaska in their filings to the U.S Federal Power Commission and the

Canadian National Energy Board

The current estimates of the total capital requirements to complete the initial phase of

construction for 2.5 BCFD gas flow range from roughly $9 to $11 billion for the Alaska-LNG

System to roughly $10 to $12 billion for the Alaska-Canada System depending on how much one

allows for inflation and contingencies The major elements of these estimates are given in Table 23

The data cited in this table reflect scale-up of those contained in Department of Interior study

In 1975 dollars expansion of the Base Case Systems from 2.5 BCFD to 3.5 BCFD would

require an estimated additional $1.2 billion for the Alaska-LNG System and $0.6 billion for the

Alaska-Canada System For the present analysis it will be assumed that these amounts can be

financed largely by internal cash flow once the 2.5 BCFD system is operating

In terms of 1975 dollars construction costs for the 2.5 BCFD Cases excluding interest

during construction are estimated to be $6.5 billion for the Alaska-Canada System and $5.8 billion

for the Alaska-LNG System Projected annual rates of inflation in construction costs ranging from

to percent over the 19761981 period would escalate these 1975 dollar costs to current dollar

construction costs of $9.1 billion for Alaska-Canada and $8.2 billion for the Alaska-LNG project

Caroom Hiram Financial Problems associated with Development of Transportation Systems for Arctic Gas
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Table 23 Total capital or financing requirements for the

Alaska-Canada and Alaska-LJ\TG Systems

Billions

Alaska-Canada System

Construction costs 1975 prices 2.5 BCFD 6.5

Inflation cost increases 2.6

Interest on debt during construction 1.3

20% contingency 2.1

TOTAL $12.5

Alaska-LNG System

Construction costs 1975 prices 2.5 BCFD 5.8

Inflation cost incredses 2.4

Interest on debt during construction 1.1

20% contingency 1.9

TOTAL $11.2

In addition considerable interest on debt during construction would have to be financed
the precise amount would depend on the interest rate and the phasing of debt and equity

drawdowns Assuming roughly $1.3 billion for interest during construction for the Alaska-Canada

System and roughly $1.1 billion for the Alaska-LNG System the combined construction and

debt-interest requirements could reach $10.4 billion for Alaska-Canada and $9.3 billion for

Alaska-LNG

For large projects like the present ones cost overruns could result from delays in the

construction schedule higher-than-expected inflation or errors in engineering estimates In the case

of the two proposed projects 1-year delay in construction would cause sizable increase in

construction costs 1-percent higher rate of inflation in construction costs than forecasted in this

study would increase Alaska-Canadas costs by $415 million and Alaska-LNGs construction costs

by $401 million Construction delays during the life of construction naturally would add to

debt-interest costs as would unplanned inflation-caused cost increases The addition of 20-percent

cost-overrun factor to cover these contingencies could increase total costs of the Alaska-Canada

System to $12.5 billion and of the Alaska-LNG System to $11.2 billion

Project Financing In General

The sponsors of the projects propose to finance them through what is commonly called

project financing The essence of this type of financing involves the creation of separate project

entity which issues securities that are structured in such way that the debt service and equity

returns are provided by the revenues generated by the project This contrasts with conventional

financing in which the lender relies more on the general creditworthiness of the borrower than on

the revenues from any particular project

Although the particular structure of any project financing is determined by the nature of

the project there are two concepts which are customarily required in such financings These are
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completion guarantee and 1akeorpay contract for the project output enders generally insist

that creditworthy party or par ies enter into commitment to provide my fur ds over ard

above the or ginal fin incng plan that are necessary to complete the project or pay off the debt in

he event of ion con iple on Since lerders are relying or tIe project revcnues to service their debt

it ot unicasonable foi seek assurances that there will be mpletcd project

to provide such revenue

Other risks which lenders face are that the flow of revenues from the project would be

interrupted by an outage or prolonged ii terruption of service or insufficient to keep the project

operating and cover debt service To protect against such contingencies lenders commonly insist

that users of the projects output or service enter into what are called takeor pay contracts or

all events full cost of service con tracts Under such contract the purchaser is obligated to pay

minimum amount sufficient to service the project debt and cover certain other project costs even if

he does not receive output from the project In short he pays regardless of what other events may

occur

Arc tic Gas System Financing Plan

The sponsors of the Arctic Gas System have indicated they plan project financing which

would involve an initial capitalization of 25percent equity and 75percent debt While final

financing plans will take shape only after one of the projects is selected filings to date before the

Federal Power Commission and the Canadian National Energy Board suggest financing plan for

the Canadian portion of the project with the following features

Equity funds would be sought from U.S and Canadian gas transmission and distribution

companies US and Canadian gas producers and other investors and financial

institutions through private placements and possibly public offerings As prerequisite to

arranging debt financing equity commitments of at least 25 percent of the cost of the

basic project would be obtained

Simultaneously with the negotiation of equity commitments debt investments would be

sought on private placement basis from U.S and Canadian financial institutions U.S

and Canadian banks Eurodollarrtending banks and export lending agencies of foreign

governments

Should the initial long4erm debt commitments be inadequate to finance the entire

project shortterm bridging loans would be arranged with commercial banks These

shortterm loans would be funded by subsequent private placements or public bond

offerings

Conditional subscriptions of subordinated debentures or capital stock of about percent

of the estimated project cost would also be arranged to help finance cost overruns In

addition the financing plan contemplates that lenders will provide additional debt funds

to finance cost overruns by matching these conditional equity subscriptions in the ratio

of $2 of debt for each $1 of equity

pre umablv fnarcing for the Alaska and the Ic wee 48 OrtiOfls of the projec would be generally along the same lines but exciudmg

the iaosan SOJ es jf ft ds
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The sponsors of the Arctic Gas proje have indkted that they expect to he able to arringi

financing at least equal to 25 percent of the projected escalated cost that is including pr vision

for future inflation of the pIoject provided that the editworthiness of the project is established

In order to provide secarity for the loans and an eqeity etuin the sponsors of tne Arctic Gas
project have requested U.S and Canadian regulatory authority approval of an all events full cost of

service tariff for the project

El Paso Alaska Financing Plan

Because the nature of the El Paso project its financing plan may be more vaiied tfan the

one for Arctic Gas Although project financing might be used for some components other types of

financing are possible for other parts such as the LNG tanker fleet port facilities or pollutio

control facilities El Pasos fina Icing elan would invoive 23percent quity arid /5-ocrcent dcl

and according to testimony before the FPC may include the following features

Sale of equity securities to gas transmission and distribution ompanies including

many of the sponsors of the Arctic Gas project and if possible to Alaskan gas

P1 oducers

Sale of debt securities to major institutional investors including life insurance companies
pension funds commercial banks savings banks and possibly tile U.S public

Financing for the regasification plant to be built in southern California and certain

California
gas transmission lines is to be provided by Pacific Lighting Corporation

Title XI Federal ship financing guarantees for the fleet of LNG ships As an alternative to

Federal loan guarantees the sale of bonds secured by first preferred ship mortgages and
assignment of charter payments was identified as feasible possibility

El Pasos financial advisors concluded that ...the proposed plan is feasible provided that

the lenders can be satisfied that the project is
technically and economically sound on its merits and

that as credit matter the contractual support for its securities is sufficient to qualify them as

being of investment grade In order to achieve this latter condition El Paso has indicated that an
all events full cost of service tariff is needed

Overall Capital Market Capacity

The total current dollar capital requirements excluding cost overrun contingencies of an
Alaska gas transportation system estimated as 0.4 billion for the Alaska-Canada pipeline and

$9.3 billion for the Alaska-LNG alternative will be of unprecedented magnitude In comparison
the Alyeska oil pipeline is estimated to cost $6.4 billion and the largest previous North American
project financed by project financing was the $930 million Churchill Falls hydroelectric project

during the mid-l960s The capital requirements for the two projects equal 90 percent and 80
percent respectively of the net security sales of all U.S public utilities in 974 and would constitute

approximately percent and percent respectively of the projected $138 billion U.S utility

security sales over the period 1976 l98l

Tcstimonry by LI Kalzenbach ofWfite Weld and Co before the FPC March 1975

Caroom op cit
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Despite the unprecedented size of this project the financial advisors of both projects have

stated that the private capital markets can handle project of this size if it is established as viable

and creditworthy Any assessment of the financiability of the projects should begin with look at

the overall size of the capital markets and the capacity of those sectors of the capital markets that

will be tapped for funds Under both proposals the funds will be raised and disbursed over the six

year period 1976 to 1981 with most of the funds being raised over the first three to four years

Looking first at some broad aggregates the following table contains historical data and projections

of funds raised in U.S credit markets It should be emphasized that the data in Table 24 are

averaged annual flows

Table 24Net funds raised in U.S capital markets average annual rates in

billions of current dollars

197074 1975 79

Total Net Funds Raised 187.6 281.3

By Corporate Nonfinancial Business 56.8 99

By Other Nonfinancial Business 14.3 19.5

Net Acquisitions by Lending Sector

Total 187.6 281.3

Domestic Financial Sectors 159.9 228.0

Life Insurance Companies 13.2 19.0

Other Insurance Companies 5.6 7.5

Private Pension Funds 68 10.5

State and Local Govt Retirement Funds 7.8 11.5

Mutal Savings Banks 6.8 8.5

Savings Loan Associations 25.3 29.5

Federal Credit Agencies 12.9 21.0

Commercial Banks 61.3 91.0

Federal Reserve System 6.1 8.0

Finance Companies 6.0 11.5

Other Financial Institutions 8.1 10.0

Nonfinancial Sectors 27.7 53

From an analysis by Benjamin Friedman Fconomic Foundations of

the Analysis the appendix to United States Capital Market Capacity Study

Prepared for Arctic Gas Companies by Morgan Stanley and Company

November 15 1974

Over the 197074 period the average annual net amount of funds raised in U.S credit

markets was about $188 billion and during the 1975 79 period this average is projected to increase

to about $281 billion per year Thus over the fouryear period that most of the capital for the gas

transportation system will be raised the U.S capital markets are projected to have an overall

capacity of some $1125 billion and of this some $397 billion will be raised by corporate

nonfinancial business It therefore seems clear that the U.S capital markets will have the overall
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capacity to handle the gas transportation system financing although the project will of coursehave to compete for these funds against other borrowers

Capacity of Specific Sectors of the Capital Market

The financing plans for the two systems call for tapping number of different
sectors of the U.S capital markets such as life insurance companies pension fundscommercial banks and the public along with equity investments by the present and
potential sponsors and in the case of the Arctic Gas System the Canadian markets and
the international capital markets Accordingly one has to look at the reasonableness of the
amounts that are projected to be raised in the various sectors However the financing
plans as noted above are not firm at this time Thus the analysis necessarily has to be
tentative and suggestive

If one considers only the U.S capital markets raising the amounts of funds projected from
the various sectors should be feasible assuming the viability and creditworthiness of the project is
established and sufficient yields are offered on the investments Probably the most critical sector
among the institutional sources of funds for both projects is the U.S life insurance industry whichwould be the leading institutional buyer of bonds Historically the life insurance industry has been
the most important source of debt funds for major industrial and utility project financing Under
the current financing plan for the Canadian portion of the Arctic Gas project U.S life insurance
companies are expected to purchase $1250 1500 million of bonds in the initial placement and$l75250 million in subsequent offerings Presumably significant proportion of the debt funds
for financing the other portions of that project also would be raised from U.S life insurance
companies While the financing plan for the El Paso project is less specific on this point this project
also would be faced with the necessity of placing significant proportion of its debt with U.S life
insurance companies As was noted in the previous table U.S life insurance companies are
projected to be supplying to the credit markets some $19 billion net year on average during that
period of which some $8.8 billion is expected to be accounted for by net purchases of corporatebonds On gross basis the amount of funds available for new investments may be twice that
amount However life insurance portfolio managers wish to avoid undue concentration in the
securities of single company In their financing plan for the Canadian section of the Arctic Gas
System U.S life insurance companies will be expected to purchase some $1250 million to $1500
million of the projects debt in 1976 Estimates indicate that these securities would absorb 1417
percent of the insurance industrys total net corporate bond purchases in that year These securities
would constitute U1.2 percent of the insurance companies total corporate bond portfolios but
only 0.43 0.52 percent of total U.S insurance company assets in 1976 If the sale of these
securities is rather evenly spread among major portion of the industry it should be feasible and
the likely additional amounts of securities that would be sold to U.S insurance companies to
finance the other portions of the project could probably also be absorbed If the debt targeted
for the U.S insurance sector were to rise however to about $3 billion which would account for
some 1.0 percent of the projected total assets of the U.S insurance companies in 1976 it might

Ibjd

Caroom op cit

This conclusion is of course contingent on the establishment of the creditworthiness of the project
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well prove quite difficult to get the insurance companies to place such large amount in

single project

There are no apparent problems with the capacities of the other sectors of the US

capital markets to provide the amounts of funds implied by the available financing plans critical

factor behind the amount of funds that will be available from the various sectors will be the ci edit

rating that is given to the projects securities In particular if the securities were to be rated single-A

instead of Baa or BBB the participation by certain institutional lenders could be increased and

thereby the overall capacity of the capital markets to absorb the financing would be increased For

example many public pension funds are required by statute or policy to be invested in securities which

are not rated less than single-A by one or both of the major rating services Also savings banks are

normally required by policy or regulation to buy bonds rated at least single-A

With respect to the financing plan for the Canadian portion of the Arctic Gas project the

Canadian financial markets are expected to supply about $L3 to $L65 billion of the debt funds

This will be large amount for the Canadian markets but it is probably feasible These numbers

include $500$600 million in bank term loans In addition Canadian banks will be expected to

provide some $500 million in bridging finance which would be fully covered by firm take-out

commitments from long-term lenders or equity investors The Canadian life insurance companies are

expected to purchase $250$300 million of the bonds of this project These bonds would

account for about 11 13 percent of Canadian life insurance companies projected total net corporate

bond purchases during the 97678 period and would constitute relatively high 094i .13 percent

of Canadian life insurance company assets These bonds would have to carry very low risk if

Canadas insurance companies are to invest so heavily in them It could also prove difficult to

induce the Canadian public to purchase projected $475$500 million in corporate bonds over the

l97678 period which would absorb from 7.4 to 8.5 percent of the publics projected overall net

bond purchases over that period

The Arctic Gas project financing plan also envisages obtaining $200 million in bond and

note financing in the international capital markets and obtaining from the international

Eurocurrency banks rvoiving credit commitment of $1 5$2 billion with about one-half of

that being capable of being funded into term loans

The present El Paso financing plan does not specifically target the international capital

markets although presumably that potential source of funds would be equally available to an

Alaska-LNG System and would be considered when the final financing package is put together

Financial Risks Faced by Investors

Befoie they will provide funds to the project both equity and debt investors must be

satisfied that the project is creditworthy and that the level and certainty of their expected return on

investment is adequate to compensate them for the risks they assume As discussed later the total

Caroom op cit
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benefits to the currently proposed equity investors in these projects are likely to exceed the
requested regulated return on the transportation system investment and are apparently sufficient to
induce them to provide equity funds Project benefits pIes the regulated ia of return may also be
sufficient to attract funds from other cuiTent and potential beneficiaries On the other hind it

not clear that the expected return on equity will be sufficient to attract substantial funds from
other potential equity investors not directly benefiting from the project

Although debt investors generally assume some modest amount of risk in return for higher
interest rates the large amounts of capital required for this project probably cannot be raised if

there is any substantial preceived risk to the timely repayment of principal and interest Thus
prerequisite to financing this project is to establish that payment of debt service could be expected
regardless of what other events occur

The two major financial hsks faced by investors are the risk Qf noncompletion of the
project and the risk that once completed revenues will be insufficient to cover all project costs

including debt service Noncompletion could result from unforeseen construction difficulties
environmental suits and other legal or political difficulties Insufficient revenues could result from

the failure of regulatory agencies to allow tariffs which recover the full project costs or
interruption of gas flow due to natural disaster mechanical failure or other force majeure events

Risk of Noncom pletion

In the event of noncompletion the fundamental concept of project financing that is
service of debt through project revenues is frustrated and in the absence of other protection the
lender would lose his investment Therefore before committing funds to an Alaskan gas
transportation system lenders will seek assurances that there are adequate funds to finance
completion and protection in the event of noncompletion for reasons other than lack of funds

Previous analysis in this report has indicated that constmction of either project is feasible
from technical standpoint but that for various reasons there is medium nsk of construction
difficulties whieh could lead to schedule delays or cost overruns Assuming the risks of

environmental legal and political difficulties can be resolved the primary nomcornpletion risk

concerns the ability of project sponsors to finance unexpectedly large overruns that might arise as
result of inflation and delays Therefore to induce lenders to commit funds to either project some
means must be found to assure them that cost overruns can he fInanced

Lenders commonly look to the equity participants ii pioject for uch assurances If
however these parties do not have sufficient ability to assure lenders that they can provide such
financing othei sources of overrun financing must be sought For exinple additional equity
participants might be sought such as gas producers or additional gas pipeline or utility companies
the lendcrs themselves might agree to assume some of the overrun financing or an ther clearly
creditworthy party might enter into an aeement to provide overrun finance In addition gas
consumers might be involved in overrun financing by surcharge mechanism although imely
approval of such an arrangement for this project by regulatory authorities should not
necessa ily be assurried



second extremely remote risk associated with either Alaskan gas transportation system is

that for some unforeseen reason the project could not be completed even though adequate

financing was available to do so In such case lenders would be left with relatively worthless assets

and no assured means of loan repayment To protect against such an eventuality investors will insist

that some creditworthy party or parties stand behind the project This might be the equity

participants or if their credit is not sufficient another clearly creditworthy entity

Other conceptually possible methods of providing similar protection would be

consumer surcharge mechanism through which some part of if not all of the debt principal and

interest payments could be recovered from prospective consumers of the aborted project or

negotiation of purchase contracts that would provide that debt service would be paid by the

purchaser for example local gas utility through system of minimum payments in the event of

noncompletion As in the case of using consumer surcharge for cost overruns there may be

practical problems in using these methods to help provide assurance of debt repayment in the event

of noncompletion Regulatory approval may not be granted in timely fashion for the surcharge

and local utilities would be reluctant to commit to paying debt service without assurances that the

costs could be passed on to the ultimate consumer

Risk of Insufficient Project Revenues

As in the case noncompletion interruption or diminution of revenues would frustrate the

concept of project financing and force lenders to rely solely on the credit of the project entity With

projects of this size and complexity even low risk of interruption is of concern to lenders In the

present case there are two major ways of satisfying the lenders need to have some mechanism to

ensure debt repayment in the unlikely event of long-term service interruption

First the lender might be satisfied by clearly creditworthy party or parties standing

behind the project for example by agreeing to guarantee repayment of project debt In many

projects this type of guarantee is provided by the project sponsors However in the present case

the size of the projects is so large that the current sponsors may not have sufficient aggregate credit

to satisfy the lenders Therefore it may be necessary to strengthen the combined credit of the

sponsoring group by adding new members for example additional pipelines and utilities or

producers It should be noted however that while broadening the sponsoring group may diversify

the risk and increase the overall asset base and creditworthiness of the sponsors it might not satisfy

lenders or raise additional funds Each sponsor would still be accepting large obligation and some

of the previous sponsors may be less willing to be exposed to such potentially large liabilities if their

share of Alaska gas is reduced

Second lenders might be satisfied with an all events full cost of service contract which

would require gas shippers to pay the full cost of operating the transportation system including

debt service regardless of whether gas was flowing or not In theory this type of tariff would

assure lenders that once the project is completed revenues would always be adequate to cover the

projects expenses Under such contract the costs would be passed on to the local gas utilities who

in turn would pass on the cost to gas consumers Accordingly the sponsors of both projects

originally proposed that the relevant regulatory authorities grant an all events full cost of service
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tariff and indicated that approval of such taff was an essential prerequisite to arranging privatefinancing

Under typical pipeline tariff an entity regulated by the Federal Power Commission FPCwould normally have to seek FPC approval after proper notice under statutory requirement of anyrate increase The FPC could approve or deny the requested increase on the basis of thecircumstances at the time On the other hand under the all events full cost tariff approval issecured in advance and subsequent rate increases are automatic At this point in time it is difficultto predict whether the FPC would approve an all events full cost of service contract for the projectentity for an Alaskan gas transportation system Two contracts allowbig full cost of seice passthrough even in the event of force majeure service interruptions have been approved in the pastHowever the projects were somewhat different from the present ones In addition FPC approvalcould be challenged in court and project implementation delayed Congress could of courselegislate an all events full cost tariff for the project at least for the FPC regulated portion of theproject

However from lenders point of view potential problems might exist even if the FPCand/or Congress were to approve the all events tariff for the project One potential problem is thatshould Alaskan
gas deliveries be interrupted local rate commissions might prevent the pass throughof costs to consumers by refusing to grant local utilities rate increases on the remaining gas flowFaced with this possibility shippers might refuse to sign all events full cost of service contractsbecause of the
difficulty in

collecting from their customers if pass through by the
utility to theconsumer is not allowed In such case the lenders would be forced to rely for some time periodon the general credit of the shippers something they might be unwilling to do In addition shouldAlaskan gas constitute very large percentage of any particular localitys gas supply the increase incosts to consumers due to seice interruption could possibly be so large as to result in consumeruse cutbacks or even boycotts

In theory the risks of these events occurring and the resulting impact if they should occurmight be reduced to more manageable proportions if the amount of Alaskan gas flowing to any onelocality and to any one State could be held to some low percentage of the total flow This mightalso help reduce the size of the necessary price increases on the remaining gas flow and help reassurepotential lenders that local rate commissions would honor all events full cost of seivice contractsthat passed costs all the way through to the ultimate consumer In addition if
relatively smlamount of gas is going to large number of

localities an adverse
ruling by any single ratecommission would not likely jeopardize the repayment of project debt Furthermore manyFPC-approved tariffs contain interest penalties for late payment and in the case where localutility did not pay the FPC set pce for significant length of time the shipper could take courtaction to enforce the all events tariff Finally some local utilities have purchased gas adjustmentclauses which might allow them to automatically pass on the cost of their gas purchases toconsumers

Therefore conceptually an all events full cost of service tariff combined with widedistribution of Alaskan gas could provide substantial assurances to lenders with regard to theadequacy of revenues to repay the debt of the project entity In practice however it might not be
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possible to secure FPC or Congressional approval for such tariff or even if such tariff is

secured induce shippers to sign the taiiff with the project entity if there were significant

uncertainty about their ability to pass all costs on to the ultimate consumer

Lendeis may accept such an approach but are traditionally reluctant to commit substantial

amounts of funds to projects where they have to rely primarily on court action or regulatory

commission approvals rather than the strength of some creditworthy party to ensure debt service

This would be especially true in the present case where the size of loans is so large the project so

complex and the legal problems involved in obtaining and enforcing an all events full cost tariff

currently unresolved Thus in order to provide lenders with the necessary assurances that they will

be repaid in the event of interruption in the flow of Alaskan gas it might be necessary to have not

only an all events full cost of service contract but creditworthy party e.g large consortium of

creditworthy companies standing behind the project

Financing Capabilities of Proposed Equity Investors

From the financing plans previously discussed it appears that between $2.3 and $3 billion

in equity investment will be required his raises the question of the ability of the current sponsors

to finance potential $3 billion of equity investments plus any additional unexpected cost

overruns As noted in the previous subsection demonstration of this ability is prerequisite to

securing debt financing

Seven gas pipeline and two gas utility companies holding options on Alaskan gas plus El

Paso or some Canadian companies depending on which system is selected are currently the only

sponsors of either transportation system These project sponsors will have to rely on internally

generated cash flow direct borrowing or sales of equity securities to finance the $3 billion plus

investment As shown in Table 25 below the nine U.S gas pipeline and gas utility companies

folding options on Alaskan gas had internally generated cash flow net income plus non-cash

charges less dividends of some $1.23 billion during fiscal year 1974 El Paso had chas flow of

$233 million and the Canadian gas utility sponsors of the Arctic Gas pipeline had cash flow of

$143 million Without allowing for ruture changes in cash flow the nine U.S comoanies holding

options on gas could generate some $4.9 billion internally over four-year period Adding El Paso

would boost this total up to $5.8 billion and alternatively adding the Canadian companies

increases the total to $5.5 billion The above numbers do not take account of securities retirements

and thus implicitly assume that the companies involved can fund their maturing debt with

additional borrowings In addition based on 13 data the financial advisors of Arctic Gas have

estimated that the rune companies holding options could raise additional debt of $.725 billion

without causing decline in bond ratings and $1475 billion with decline of one grade The

amount of equity securities that these companies might be able to sell could be sizable but is very

difficult to prodict Considering both interr1ahy generated cash flow and external financing

possib litics it appears that the current group of prqject sponsors could provide the iequisite equity

capital although this is clearly large undertaking for group of companies of this size

Data fron study by the financial advisors of Arctic Gas cntitled Canadian Arctic Gas Study Liii itcd Seiectcd Statistics for

hid tA dysis
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Table 25 Companies holding options on Alaskan gas

$000 000 Corporation Net FNon-Cas
rD1l

income Changes dencis
Flos

COMPANIES hOLDING OPTIONS ON ALASKAN GAS

Pacific Lighting Company
42 40 35 47Northern Natural Gas Company

120 133 38 215Columbia Gas System Incorporated Parent of Columbia Gas Transmission Company 110 162 66 206Pacific Gas and Electric Company
261 94 169 186American Natural Gas Company Parent of Michigan Wisconsin Pipeline Company 92 110 47 155Peoples Gas Company Parent of Natural Gas Pipeline Company 87 95 43 139Panhandle Eastern Pipeline Company

69 84 31 122Texas Eastern Transmission Company Parent of TransWestern Pipeline Company 95 108 45 158

Sub Total U.S Optior Unders
$876 826 $474 $1228

CANADIAN SPONSORS OF ARCTIC GAS

Sub Total Canadian Companiese
$110 100 67 143

Total for US Canadian Sponsors of Arctic Gas
$986 926 $541 $1371

El Paso Company
74 187 28 233

Total for U.S Option holders plus El Paso
$950 $1 013 $502 $1461

Data from Standard and Poors
Depreciation plus deferred taxes less AFUDC allowance for funds used during construction and other

Total for four Canadian gas utility and transportation companies
Other non gas utility Canadian investors are not included

In addition the lenders will be looking to the project sponsors to provide part of any costoverrun financing that might be required or assist in repaying debt in the event of noncompletjonThis will place potential additional financing burdens on the project sponsors Since the precisedollar amount of these obligations is not known in advance agreement to finance overruns or repaydebt in event of noncompletjon results in type of opemended commitment While suchcommitment does not rqui-e the immediate generation of cash it does result in contingent
liability of an indeterminate and conceivably quite large amount something the currer sponsorsmight not be able to afford

Potential Additional Sources of Finance for the Projects

The present financing plans are based on the assumption that the project can be financed byequity and cost overrun commitments from the current group of sponsoring companies debt drawn
mainly from the traditional institutional lenders in the United States Canadian and international
capital markets for example insurance companies and pension funds and additional cost overruncommitments from some of the lenders As noted in the previous subsections it appears that either
project could be financed from these sources if it is clearly established that the project is
creditworthy

However if the cunent sponsors or potential lenders are unable or unwilling to completeyfund the project additional sources of finance or financial backing would havr to be arranged foi

fi



the project to proceed In normal projects once it is apparent that the proposal is economically

viable as this one appears to be the parties who would benefit most from its completion generally

come together to work out method of financing the project The purpose of this section is to

consider some of these direct beneficiaries as potential additional sources of finance or financial

backing for the project

Owners of Alaskan Gas

The economic benefits flowing to the owners of Alaskan gas will be determined by the

difference between the welihead price received for gas and the production costs The wellhead price

is therefore extremely important in considering the viability of financing delivery system An

adequate welihead price would provide strong incentive to find and develop additional gas If

additional quantities of gas are found as we believe they will be the capacity of the delivery system

could be increased with moderate additional investment resulting in significantly lower per MCF

transportation charge Therefore the gas pipeline and distribution companies and the consumers

would also stand to benefit from extended assured supplies which can be distributed at reasonable

cost

In addition the level of wellhead price will determine the incentive to the operator owners

of North Slope gas to participate in financing gas delivery system If the wellhead price received

by the oil companies is only at the margin of producing costs there is no particular economic

advantage for the operator to produce his gas or assist in financing the pipelinebecause they

would only receive only the same regulated rate of return as any other investor

On the other hand if the producer can receive wellhead price above the marginal

production costs he has definite incentive to see that the pipeline is constructed so that he can

realize the potential profit Without such transportation system these large proven gas reserves and

potential future gas discoveries are virtually worthless For this reason it would seem that

depending on the attractiveness of alternative investment possibilities and the size of the available

capital resources the oil companies might find it to be in their interest to participate in the

financing should that be required in order to get transportation system built

Trade publication accounts indicate that after subtracting the State of Alaskas royalty gas

the companies owning the major portion of Alaskan gas are Exxon Atlantic Richfield Co Standard

Oil Co Ohio and British Petroleum Alaska under merger agreement Should these major

producers decide that it was in their interest to assist the financing of natural gas transportation

system they apparently have the capacity to do so Assistance could be provided by direct

equity or debt investments or agreeing to help finance cost overruns or guarantee some amount

of debt to assure repayment in the event of noncompletion or prolonged outage However it must

be recognized that any decision by the producers to help finance the project would have to take

into account other competing demands for funds the rates of return on alternative projects and the

fact that they are already committed to provide substantial additional amounts of capital in order

to produce the gas
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Gas Consumers

With the current and anticipated shortage of natural gas those gas consumers residential

commercial and industrial directly or indirectly receiving Alaskan gas will obtain significant

benefits The most important benefit is continuous supply of economic natural gas which means
that the consumers do not have to seek more costly alternative energy sources or incur the large

capital costs to switch to such sources The consumers receiving the major benefits will be in the

areas served by the domestic pipelines and gas utilities having options to negotiate purchase

contracts for Alaskan natural gas Some 25 to 30 States in the West Midwest and East plus the

District of Columbia are presently served to some extent by the companies holding such

contracts list of these companies and their service areas is given in the following subsection

under the heading Gas Pipeline and Utility Companies

The large benefits that accrue to consumers in these areas may be sufficient grounds for the

adoption of innovative regulatory procedures which would involve consumers more directly in

financing and bearing the risks of this project This could be accomplished by adoption of an all

events full cost of service tariff or surcharge on current gas consumption which would go to

help finance an Alaskan gas transportation system One form of such surcharge is including work
in progress in the rate base so that consumers would pay the interest charges on project debt and

return on equity investment while the project is under construction

Use of surcharge mechanism would in effect increase the current cost of gas to consumers
but reduce future costs to level lower than would prevail if consumers did not help finance the

project Consumers participation in the financing of the project would reduce the amount of debt

service that would have to be recovered through the tariffs for transport of Alaskan gas and
therefore future consumer tariffs could be correspondingly lower Very large amounts of capital

could be raised by the use of these mechanisms and recent regulatory decisions involving surcharges

suggest they warrant serious further consideration For example hearing examiner for the New
York State Public Service Commission recently endorsed proposal for surcharge on the

customers of 12 utilities to pay the companys cost of participating in natural gas exploration and

development program Likewise the California Public Utility Commission has approved similar

proposal for surcharge on the customers of the Southern California Gas Company The proceeds

of the surcharge total more than $600 million and will be used to pay debt service on loan to the

Atlantic Richfield Company to develop its reserves in Alaska In return for its assistance SOCAL
would obtain an option to negotiate for gas which Atlantic Richfield has developed

However the ability of the consumers to assist in the financing of an Alaskan gas

transportation system does depend upon forward-looking decisions by State and Federal regulatory

commission Although recent regulatory decisions provide grounds for some optimism concerning

the use of consumer surcharges in financing projects like these it should not necessarily be assumed

that the appropriate regulatory commissions will grant approvals in time to be of significant help in

financing either of these projects

Gas Pipeline and Utility Companies

If the anticipated future natural gas shortages occur those gas pipeline companies and

utilities receiving substantial amounts of Alaskan gas would benefit greatly The primary benefit is
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to have an assured source of economic gas to run through their systems in period when obtalning

gas may be difficult and in many cases may require paying much higher price for synthetic gas of

imported LNG In addition they receive the normal regulated rate of return on investments in the

project The fact that the benefits are substantial is illustrated by the fact that the competition for

options on Alaskan gas has been intense and the companies holding options have indicated

willingness to undertake very sizable equity investments in order to bring the gas to market

It is clear that the gas pipeline and utility companies benefiting the most from the project

are those holding the options to purchase the natural gas At present seven domestic pipelines and
two gas ufilities hold exclusive options to negotiate purchase contracts with gas producers for about
83 percent of the proven Alaskan natural gas reserves The remaining reserves are made up of the

State of Alaskas 12 percent royalty gas which can be taken either in kind or as proportion of

the producer revenues and 4---5 percent of reserves held by oil companies having small gas holdings
Should the State of Alaska decide not to take its gas in kind the above group of companies would
also receive the 12 percent of royalty gas list of these companies together with an estimate of
the amount of gas under option in trillions of cubic feet is given in Table 26

Table 26 -Consolidated internal cash flow for current sponsoring companies for fiscal year 19 74a

Percent of

TCF
Optioned Gas

Pacific Lighting Company of Southern California serves Southern California 4.8 22.3

Northern Natural Gas Company serves Colorado Illinois Iowa Kansas Missouri 4.0 i8.6

Nebraska Oklahoma Texas and South Dakota

Columbia Gas Transmission Company serves the District of Columbia Kentucky 3.5 i6.3

Maryland New York Ohio Pennsylvania Virginia and West Virginia

Pacific Gas and Electric Company serves Northern California 2.4 11.2

Michigan-Wisconsin Pipe Line Company serves Illionis Indiana Iowa Kansas 2.0 9.3

Michigan Missouri Ohio Tennessee and Wisconsin

Natural Gas Pipeline Company of America serves Illinois Indiana iowa Kansas i.6 7.4

Missouri Nebraska Oklahoma Texas and Wisconsin

Panhandle Eastern Pipe Line Company serves Illinois Indiana Kansas Michigan i.6 7.4

Missouri and Ohio

Texas Eastern Transmission Company serves Alabama Arkansas Illinois Indiana 1.2 5.6

Kentucky Louisiana Mississippi Missouri New Jersey New York Ohio
Pennsylvania Tennessee and Texas

Trans-Western Pipe Line Company subsidiary to Texas Eastern Transmission Company 0.4 1.9

TOTAL OPTIONED GAS 21.5 100

Note The options noted in the above table cover 83 percent of the proven Alaskan natural gas reserves The remaining reserves

are made up of the State of Alaskas 121/2 percent royalty gas and 4S percent of reserves held by oil companies having small gas

holdings The precise amount of gas going to some companies cannot be determined until oil starts to be produced

In 1973 these companies accounted for net gas sales of an estimated 7274 BCF while total

market gas both interstate and intrastate sales was 22600 BCF and sales by the 33 major FPC

Estimate supplied by Arctic Gas

FPC data
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regulated natural gas pipeline companies were 16000 BCFThus the Alaskan gas purchased by
these nine companies would be going to systems currently carrying 44 percent of interstate gas sales

and 32 percent of total gas sales Within the nine companies Pacific Lighting Company 22
percent Northern Natural Gas Company 19 percent and Columbia Gas Transmission Comapny
16 percent hold options on an estimated 57 percent of the gas which has been committed These

three systems had total gas sales of approximately 3280 BCF in 1973 which accounted for about

15 percent of total domestic gas sales and about 20 percent of interstate gas sales

These seven pipeline companies and two gas utilities holding options plus El Paso or some
Canadian companies depending on which system is selected are currently the only sponsors of

either transportation system In the event these current sponsors need assistance in financing the

project they might consider gas pipeline and gas utility companies not presently holding options on
Alaskan

gas of which some are very sizable companies Presumably other companies would

participate as project sponsors if they were able to obtain gas and share in the benefits Should

additional gas pipeline and gas utility companies participate in the project the asset base and overall

capacity of the sponsoring group of companies to make the necessary equity investments and to

finance cost overruns would increase In addition as previously discussed the willingness of debt

investors to lend against an all events full cost of service tariff might be enhanced if the gas is spread

over broader group of consumers and the size of the potential rate increase is minimized

However the current project sponsors are reluctant to reduce their share of Alaskan gas

because they apparently need it for their own systems In addition some of the current sponsors

having smaller amounts of gas might not he interested in participating if their shares were

substantially reduced Likewise if the sponsoring group were broadened and smaller amount of

gas were to flow to some of the current sponsors they might not be willing and/or able to provide

as much capital as they would have when their share was larger

State of Alaska

The State of Alaska would be major recipient of benefits if production of the gas were

assured by the building of transportation system since it would receive 12 percent royalty

which can be taken either in kind or as precentage of producer revenues and approximately

percent production tax At 2.5 BCFD flow beginning in 1981 and extending through 2000 the

discounted at 10 percent dollar values of revenues to the State of Alaska for $0.50 $1.00 and

$1.50 MCF wellhead priced gas are $0.4 $0.8 and $1.2 billion Of course increasing the gas flow to

3.5 BCFD in 1985 would enlarge the level of revenues received by the State These benefits would

be further increased if the economic value of the gas consumed directly in Alaska were found to be

greater than the wellhead price

These figures cannot be taken wholly as net benefits but they do indicate the magnitude of

additional income which could accrue to the State solely from selling its share of gas which without

either of the two transport systems would remain locked in place for an indefinite period of time

An inference could reasonably be drawn therefore that the State of Alaska might find direct

1PC dat
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participation in financing the pipeline to be economically beneficial Alternatively the State might

indirectly assist in the financing by selling part of its royalty gas to pipeline or utility company

who would in turn then be willing to help finance transportation system

major source of funds for investment by Alaska would be the large oil production royalty

revenues to be received by the State beginning in 1978 Alaska would receive about $650 million

annually assuming production rate of .6 million barrels per day wellhead price of $9 per

barrel and 12-percent royalty Thus it seems clear that Alaska would have the capacity to

finance portion of the pipeline or to help finance cost overruns or guarantee debt to ensure its

repayment in the event of noncompletion or flow interruption

Project Investors

Given the large size complexity and risks associated with either of the proposed

transportation systems it must be expected that both equity and debt investors will require

relatively attractive returns on investment For both projects large institutional investors such as

commerical banks life insurance companies and pension funds are being looked to for the

necessary debt financing In addition to the completion guarantees and the take or pay contracts

previously discussed interest rates higher than those available on smaller projects of similar risk will

likely be required in order to attract the large amounts of debt financing required

Equity investors in the project including project sponsors and potentially the gas producers

will incur greater risks and will have to wait longer before receiving any returns on investment In

preliminary filings before the FPC 5-percent after-tax rate of return has been suggested for equity

investment Should this amount be inadequate to attract the level of equity investment required it

may be necessary to allow somewhat larger amount of the expected returns on the project as whole

to the investors who make the project possible particularly attractive rate of return on equity could

conceivably attract substantial equity investment from the general public

The United States as Nation

There are benefits from the project which go to the Nation as whole The primary benefit

is the reduction of the U.S dependence on imported energy direct measure of these benefits is

the reduction in the size and cost of petroleum stockpiles which access to Alaska gas would permit

The present value of such savings has been calculated to be between $1 .3 and $1 .4 billion on the

assumption that the optimal level of stockpile is equal to 1-years demand In addition to the

extent that this project reduces the market for OPEC oil and thereby weakens the ability of the

cartel to set world oil prices some additional benefits would go to all oil consumers around the

worldincluding the United States Of course any energy project which expands domestic energy

supplies produces these types of benefits

Canada

Just as there are benefits to the United States as Nation from the project there would be

substantial benefits to Canada if the Alaska-Canadian system were selected
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Non-Financial Government Assistance

The previous discussion has made it clear that timely action by the U.S government or

Federal and State regulatory commissions will be required before the type of private project

financing contemplated by the current financing plans of the sponsors can be arranged The needed

actions seem to include

Selection of specific gas transportation system

Grant of all necessary governmental authorizations including timely resolution of all

environmental and legal question regarding the project

In the case of the Alaska-Canada System negotiation of satisfactory treaty and

protocol with Canada and

Approval of all events full cost of service tariffs which permits shippers to pass on the

full costs of the project to the ultimate consumer coupled with strong assurances

that it will be maintained in effect and enforced over the life of the project

Other important actions which would materially assist in financing the project include

Approval of consumer surcharge mechanism which would provide funds to help

finance the project for example inclusion of work in progress in the rate base

Approval of mechanism by which the principal and interest payments on some part if

not all of the debt funds used during construction could be passed on to gas

consumers even in the extremely unlikely event of noncompletion of the project and

Decontrolling natural gas prices or setting the welihead price for Alaskan gas at level

high enough to attract the financial participation of the owners of the gas

Because decisions by independent Federal and State regulatory agencies are involved the

Executive Branch cannot ensure that any of the above actions will actually take place Congress

could conceivably do so through legislation although there are certain to be difficult political or

even constitutional problems in obtaining the needed congressional action

Government Financial Assistance

Whether totally private financing is achievable will remain matter of speculation until

one of the projects is selected and its sponsors are able to further detennine the capabilities and

intentions of the potential financial participants and the regulatory conditions under which the

project would be constructed and operated While it is thus premature to reach definitive

assessment on whether some government support may be necessary the project sponsors may

ultimately seek U.S Government assistance if private financing cannot be arranged

In considering any such request there are number of very difficult issues which must be

addressed by both the executive branch and the Congress These issues include

Government financial support should be provided only if it is clear that the project

cannot be financed privately How will the determination that private financing is

not possible to be made
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How can the amount of Federal financial assistance be minimized

To what extent should the general taxpayers bear any of the projects credit risks as

distinguished from risks assumed by project investors and gas consumers

What conditions should be attached to Federal financial assistance

If the Federal Government is to provide financial assistance how active role should it

take in trying to influence the structure of the project

How much Federal financial assistance can be justified

If it is decided to provide financial assistance in what form should it be provided
Would Federal assistance allow construction to begin at an earlier date than if the

project sponsors had to attempt to arrange completely private financing after

selection of one of the alternatives

What are the impacts of Government financial assistance on the capital markets and on

Treasury debt management policies

If the Federal Government were to provide some type of financial support for the project

In example through loan guarantees the result would be to divert private capital from other uses

Any type of Federal financial assistance resulting in the undertaking of energy projects which would
not otherwise have been undertaken will lead to some redirection of resources in our capital

markets Such incentives would increase the demand for capital while having little or no effect on
the overall supply of capital They tend to cause interest rates to rise and increase the Governments

borrowing costs by reducing the differential between interest rates on Federally guaranteed debt

and those on private debt In addition Federal loan guarantees or other types of similar assistance

result in new issues of bonds notes or other Government backed obligations in the capital markets

which impinge on other Federal Agency financings and can have significant market impacts In

short there will be significant effects on the capital markets associated with any Federal financial

assistance to the project

These effects will have to be carefully weighed and balanced with our overall energy goals

The Executive Branch and Congress may ultimately determine that the Nations overall energy

objectives justify some distortion of private market capital flows in order to insure that an Alaskan

gas transportation system is built However if decision is made to proceed with Federal assistance

some of the negative effects could be minimized by giving the Secretary of the Treasury the

authority to approve the timing and substantial terms and conditions of each Government backed

security issue Such approval would ensure effective coordination with the management of the

federal debt and will help minimize the capital market impacts

Current Assessment of Need for Federal Financial Assistance

Adequate funds are available in the capital markets of the world which can probably be

tapped provided the project is established as viable and creditworthy Given favorable regulatory

decisions particularly an all events full cost of service tariff and participation by those parties

benefiting most directly the viability and creditworthiness of the project could probably be

established without Federal financial assistance

Note on Recent Developments

After completion of this section of the study it was reported that natural Gas Pipeline

Company of America subsidiary of Peoples Gas Company has given up its options to negotiate
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for the purchase of Alaskan gas due to an FPC ruling which refused to allow the company to pass

on to consumers required advance payments to the owners of the gas Also on November 19 1975
the New York State Public Service Commission rejected the Hearing Examiners decision referred to

above stating that the surcharge method of financing was extrordinary and to be used only when
unavoidable as supplement to and not as replacement for more conventional Financing

Sum mary

Current estimates of the total capital requirements of an Alaskan natural gas transportation

system including allowances for inflation cost increases interest during construction and 20

percent contingency range from $9 to 11 billion for the Alaska-LNG System and $10 to 12 billion

for the Alaska-Canada System Either alternative would be the largest single project financing

undertaken to date

The sponsors of the alternative projects the Arctic Gas Study Group and El Paso Alaska

plan to finance them largely through project financing that is the creation of project entity

which issues securities that are structured in such way that the debt service and equity returns will

be provided by the revenues generated from the project About 75 percent of the capital is

scheduled to be debt and the remaining 25 percent will be equity Equity funds for either project

would be sought from U.S gas transmission and distribution companies U.S gas producers and

other U.S investors through private placements and possibly public offerings If the Arctic Gas

System is chosen equity funds will also be obtained from Canadian gas transmission and

distribution companies Canadian gas producers and other Canadian investors

Debt investments would be sought from major institutional investors in the United States

including life insurance companies pension funds savings banks commercial banks for both

short-term bridging loans and longer maturity term loans and possibly the general public The

sponsors of the Arctic Gas System would also seek debt finance from similar sources in Canada
from Eurocurrency markets and from the export lending agencies of foreign governments El Paso

has indicated that Title XI federal ship financing while not essential may be sought

The relevant capital markets should have the capacity to provide the needed funds to

finance privately either system provided the project is established as creditworthy and the returns

offered on the investments are competitive with the returns on the alternative investments relevant

for each sector of the capital markets that will be tapped

prerequisite to financing either project privately is to establish that payment of debt

service could be expected regardless of what other events occur In evaluating an Alaskan natural gas

transportation system there are two major financial risks that potential investors will consider

the risk of noncompletion of the project and the risk that once completed revenues will be

insufficient to cover all project costs including debt service

With respect to the first risk lenders will seek assurances that there are adequate funds

to finance completion and protection in the event of noncompletion If the present sponsoring

companies are unable to satisfy lenders as to their ability to finance cost overruns additional

sources of overrun financing must be found For example additional equity participants might be

sought the lenders might assume some overrun financing gas consumers might be involved through

surcharge mechanism or some clearly creditworthy party miSht enter into an agreement to

provide overrun finance
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To protect against the risk that the project might not be completed even though funds were

available debt investors will insist that some creditworthy party for example the group of equity

participants stand behind the project consumer surcharge mechanism is another possible way of

providing similar protection However there is some uncertainty as to whether regulatory agencies

would approve the use of consumer surcharge in such case

With respect to the risk of insufficient project revenues the needed assurances for debt

repayment may be provided by clearly creditworthy party or parties standing behind the

project Such assurance is often provided by the project sponsors However given the size of the

present project the aggregate credit of the current project sponsors may not be sufficient

Increasing the number of sponsors would probably increase the sponsoring groups credit but might

not completely satisfy lenders

Alternatively lenders might be satisfied with firm all events full cost of service contract

which would require gas shippers to pay the full cost of operating the transportation system

including debt service even if gas were not flowing There is however some uncertainty as to

whether the Federal Power Commission would approve such contract for the present project

Even if it did some lenders might question whether local rate commissions can be counted on in

the case of an interruption of gas deliveries to pass through costs to the ultimate consumers The
risks that local rate commissions would prevent the pass through of costs might be reduced if the

amount of Alaskan gas going to any one State were held to some low percentage of the total flow
Given possible uncertainty about future actions of local rate commissions combination of

approaches may prove necessary such as an all events full cost of service tariff combined with

creditworthy party for example large consortium of creditworthy companies standing behind

the project

If the present group of project sponsors or potential lenders are unable or unwilling to

completely fund the project additional sources of finance or financial backing would need to be

arranged The most likely sources of such support are the following major beneficiaries of an

Alaskan natural gas transportation system

An important group of potential project sponsors are the companies owning the Alaskan

gas reserves who will benefit significantly if system is built to transport their gas to the

markets in the lower 48 States These companies clearly are creditworthy and they could

either invest directly in the project and/or agree to stand behind the project in the case of

cost overruns or other unforeseen events Deregulation of the price of this gas or the

establishment of wellhead gas price significantly above marginal production costs would
increase the likelihood of gas producer participation

The consumers of Alaskan natural gas will benefit significantly from the availability of

this source of gas in period during which gas shortages are expected across the Nation
Consumers could be involved in financing and bearing the risks of the project by adoption

of an all events full cost of service tariff which passed costs and risk onto them or ii
surcharge on current gas pruchases to help provide funds for construction

Some of the pipeline and gas utility companies not presently holding options on
Alaskan gas might be willing to participate as project sponsors if they were able to obtain

gas and share in the benefits of the project

Another party benefiting from the project and therefore potential source of financial

assistance is the State of Alaska
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number of actions by the U.S Government or Federal and State regulatory agencies
would seem to be needed before private project financing can be arranged These actions include

selection of one of the projects grant of necessary governmental authorizations
negotiation of treaty and protocol with Canada if the Alaska-Canada System is chosen and
approval of an all events full costs of service tariff

Other important actions which would materially assist in bringing about private financing
include deregulation of the price of natural

gas or setting wellhead price for Alaskan
gas

significantly above marginal production costs and approval of the use of consumer surcharge
mechanisms

Whether or not private financing is possible can be determined only after one of the

projects is selected and its sponsors are able to further determine the capabilities and intentions of
the potential financial participants and the conditions under which the project would be operated
If the project sponsors ultimately seek Federal financial assistance number of very difficult issues

would be raised These include how one determines that private financing is not possible
how one minimizes the amount of Federal financial assistance how the projects credit risks
should be divided among the general taxpayers the project investors and gas consumers what
conditions should be attached to Federal assistance and how much assistance is justified and
what form it should take

If Federal assistance is granted it will have impacts on the capital markets by redirecting
resources in the markets and impinging on the management of the Federal debt These effects will

need to be carefully weighed and balanced with the Nations energy goals

Adequate funds are available in the capital markets of the world which can probably be

tapped successfully provided the project is established as viable and creditworthy Given favorable

regulatory decisions and participation by those parties benefiting most directly the viability and
creditworthiness of the project probably could be established without Federal financial assistance
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VI IMPLICATIONS

NATIONAL SECURITY

Introduction

The selection of delivery systems to bring natural gas from

Alaska to the mainland has implications for national security
However it should be noted that the Armed Forces would not

ordinarily be involved in the security of such systems except in

case of war or under exceptional circumstances in time of peace0

This analysis has not considered any implications other than

those of national security in particular the political aspects
of security are not considered

The problem of providing security for the two proposed
transmission systems was studied by the Joint Chiefs of Staff0

In regard to the provision for security of the transmission

systems the Department of Defense concludes that

The defense of the two routes during wai is estimated
to be about equal in risk and resource commitment
Each route has advantages but in balance neither is

materially superior

Either route is vulnerable to sabotage or disruption by

individuals and organized guerrilla attack during
peacetime or during periods of international tension
and disturbances The AlaskaCanada System is

vulnerable owing to its length and location while the

AlaskaLNG System has concentration of vital

liquefaction and gasification facilities0

The proposed AlaskaLNG System paralleling the oil

pipeline route minimizes defensive force requirements
during peacetime but concentrates potential targets in

time of ware

The AlaskaLNG route permits full U0S physical control

and does not require reliance on foreign government
for defense in war and security in peace

Analysis of Security Considerations

The following is an analysis of the specific points involved

in the transportation of oil or natural gas from the North Slope
of Alaska to the lower 48 States
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Comparative physical security considerations involved in the
supply of Alaskan oil or natural gas by the two systems described
in this study include the possibility that strategic nuclear
war would destroy both systems and thus location considerations
are minimal The military defense of both systems would be
required against conventional forces and weapons and in war
time Canada would be either an active ally or sympathetic to theUS cause

Both of the proposed routes are vulnerable to sabotage The
pipeline segments are the most vulnerable owing to isolation and
the problems of patrolling during winter darkness or inclement
weather conditions The gas liquefaction and regasification
facilities are also vulnerable The LNG tankers are relatively
secure from sabotage Both of the proposed routes could be
interdicted by hostile forces If the threat originates within
the USSR the LNG tanker route would be the most vulnerable

Alaskan LNG Tanker Route

The main advantage of the Alaska-LNG System is that the
entire system is under US control The shorter overland
pipeline route is easier to defend against sabotage and the
forces deployed in wartime to defend the oil pipeline and tankers
could also defend the natural gas pipeline and LNG tankers
These forces would be required in any case to maintain wartime
logistics to sustain Alaska Much of the Canadian route is
undefended by inplace air defense and ground forces

The disadvantages of the AlaskaLNG route are that the
pipeline and LNG tankers would be more susceptible to Soviet air
attack because of the proximity to the USSR and that the LNG port
facility would be vulnerable to both air and sea attacks The
liquefaction transfer and gasification facilities are highly
vulnerable to sabotage or interdiction single attack could
successfully interdict both the oil and gas transportation
systems owing to their close proximity

Alaska- Canada System

The advantages of the AlaskaCanada route are that the
pipeline is less vulnerable to direct Soviet air attack owing to
the distances from the USSR and that the pipeline is not
vulnerable to interdiction at sea The single mode of gas
transportation eliminates vulnerable liquefaction tanker
transportation and regasification facilities The separate oil
and gas routes increase enemy force requirements The security
disadvantage of the Canadian route is that it has the longer
pipeline segment and thus greater exposure to sabotage Most
significant is the loss of sole US control for defense of the
Canadian portion of the pipeline
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Other Security Considerations

Other security considerations involve the full U.S0 physical
control of oil and gas transportation systems versus shared
control with Canada in the AlaskaCanada System The shared
control concept would depend upon pipeline agreements between the
Governments of Canada and the United States U.S influence in
providing physical security would depend upon the nature of such
agreements

These agreements would include the establishment of defense
priorities assignment of forces and missions and the
integration of command and control Where national security
priorities are divergent the maintenance of security along the
AlaskaCanada pipeline could prove more difficult While there
are established CanadianU.S defense arrangements Canada may
not permit U.S forces to be permanently stationed within its
territory except under the most serious wartime conditions On
the other hand existing bilateral defense arrangements might be
strengthened by sharing control of the pipeline with Canada

Summary

In summary an analysis of military factors alone would not
indicate an overriding preference for one route over the other
However where foreign country is involved it would appearthat the nonwar security risks may be greater
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VI IMPLICATIONS

UNITED STATES-CANADA FOREIGN POLiCY

Introduction

Until late 1973 as matter of deliberate Governmentpolicy Canada was divided into two separate regions in whichdistinctively different energy Policies were pursued Westernand Central Canada which include the major oil and gas producingprovinces of Alberta British Columbia and Saskatchewan as wellas the largest energy consuming province Ontario composed oneregion west of the Ottawa Valley line This region isselfsufficient in both oil and natural gas as it producessufficient amounts to supply its own requirement5 It has alsobeen substantial exporter of both oil and gas to the UnitedStates These exports reached high point in 1973 13 millionBOPD and about 28 BCF per day of natural gas were exported tothe United States

Eastern Canada comprising Quebec and the Atlantic maritimeprovinces was the second energy area east of the Ottawa Valleyline This region produces no significa amounts of oil ornatural gas and because it has not had ready access to WesternCanadian oil it has historically relied on oil imports for thebulk of its energy supplies Most of these have come fromVenezuela but an increasingly large proportion is now importedfrom the Middle East

This policy has had considerable advantages for Canada itpermitted small net export of petroleum with imports intoEastern Canada running at lower level than exports from WesternCanada to the United States and enabled Canada to maintainsubstantial balance of payments surplus from exports of naturalgas to the United States Eastern Canadian consumers benefitedfrom the significant transportation savings resulting from theuse of relatively less expensive ocean transportation used toimport oil supplies More important until the oil embargo in1973 world oil prices were considerably lower than those ofdomestic Canadian producers thus Permitting substantially lowerprices in Eastern Canada Also by importing lowpriced foreigncrude and exporting Canadian oil at prices geared to meet higherlevels in the US domestic market Canada realized substantialnet foreign exchange earnings in fact until the early l97Osprimary objective of Canadian oil policy was to obtain greateraccess to U.S markets for its exports One significant effect
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of this Canadian policy on the United States was to encourage
increasing dependence by refineries in US Northern Tier States
on Canadian crude oil imports

large proportion of crude oil produced in Western Canada
is transported to refining centers in Ontario in pipelines which
transit the United States One line enters the United States in
Minnesota and splits into two branches One segment crosses
Wisconsin and Upper Michigan the other goes south to Chicago and
around Lake Michigan The rejoined lines then go on to Ontario
An extension of this line is now under construction to Montreal
When completed in 1976 an even larger proportion of Canadian oil
supplies will be transiting the United States In addition to
carrying oil to Canadian refiners these pipelines provide oil to

large number of US refineries along the route includingseveral in Minnesota Michigan and Wisconsin which do not
presently have access to alternative sources of supply Another
pipeline from Portland to Montreal carries imported oil to major
refining centers in Quebec Thus well over 50 percent of
Canadian oil supply moves to consumption centers in eastern
Canada in pipelines which transit the United States

The situation with respect to natural gas was somewhat
different Following period during which longterm exportcontracts were approved in order to encourage US investment in
expanded exploration for natural gas the National Energy Board
concluded that future supplies would not be sufficient to provide
longterm protection to meet growing Canadian domestic
requirements As result approval of longterm contracts for
natural gas exports was terminated in 1970

As in the case of oil significant share of Canadas gassupply moves through pipeline which crosses the United States
This line is part of the vital Canadian gas distribution systemowned by TransCanada Pipeline Company Ltd It also carries substantial volumes of Canadian gas exports to several midwesternStates

Two recent developments have led to basic change in
Canadian energy policy First there was the sudden sharp
change in the world oil market situation as result of the
1973-74 oil embargo and the subsequent concentration of
unilateral control over oil prices in the hands of the OPEC oil
producers This led to the massive increases in world oil prices
over the last two years Second as result of extensive and
detailed studies by Canadas National Energy Board there has
been substantial downward revision of estimates of Canadian oil
and gas reserves and producibility in the conventional energy
producing areas This combination of events has led Canada to
adjust its national energy policy To ensure increased security
for Canada the division of the country into separate regions for



the purpose of energy policy has been terminated The CanadianGovernment has decided to ensure through guarantees theconstruction of pipeline which will permit the movement of oilproduced in Western Canada to major refinery centers in EasternCanada Second Canada has decided to reserve its limiteddomestic energy resources to meet domestic demand in order toreduce and if possible eliminate reliance on foreign suppliesThis has resulted in decision to phase out crude oil exports tothe United States It is also likely to entail futurecurtailments in exports of natural gas Third in order toprotect Canadian industry and consumers from the effects of thesharp increase in world energy prices Canada instituted tax onoil exports designed to equate the price of Canadian oil exportsto US market levels At the same time the export price ofnatural gas has been increased sharply over the last two yearstoward equivalen with Canadian oil prices However domesticprices for oil and gas have been maintained at levelssubstantially below the world market Fourth Canada hasindicated its intention to pursue active exploration anddevelopment for new oil and gas reserves in frontier areas
The substantial dependence of certain regions of the UnitedStates on oil and gas supplies imported from Canada means thatthe sudden changes in Canadian energy policy will havesignific impact on dependent areas At the same time thefact that substantial share of Canadas oil and gas supply movethrough pipelines which transit the United States means that ourenergy economies are highly interdependent As result bothgovernmen have strong incentive to pursue policies Which takeinto account the interests of the other

Canadian Oil Export Policy

The new Canadian policy of maximizing domestic use ofindigenous energy resources entails phase out of petroleumexports to the United States This policy which was announcedin October 1974 calls for reduction in exports of crude oil tothe United States over the next several years Completeelimination of exports originally scheduled for 1983 may beaccelerated if the current NEB oil study results in morepessimistic forecasts of future oil supply At present crudeoil exports to the United States are limited by the NationalEnergy Board to 750000 BOPD further reduction to aboutSOO000BOPDi5 expected to be imposed on Janudry 1976
In the United States the impact of this policy will soon befelt by refineries in northern tier States MinnesotaWisconsin Michigan North Dakota and Montana which arelargely dependent on Canadian oil imports Most of theserefineries do not currently have alternative sources of crude oil
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or available transportation systems to move crude supplies to
them Within the next few years exports are expected to drop
below 250000 BOPD This level is estimated as the minimum
requirement to Canadiandependent refineries in northern tier
States Reduction of exports to this level could lead to serious
disruption of petroleum supply to this region There may not be
sufficient time for these refineries to make alternative supply
arrangements

The phaseout will also have substantial impact on other
areas which have traditionally been importers of Canadian crude
oil the Pacific Northwest the Chicago area and Western New
York and Pennsylvania However refineries in these three areas
do have alternative supply arrangements available in this time
frame and should be able to adjust to the change in Canadian
policy although at significant cost both economic and
environmental

To search for means to mitigate the serious impact of export
curtailments on dependent U.S refineries and to examine the

possibility of longterm exchange arrangements which would
eliminate the need for construction of uneconomic new pipelines

joint U.S.-Canadian Working Group was set up in March 1975 As
result of the recommendations of this Working Group the US

and Canadian Governments agreed to facilitate commercial oil

exchanges between U.S and Canadian refineries which would permit
continuing flow of oil from Canada Preliminary negotiations

between affected refineries have been under way since
announcement by the two Governments of their willingness to
facilitate such exchanges in June 1975 limited trial

exchange arrangement is in the process of being finalized between
U.S and Canadian refineries It is expected that successful
test will lead to larger exchange agreements in the future

The Canadian Government is publicly committed to policy of

gradual increases in Canadian oil prices by 1980 to level that
will ensure adequate production from domestic resources
However it is probable that this level will be kept somewhat
lower than world price levels if possible

Currently Canadian domestic oil prices at Canadian
dollars per barrel are well below world market levels In
order to help maintain this artificially low price the Canadian
Government instituted an export tax on oil shipments to the
United States in 1973 The current tax is 450 Canadian dollars
per barrel on high-quality crudes which make up the bulk of
Canadas exports to the United States The proceeds of this tax
are used to subsidize Eastern Canadian refiners using foreign
crude supplies purchased at world market prices This mechanism
is designed to achieve the stated national policy objective of
equalizing petroleum product prices across Canada
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Current Canadian Energy Policy for Gas Exports

Recent developments including detailed analysis by theNational Energy Board of Canadas natural gas reserves andgrowing domestic demand have also led to reassessment ofCanadian policy with regard to natural gas exports to the UnitedStates While export curtailment decisions on gas have not yetbeen made it is likely that the Canadian Government contemplatesinstituting curtailments beginning with the 197677 heatingseason despite the existence of longterm contracts HoweverCanada has announced that barring an exceptionally severe winterthere will be no cutbacks of gas exports during the 197576
heating season other than those instituted in the Province ofBritish Columbia during the winter of 1973-74 because of
production problems in gas fields there

In addition to the conservation effect of gradually risingprices Canada has indicated it intends to pursue an activepolicy to prevent inefficient use of gas for example for boilerfuel As first step in this process legislation is beingsought to provide the National Energy Board with authority toallocate natural gas domestically This constraint on continuingrapid growth in gas demand should reduce the size of curtailmentsin exports to the United States

The Canadian Government has also assured the United Statesthe export curtailments would be determined after closeconsultations between the two Governments

Reduced gas exports like oil export cutbacks will have the
greatest impact in regions dependent on Canadian gas importsThis includes the Pacific Northwest and California and Midwestand parts of Vermont

As in the case of oil Canada maintains twoprice policyfor natural gas Export gas prices were increased to 160Canadian dollars on November Domestic gas as the result ofrecent agreement between the Canadian Government and the Provinceof Alberta is priced at 125 Canadian dollars in the Torontomarket with transportation adjustments for other areas TheCanadian Governments stated policy is to see domestic natural
gas prices raised to equivalency with domestic oil prices Thiswill create disincentives to further growth in demand and will
discourage gas use where other fuels are available

Constraints

There are important constraints on the policy of maximizingenergy selfreliance which Canada has recently chosen to followThe first and most important of these is that proved oil and gas
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reserves in conventional producing areas that is in areas
which will not require major new capital expenditures before
reserves can be tapped are quite limited Even with policy
of export curtailments future Canadian production of oil and gas
will fail well below Canadian consumption levels unless
significant new reserves in frontier areas are located and
transport systems built to bring these resources to markets in
southern Canada Canada has already become net oil importer in
1975 As demand continues to increase with production level oil
imports will continue to rise sharply through the l98Os Given
this fact and the huge investment in exploration and development
and transportation infrastructure required to bring in new
production in Arctic areas longer term Canadian energy policy
seems likely to allow for continuing cooperation with the United
States in energy matters even as each country pursues national
policy designed to achieve increased selfsufficiency

Ganadian Decision Making Framework on Energy Matters

Canadas system of government created by the British North
America Act of 1867 generally follows the British model in
federal setting The British Parliament is sovereign and

supreme possessing the totality of governmental powers and
unlimited legislative competence In the Canadian context
however powers are divided between the national legislative body
and the legislatures of the several Provinces with the latter
enjoying important constitutional powers to regulate internal
Provincial matters In areas which relate to pipelines
transiting Canada the British North America Act gives the
Federal Parliament exclusive authority to regulate
interprovincial and international trade and commerce Although
the Provinces have exclusive control over intraprovincial trade
and commerce and ownership and control over all mineral resources
located within Provincial boundaries authority over transit
pipelines carrying resources derived from outside Province or
outside Canada is quite limited

National Energy Board

The National Energy Board Act of Canada was passed by the
Federal Parliament in 1959 establishing the National Energy Board
NEB The NEB controls pipeline construction and operation in
Canada and licenses exports of hydrocarbons The NEB acts as
court of record in approving pipeline construction applications
taking testimony from applicants prior to making finding and
issuing certificate of necessity and public convenience
essential in determining that pipeline is in the national
interest

The NEB holds public hearings in which an applicant for
certification of pipeline initially submits proposal and
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supporting documentation After favorable evaluation by theNEB and approval by the GovernorinCouncil the Cabinet leaveto begin construction is given It should be noted that theNEB Act gives the Board authority to deny pipeline applicationsWithout the approval of the cabinet if it determines thatconstruction of such pipeline is not in the national interestThus approval of the NEBs recommendation by the cabinet is onlyrequired where favorable decision on construction of Pipelineis made In general the steps followed by pipeline applicantare as follows

application is made

hearing date is set and notice to interested partiesis published

public hearing is held

report is prepared by the NEB and submitted to theCabinet GovernorinCouncil if favorable

if certificate of public necessity and convenience is
issued the NEB grants leave to begin constructionwhich permits financing land expropriation and soforth

construction of the line and testing

request to NEB for leave to open

NEB evaluates the pipeline and submits recommendation
to the full Board on whether the pipeline meets NEB
standards

the NEB accepts or rejects the request for leave toopen based on safety considerations

Guidelines for Northern Pipelines

The discovery of oil and natural gas in Alaska and
subsequently in the Canadian Arctic led to consideration ofconstruction of pipelines from Alaska across Canada to move thesenew resources to southern markets The Government of Canadarecognized that the environment and society of the natve peoplesof Northern Canada could be threatened by the impacts associatedwith such pipelines The first Guidelines for NorthernPipelines were issued by Canada in August 1970 and stipulatedthat applications for pipelines to he constructed above 60degrees north latitude would follow special procedures Theseguidelines provided that
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the Ministers of Energy Mines and Resources and Indian
Affairs and Northern Development would be the principal
points of contact for industry

only one trunk oil pipeline and one trunk natural gas

pipeline would be permitted within corridor to be

established after consulting with industry and other
interested groups

northern pipeline would be either common or
contract carrier for all oil or natural gas tendered

any pipelines in the north were within the jurisdiction
of the Parliament of Canada and would be regulated by
the National Energy Board Act

consideration in approving applications for pipeline
rightsofway would be the opportunities offered to

Canadians to participate in substantial ways in all

phases of the project

the NEB would ensure that an applicant documents the

effects on the environment and native society of

pipeline according to standards issued by the

GovernorGeneral in Council on the advice of the

Minister of Indian Affairs and Northern Development
and

any applicant must have programs for training and

employing northern residents during and after

construction of pipeline

Expanded Guidelines for Northern Pipelines were tabled in

Parliament on June 28 1972 by the Minister for Indian Affairs
and Northern Development elaborating on the pipeline corridor
environmental concerns and social guidelines outlined earlier

The corridor concept is an attempt to minimize the adverse
impact of large pipeline on the fragile Arctic environment
The Government of Canada has established corridor in the

northern part of the Yukon Territory and in the Northwest
Territory along the Mackenzie River Valley from the Arctic Coast
to the Alberta border Applications for construction of

pipelines by the Arctic Gas consortium and by the Foothills

pipeline company through this corridor have been accepted by the

NEB

Current environmental concerns and suggested topics for

pipeline applicants were outlined in the 1972 paper They

included among others

safety and integrity of the pipeline
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impact on terrain and vegetation

river and lake crossings

effects on wildlife and archeological sites

contingency plans

environmental briefings for pipeline personnel and

monitoring operation of the pipeline

Berger Commission

further reflection of the Canadian Governments concernwith the impact of construction of northern pipelines on theenvironment of the Northwest Territories and native residents
specifically the proposed Canadian Arctic Gas pipeline and theallCanadian Maple Leaf Project was the establishment of
special commission headed by British Columbia Supreme CourtJustice Thomas Berger to investigate the environmental socialand economic impact of the proposed projects and to report his
conclusions and recommendations to the Minister for Indian
Affairs and Northern Development Justice Bergers investigation
began in May 1975 and is expected to conclude in mid1976
Although outside the commissions terms of reference Berger hasheard evidence from native leaders and other interested partieson the settlement of native claims to land in the Northwest andYukon Territories Justice Bergers report is expected to besubmitted by the Minister of Indian Affairs and Northern
Development to the Parliament for its consideration

Status of NEB Consideration

Technical consideration of the two pipeline applications for
transporting natural gas from Arctic areas is currently underwayPublic hearings by the NEB on these two projects began on October27 1975 description of the Arctic Gas project is providedelsewhere in this report The Foothills or Maple Leaf projectcalls for construction of pipeline from the Mackenzie Delta toSouthern Canada This pipeline would only carry Canadian natural
gas from reserves in the Mackenzie DeltaBeaufort Sea areas The
provisions of the NEB Act and the Northern Pipeline Guidelines
outlined earlier will be applied to both of these applications
It is expected that these procedures will be completed bymid1976 and that the final conclusions and recommendations will
be sent to the Cabinet in October 1976

The final decision by the Governor in Council theCanadian Cabinet based on the recommendations of the NEB the
Department of Indian Affairs and Northern Development and the
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Department of Energy Mines and Resources can probably be

expected by late 1976 Senior officials of Canadas Department
of Energy Mines and Resources have expressed some skepticism
that Mackenzie Delta gas reserves discovered thus far are up to
threshold volumes for construction of pipeline to carry only
Canadian gas Prospects for financing such pipeline are thus
uncertain Substantial economies of scale could result from

cooperative project which would transport North Alaskan and
Canadian gas reserves

In the absence of exceptional and compelling considerations
the Government of Canada will await completion of the full NEB

procedure and the recommendations of the Berger Commission and
Minister of Indian Affairs and Northern Development before making

decision on the applications for northern pipeline It is

possible that this final decision on transCanada route for
Alaskan natural gas can be made by the fourth quarter of 1976

Transit Pipeline Treaty Background

The discovery of substantial oil and gas resources in the
Alaskan Prudhoe Bay area in the late l960s prompted the United
States Government to open discussions with the Canadian
Government regarding the possibility of constructing oil and gas
pipelines from Alaska through Canada to the United States

In late 1970 suggestions concerning the construction of

pipelines to carry Alaskan oil and gas through Canada including
the formation of bilateral consortium of companies for this

purpose were made to the Canadians The United States also

proposed negotiation of an agreement with Canada to govern the

operations of such pipelines

Canadian officials maintained that there was no need for an
intergovernmental agreement and that the Guidelines for Northern
Pipelines provided sufficient guidance to commerical firms

desiring to build such pipelines

Canadas lack of interest in bilateral accord to govern
the operations of pipelines transiting Canada and the uncertainty
about the timing and outcome of Canadian consideration of an

application to construct an oil pipeline across Canada were
significant factors in the U.S decision in 1973 to move forward
with approval of the Alyeska pipeline At the same time it is

clear that pipelines across Canada could provide viable
alternative route for transporting natural gas supplies to
southern markets The TransAlaska Pipeline Authorization Act of
1973 authorized and requested the President to enter into

negotiations with the Government of Canada to determine
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the willingness of the Government of Canada to permit
the construction of pipelines or other transportation
systems across Canadian territory for the transport of
natural gas and oil from Alaskas North Slope to markets in
the United States

the need for intergovernmental understandings
agreements or treaties to protect the interests of the
Government of Canada and the United States and any party or
parties involved with the construction operation and
maintenance of pipelines or other transportation systems for
the transport of such natural gas or oil

Cc the terms and conditions under which pipelines nr other
transportation systems could be constructed across Canadian
territory

Cd the quantity of such oil and natural gas from the
North Slope of Alaska for which the Government of Canada
would guarantee transit

As indicated above the oil embargo in 1973 and the evident
deterioration of Canadas oil and gas reserve position led the
Canadian Government to reassess its longstanding energy export
policy and resulted in decision to curtail its exports of crude
oil to the United States Canada also recognized the necessity
to develop the substantial new reserves of oil and gas believed
to exist in northern Arctic areas In statement to the
Canadian Parliament on December 1973 Prime Minister Trudeau
said

Canadian natural gas is already supplyingsubstantial portion of our energy needs and some of those of
the USA Enormous quantities of gas are available to be
transported from the far north major development is the
proposed gas pipeline up the Mackenzie Valley to move
Alaskan gas to USA markets and at the same time to make
it possible to move Canadian northern gas to Canadian
markets While this project must of course be submitted
to the usual regulatory proceedings and can not go ahead
until it has been approved by responsible Canadian
authorities the government believes that it would be in the
public interest to facilitate early construction by anymeans which do not require the lowering of environmental
standards or the neglect of Indian rights and interests

At this point might just say that can see noreason why Canada could not give suitable undertakings as to
the movement without any discriminatory impediment of
Alaskan gas through pipeline across Canada to United
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States markets provided all public interest and regulatory
conditions are met in the building and operation of the

pipeline An undertaking of this sort would of course be

reciprocal with the same assurance being given to Canada
regarding our oil and gas shipments through the United
States

In the spring of 1974 the United States proposed the

opening of negotiations on pipeline agreement Because of the
Canadian elections in the middle of the year the negotiations
were not initiated until November 1974

Treaty Provisions

In the initial meeting in Ottawa it was apparent that
neither the Canadian nor the U.S Government was prepared at that
time to take position on alternative proposals for natural
gas pipeline from the Arctic It was agreed that general
reciprocal agreement covering all existing and future pipelines
transiting Canada and the United States designed to provide
framework of reciprocal assurances with respect to security of
throughput and nondiscriminatory treatment would be the subject
of discussions

The negotiations have reached basic agreement that the

treaty should contain the following elements

reciprocity or symmetrical application to both parties

guarantee of throughput by which public authorities in
both countries would be prohibited from interfering
with or impeding hydrocarbons moving in transit
pipelines

nondiscriminatory treatment which would ensure that
public authorities in both countries should be

prevented from discriminating against transit pipelines
with regard to taxes and other monetary charges

in bond treatment for hydrocarbons moving in transit
pipelines

provisions for equitable sharing of pipeline capacity
in the event of emergencies on predetermined basis
and

provisions for protocols on specific pipeline projects

Thus the basic purpose of the treaty would be to provide
governmenttogovernment assurances on unimpeded transmission and
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flOndiscriminatory treatment of oil and gas in transit pipelinesacross both countries it should be emphasized that the treatywould not apply to oil and gas exports from Canada to the UnitedStates

As indicated above Canadas Constitutional frameworkdiffers in certain respects from our own This difference inconstitutional structure and practice Principally with respectto the taxing authority of the Provinces poses potentialproblem regarding taxes which might be imposed on transitpipelines through Canada For this reason in the negotiatj5we have limited ourselves to general treaty which would providethe full guarantees available to the Federal Governments of thetwo countries As practical matter the treaty will not limitthe taxing authority of our State government5 where Canada cannotlimit the authority of its Provinces This difference inconstitutional practice is not expected to be problem

It appears that the impact of State and Provincial taxes onan Arctic pipeline and other issues relating to Specificpipeline can most effectively be addressed in the context ofprotocol negotiated after the approval of the treaty

The transit pipeline treaty under consideration does notprovide complete answer for specific pipeline project todeliver Alaskan gas However it does establish foundation ofreciprocal assurances regarding transit pipelines from whichmore specific agreement or protocol can be negotiated Obviouslythere is close linkage between this general pipeline treaty andthe type of agreement with Canada which would be required forpipeline project to move Alaskan natural gas across Canada to theUnited States The transit pipeline treaty is an important firststep and itself provides significant
guarantees Moreover it sets the stage and provides frameworkfor future discussions with Canada when both countries have movedcloser to decision on the most appropriate route fortransporting the substantial new energy resources in the Arcticto consumers

Potential Issues

It has been argued that pipeline transiting Canada wouldnot provide adequate assurance against interruption in supply byCanadian political authorities Proponents of the AlaskaLNGSystem have alleged that Canadian provincial authorities coulddivert gas in transit Pipeline in emergencies

While Canadas constitutional structure gives provincesauthority over natural resources this is strictly limited toresources located within the province This authority clearly
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does not extend to goods moving in interprovincial or

international trade where authority is clearly the preserve of

the Federal Government One of the basic objectives of the

treaty negotiations has been to obtain clear and binding

assurances against any interruption of throughput by Canadian

authorities As indicated above agreement has already been

achieved on provision in the draft transit pipeline treaty

which would ensure security of throughput0

Another cost could arise if it were possible for Canadian

authorities to discriminate against transit pipeline carrying
oil or gas from Alaska to the lower 48 States Such

discrimination could add substantially to the cost of an

A1askaCanada System particularly if it resulted in increased

taxation of this system0 One of the key provisions of the draft

transit pipeline treaty on which agreement has been reached in

negotiations would prohibit such discrimination

Yet third risk involves the possibility that provincial
and local taxing authorities could add to the cost of

transportation through discriminatory or arbitrary tax policies0
As indicated in the analysis of net national economic benefits
the total cost attributable to Canadian taxes on an AlaskaCanada

system is $464 million Of this amount 90 percent is accounted

for by Canadian federal corporate income taxes0 The draft treaty

provisions prohibiting discrimination would make it highly

improbable that this type of tax would be levied in

discriminatory fashion against pipeline transiting Canada

The remainder of the estimated Canadian tax cost 10 percent
or $464 million is made up of provincial and local direct taxes

primarily corporate income and real estate taxes Any effort

by provincial or local authorities to increase these taxes on

nondiscriminatory basis would result in similar tax burdens on

all other Canadian corporations and on all other property
holders0 It is highly unlikely that provincial taxing
authorities would raise taxes on all similar entities in an

effort to increase revenue from an AlaskaooCanada pipeline system
Under Canadian jurisprudence efforts to single out

interprovincial or international entities for discriminatory tax

treatment under guise of direct taxation for revenue purposes
must meet certain tests the tax must not be intended to

regulate interprovincial commerce which is reserved to the

federal authorities nor must it sterilize or have the effect
of preventing interprovincial commerce These limitations on

provincial taxing authority make it improbable that tax costs on

an AlaskaooCanada System would deviate significantly from the

estimates contained in the economic benefit analysis

The possible impact of an increase in this share of Canadian
taxes should also be considered Provincial taxes constitute
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only onehalf of one percent of the total net national conomicbenefits for the AlaskaCanada System Should they be doubledthese benefits would be reduced by $46 million

conc1usion3

At present one of the key economic issues being activelyaddressed by both the US and Canadian Governments is energypolicy However an understanding of the size and importance ofthe overall economic relationship between the two countries isvital to put its energy aspect in proper perspective

Canada and the United States have the broadest mostextensive bilateral economic and political relationship of anytwo countries in the world This assertion is demonstrated byciting few statistics In 1974 USCanadian bilateral tradeamounted to $43 billion figure which dwarfs any other tradingrelationship between two countries The current book value ofUS direct investment in Canada exceeds $28 billionapproximately 75 percent of total foreign direct investment inCanada Canadian direct investment in the United States valuedat more than $4 billion is higher on per capita basis
Canada has also been significant supplier of energy to theUS economy in the past although its share of US oil and gasconsumption will decline rapidly over the next ten years In1973 Canada supplied close to 30 percent of US oil importsBy August 1975 its share had dropped to about 15 percentCanadas oil exports to the United States will be further reducedin 1976 and are expected to be completely eliminated in the earlyl980

Canadian exports of natural gas to the United States havebeen approximately one trillion cubic feet year about 45percent of U5 consumption and almost onehalf of total Canadianproduction As the NEBs June 1975 study of natural gas supplyand demand made clear current and future Canadian requirementsfor natural gas are likely to be in excess of past estimatesSupply of natural gas from conventional producing areas inWestern Canada is not expected to increase appreciably over thenext ten years As result Canada hds made clear that theremay be some curtailments of natural gas exports

Two other important aspects of the USCanadian energyrelationship need to be kept in mind First while us imprtsof oil anci gas from Canada are small relative to totalconsumption for certain regions of the United Statesparticularly the northern tier States for oil and the West Coastand Midwest for gas Canadian exports make up largeproportion of total supplies In many instances alternativeenergy sources will only be available at considerable cost andafter substantial period of time to construct new supply lines
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Second the timely availability of incremental energy
supplies from frontier areas in Canada for example the Arctic
will have major impact on future Canadian decisions with

respect to continuing exports This is particularly true of

natural gas

It appears from available evidence that natural gas reserves
in the Mackenzie Delta of Canada may not have reached threshold
volumes Thus it would be difficult economically to justify the

construction of an all-Canadian pipeline to transport this gas to

markets in Southern Canada Access to these new natural gas

reserves is likely to be substantially delayed if joint

pipeline is not built Delay in getting Mackenzie Delta gas to

Southern Canada and perhaps more importantly the lack of

incentive for further exploration and development in the

Mackenzie Delta/Beaufort Sea area could mean that new Canadian

supplies will not keep pace with growing domestic requirements
The implication of such development for U.S energy supplies is

difficult to assess at this time However it is probable that

this could result in further pressure for more rapid phaseout
of natural gas exports to the United States The resulting
shortfall in TJS natural gas supply would have to be made up by

increased oil imports at world market prices This would further

increase the U.S oil deficit in our balance of payments and U.S
vulnerability to an oil embargo0

obviously both countries share the need to move rapidly to

decision on the best route for moving natural gas from Arctic

areas to southern markets It is also clear that the decision on

the route by which Alaskan gas will be transported will not in

itself have an overwhelming impact on the future of

tJSCanadian economic relations On the other hand it is

equally apparent that continued close cooperation in economic
matters between the United States and Canada is of great
importance to both countries It is therefore important that the

manner in which decision on the route for transporting Alaskan
natural gas to the lower 48 States is made provides an adequate
opportunity for full consideration in both countries of the

economic and other advantages and disadvantages of alternative

pipeline routes

Conclusion of negotiations on transit pipeline treaty
which is expected shortly will greatly facilitate this decision

process It will also provide sound basis for comparing the

costs and benefits of the two systems and should permit both

countries to move rapidly to decision on the competing
applications for pipeline systems If after analysis of the

provisions of the treaty it is deemed necessary that specific
protocol be negotiated covering an AlaskaCanada System
discussions with Canada would be sought promptly
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VI IMPLICATIONS

BALANCE OF PAYMENTS

Introduction

The United States has choice between two primary types oftransportation system for Alaskan gas The first is an entirelyAmerican owned and American built system The second is systemwith portion that is foreign built and owned In the case ofthe American owned and built AlaskaNG System Americanresources such as steel materials and labor will be used tobuild this rather than used to produce other goods and servicesthat Americans would like to consume In the case of thepartially foreign owned AlaskaCanada System Canadian equipmentmaterials and labor will be used to build major portion

Obviously the Canadians will not devote considerableproportion of their resources to build transportation systemfor U.S gas without compensation In the end this compensationwill be greater exports of U.S produced goods and services toCanada The flow of funds from the United States to the Canadiancompany owning that portion of the pipeline in Canada as paymentfor the shipment of American gas will eventually return to theUnited States either directly from Canada or indirectly throughsome third country to buy American goods and services forexport In simple terms U.S natural gas can be carried fromAlaska to lower 48 markets either by using American resources ofmen materials and equipment directly to build transportationsystem or indirectly through the use of American men materialsand equipment to produce more products for export

Though this increase in American exports should eventuallyoccur in the long run there will be substantial shortrun effectson the Balance of Payments between the United States and Canadaand conceiveably on the exchange rate between the Canadian andthe U.S dollar The goal of this section of the report is totrace out the financial flows between the two countries that willresult from the construction of the AlaskaCanada System If theeffect on the balance of payments or te exchange rate islarge shortrun distortions in the pattern of trade between thetwo countries and adverse economic impacts on the individuals andcorporations involved in trade in both of the countries mayresult

The dollar flows between the two countries that will begenerated by the construction financing and operation of theAlaskaCanada System can be divided into four categories Firstof all the Canadians will undoubtedly buy considerable
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quantity of materials equipment and the services of skilled

workers from the United States in order to build that portion of

the pipeline system within Canada since the Canadian economy is

probably not large enough to supply all that is necessarY for

constructi0 This will result in net flow of funds from

Canada to the United States Second the Canadian corporation

owning and operating the system within Canada will raise some of

its capital by selling securities to United States citizens and

financial institutions This will result in net flow of funds

from the United States to Canada Third when the system is in

operation American companies who are shipping gas through the

pipeline will pay rate or charge per unit of gas to the

Canadian company owning the system which will result in net

outflow of funds from the United States to Canada Fourth the

Canadian company will pay interest and dividends to the Americans

who have purchased securities in the company and will eventually

repay the debt and retire the securities which results in flow

of funds from Canada to the United States The net result of the

above four factors will be an outflow of funds over the lifetime

of the system from the United States to Canada direct effects

only If the Canadians are to receive payment for their

services in the form of real American goods and services then

the US dollars which left the country will eventually be

returned to the United States to buy American products for

export

Scope of Analysis

The ultimate direction and magnitude of the balance of

payments impacts of nstructing and operating system to

transport Alaska gas to lower 48 markets will depend on number

of factors which are difficult to forecast with high degree of

precision such as eventual native claims settlements Canadian

taxes the percent of construction costs which will be accounted

for by U0S goods and services the percent of financial capital

raised from US sources and the amount of Canadian gas which

will be sold in the United State5 Changes in these factors can

alter the effects on the balance of payments considerablY In

this analysis the assumptions used were identical with those

used in the Base Case configuration5

Further the analysis focuses on direct effects Secondary

effects such as purchases in the United States from funds

received in connection with constructing the pipeline but for

goods and services not related to the pipeline are of

considerable importance The combined Induced balance of

payments effects could in fact outweigh the initial direct

impacts These indirect effects are discussed but to estimate

them would require an intensive and sophisticated analysis whose

results would not be very precise in any cases
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Construction and Operating Costs

The total construction costs shown below were taken from the
figures developed for the Base Case AlaskaCanada System Amongthe major assumptions made for this case are that 25 BCFD wouldflow out of Prudhoe Bay through Canada to terminus In Chicagostarting In 1981 and would Increase to 35 BCFD In 1985 Fromthe Mackenzie Delta area 05 BCFD in 1981 and 09 BCFD in 1985would flow through the pipeline and be delivered to Canadianmarkets

Percentages of total costs accounted for by each cost
category and the percentage of each category purchased in theUnited States were developed during the course of the pipelineanalysis It was assumed that materials and equipment would bepurchased either in Canada or the United States with nothingimported from other countries On an overall basis the analysisindicates that approximately 47 percent of the construction cost
items would be purchased in the United States while 53 percentwould be purchased in Canada these estimates are based onCanadas probable capacity to supply men and material for theproject The actual percentages will depend greatly on Canadian
policy with regard to the use of imported equipment and materials
as well as to the use of U5 workers

Over 25year period total construction costs for theCanadian section of the AlaskaCanada System are expected toamount to about 52 billion 1975 US dollars They begin with
expenditures of about $121 million in 1976 build up to peak of
approximately $l4 billion in 1979 drop down to about $417million in 1981 and increase to $517 million in 1984 the finalconstruction year0 Operating costs begin at about $14 million
during 1981 year when only half the total flow is expected to
materialize increase to an annual amount of approximately $28million in 1982 and then to $55 million in 1985 Over theentire 25year period which includes l9 operating years total
operating costs are expected to add up to about 13 billion 1975US dollars

Over the 19762000 period combined construction and
operating costs are estimated to total 64 billion U5 dollars
Of this amount total purchases from U5 sources account for
approximately 24 billion US dollars while the remainder ofabout $40 billion of purchases is expected to be made in Canada
All of the operations and maintenance OM expenditures areassumed to occur In Canada

Current Account Items

Credit items in the current account result from purchases
made in the United States for materials equipment and labor tobuild and operate the pipeline segment in Canada and from
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interest and dividend payments made to U.S owners of securities

issued by the Canadian company owning the pipeline Over the

25year period from 1976 through 2000 total purchases in the

United States resulting from constructing the Canadian section of

the Alaska-Canada System are expected to amount to about 2.4

billion 1975 U.S dollars Over the same period cumulative

stock dividends are expected to total about $1.3 billion while

cumulative interest payments are estimated to be approximately

$2.7 billion In order to arrive at these figures it was

assumed that an average rate of return of 11 percent was paid to

American investors in the equity and debt of the Canadian company

owning the pipeline in Canada Also it was assumed that 50

percent of all bonds or other forms of debt would be absorbed by

U.S institutions or citizens and that 50 percent of common or

preferred stock would be bought by U.S organizations or

citizens Total credits estimated to be generated from 1976

through 2000 as result of purchases in the United States

dividends and interest amount to about 64 billion 1975 U.S

dollars

Debit items arise as result of payments by US shippers

of gas to the Canadian company owning the pipeline in Canada for

the transportation of Alaskan gas These begin with the

operation of the pipeline in 1981 and by the end of the year

2000 amount to approximately 224 billion 1975 US dollars

Over the first ten years of the project from 1976 through

the end of 1985 the current account as whole is projected to

generate net positive balance of an insignificant amount $19

million For the remaining fifteen years it accounts for an

estimated negative balance of about 16 billion 1975 dollars

Capital Account Items

Debit items in the capital account arise mainly as result

of two activities U.S citizens or institutions purchase

debentures issued by the Canadian corporation owning the pipeline

in Canada and U.S citizens or institutions buy common or

preferred stock issued by the Canadian company The assumption

is made here that 75 percent of the construction costs of the

pipeline will be financed through sale of debentures while 25

percent will be financed through issuance of equity instruments

In addition it is assumed that 50 percent of the financing is

provided by U.S citizens or organizations while Canada

provides 50 percent of the required funds This results in total

sale of debentures within the United States of 1.9 billion

dollars and total investment in equity by U.S organizations of

645 million dollars

On the basis of these assumptions debits begin in 1976

build up to peak in 1979 decline to zero in 1982 and 1983 and

experience sharp rise in 1984 the final construction year By
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the end of 1984 total capital account debits amount toapproximately 26 billion tJ.S dollars

Capital account credit items do not begin to generate untildebentures held by U.S citizens or organizations begin to matureand are repaid This is assumed to take place in 1985 The
total amount of debt owed to U.S citizens or organizations isprorated in such way that an equal amount is assumed to berepaid during each of the 15 years through 2000 Equityinvestment is assumed not to be retired by the end of the periodOver the entire period total credits therefore exactly equal theamount of total debt items accepted by U.S0 lendors 19 billionU.S dollars On balance total debits less total credits onthe capital account equal $645 million the total amount of
equity issued in the United States

Overall Direct Balance of Payments Effects

On an overall basis the projected net effects on the u.sbalance of payments of building and operating the Canadiansection of the Alaska-Canada System are with the exception ofone year 1980 negative throughout the entire Syear periodThe cumulative overall net balance of payments effects amount to
approximately minus 166 billion 1975 U.S dollars The balanceof payments impacts of the Alaska-Canada System can be placedinto better perspective by comparison with other statistics forthe two countries involved

From 1976 through 1985 the balance of payments analysispresented above indicates that total purchases of U.S0 goods andservices will amount on average to about 240 million U.Sdollars per year Assuming little change in future trade
patterns from recent trends this would represent considerablyless than percent of total U.S annual exports and between
and percent of U.S exports to Canada almost onefourth of allU.S exports are to Canada The purchases in the United States
required to build the Canadian section of the AlaskaCanada
System would account for minute percentage of total U.S GNP

During the same ten year period the net balance of paymentseffects are on average expected to be around minus 256 milliondollars each year This is due despite predominantly positivecurrent account balances to the large dollar outflows on the
capital account on average about 258 million dollars annuallyFrom 19701974 the average annual Basic Balance longterm
capital and current account between the United States and Canadaamounted to about minus 870 million dollars Construction of theAlaskaCanada System could therefore be expected over the first
ten years of construction and operation of the system to
significantly increase the deficit in the overall United Statesbalance of payments with Canada which has been occurring for the
past several years
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During the next 15 years of operation the entire

indebtedness of l9 billion US dollars is assumed to be repaid

Against this almost 16 billion dollars are expected to he paid

out in transportation charges In sum net average cash

outflow from the US to Canada of about $937 million per year is

projected to result over this periods

Indirect or Induced Effects

Usfng figures taken from the AlaskaCaflada Base Case

configuration and under the assumptions that were made for the

purpose of the balance of payments analysis total net negative

direct balance of payments effect of more than 16 billion dollars

was developed for the 25 year period from 1976 through the year

2OOO Even though the United States will provide substantial

amount of the equipment and the materials to build the pipeline

segment in Canada and will provide substantial amount of the

financial capital necessary to pay for the construction of the

system over the long run shippers of Alaskan gas through the

system will pay the Canadian company owning the system for the

transportation of the gas Canada will be providing service to

the United States by transporting Alaskan gas and the United

States will have to reimburse the Canadians for the costs they

have incurred In turn the Canadians will use the dollars made

in payment by American shippers to eventually buy American

products for export into Canada It is this eventual transfer of

American produced goods and services to the Canadians that is the

real payment made by the United States to Canada for transporting

this gasp This increase in American exports can come about for

two reasons

The first is that the building of the pipeline within Canada

will significantly stimulate the entire Canadian economy As

result of the increase in incomes that may result Canadians will

tend to buy more foreign produced goods including goods produced

in the United States about twothirds of all Canadian imports

originate in the United States In fact one study prepared by

the Arctic Gas Study group shows that the induced expansion of

the Canadian economy will be so large that the resulting increase

in exports of American products to Canada will completely wipe

out the total initial net balance of payments deficit0

Second the outflow of dollars described previously may

cause an appreciation or revaluation of the Canadian dollar

relative to the U.S dollar Recent changes in the international

financial system have produced exchange rates between countries

that are much more flexible than in previous decades If an

increased flow of American dollars into Canada occurs this will

increase the demand for Canadian dollars as individuals exchange

American for Canadian currency This in turn will tend to

drive up the price of the Canadian dollar Canadians will then
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find American products relatively cheaper and Americans will find
Canadian products more expensive As result fewer Canadian
products will be sold in the United States and more American
products will be sold in Canada0 This decline in American
imports from Canada and the increase in American exports should
substantially offset the negative balance of payments effects
described above In world of completely flexible exchange
rates the Canadian dollar would appreciate to exactly the level
required to offset the negative balance of payments effects
created by the construction of the AlaskaCanada System

The Canadian Government however may not view as desirable
an appreciation of the Canadian dollar in international financial
markets and may step in to halt the rise in the Canadian dollar
This would be done by the Canadian Government selling Canadian
currency and buying American dollars In effect the outflow of
American dollars would be accumulated by the Canadian Government
as an increase in Canadavs holdings of foreign exchange0 In the
long run however one would not expect the Canadian Government
to accumulate foreign exchange indefinitely and it may
eventually allow the Canadian dollar to appreciate or take some
other action to reduce the buildup of reserve holdings of
American dollars Though the accumulation of American dollars
postpones the day when this dollar will be used to buy American
products for export one must assume that eventually these
dollars will be used to buy American products0 In the meantime
these reserves will be earning interest to the extent that they
are placed in interestbearing U.S0 Government instruments

One possible way that the Canadian Government might
eliminate this buildup of American dollars as reserve holdings
would be to stimulate Canadian corporations to invest more in the
United States0 Again this would result in return flow from
Canada to the United States as Canadian companies make
investments in the United States The United States would then
be paying Canada for their transportation of Alaskan gas through
the Canadian pipeline segment by transferring to the Canadians
ownership of American financial and real assets within the
country

final possibility is that the Canadian banking system
might decide to invest its surplus dollars generated by the
construction of the AlaskaCanada System in the Eurodollar
market0 This relatively new factor in international financial
markets is estimated to contain more than 140 billion U.S
dollars Here organizations and individuals outside of the
United States might utilize the dollars accumulated by the
Canadians without necessarily spending the money in the United
States It seems unlikely7 however that the U.S dollars used
in this way would remain out of the country indefinitely The
effect of such an accumulation of overseas investment dollars
would be to delay the eventual balancing of accounts through
sales of goods and services by the United States to the ultimate
holders of the dollars
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VI IMPLICATIONS

REGIONAL SECTORAL AND MACROECONOMIC IMPACTS

Introduction

It is the objective of this section to describe what the

economic effects will be on the areas that each of the

transportation systems traverses the effects on the industries
that will be called upon to support the construction of any gas

delivery system and the general impact on the U.S economy
Because it is difficult to determine whether or not these impacts
constitute benefit or cost and to place dollar value on

each impact these impacts were not included in determining the

net national economic benefit NNEB of either system However
they are important and are described in detail here

This section is divided into three parts The first part
Corridor Impacts describes the economic impacts on the

communities and the States through which the gas will be piped or

processed Employment in construction of either the

AlaskaCanada System or the AlaskaLNG System will generate
temporary and permanent changes in population along the

respective routes Such changes in employment and population
will require additional expenditures by state and local govern
ments The tax bases of the impacted state and local governments
will also expand owing to augmented economic activity stimulated

by construction of either proposed system The areas described

are those affected by both considered systems in Alaska the

portion of the AlaskaCanada System within the lower 48 States
and the gasification and pipeline portion of the Alaska-LNG

System in California This part relies heavily on the

information developed by the Alaska Natural Gas Transportation

System draft EIS prepared by the Department of the Interior the

University of Alaska study titled Impact on the Alaska Economy
of Alternative Gas Pipelines and the applications submitted to

the Federal Power Commission by the Alaskan Arctic Gas Pipeline

Company the El Paso Alaska Company the Western LNG Terminal

Company and the Northern Border Pipeline Company

The second part Sectoral Impacts describes the effect on

the domestic industries that will be called upon to support the

construction of gas delivery system The industries considered

are construction steel and pipe construction equipment gas

compressors and cryogenic equipment and shipbuilding The

ability of each of these industries to meet the demands of either

gas delivery system is the focus of this discussion
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The third part Economywide Impacts discusses the impacts
on the overall performance of the economy that either the
proposed gas delivery systems would generate Potential impacts
on each of the following measures of economic activity are
discussed gross national product GNP unemployment the rate
of inflation and investment in producer and consumer durables
To assist in estimating these economywide or macroeconomic
effects the computer simulation models developed by Data
Resources mc were used

Corridor Analysis Alaska

Most of the estimates and analysis contained in this portion
of the Corridor Analysis were prepared and developed through the
use of computer simulation model developed by the Institute of
Social Economic and Government Research ISEGR of the
University of Alaska for their Man in the Arctic Program

The AlaskaCanada System would run about 195 miles in Alaska
from Prudhoe Bay east through the Nbrth Slope Borough and across
the AlaskaCanadian border where it would presumably join at
Travaillant Lake with pipeline from the Mackenzie Delta Region
carrying Canadian gas With orly 195 miles of the route falling
within Alaska construction of the AlaskaCanada System should
have minimal impact on the Alaska economy Any impact would fur
ther be reduced because the route is through remote and
sparsely settled region of Alaska Virtually all construction
personnel would be located in isolated camps along the Arctic
Coast Fairbanks could receive some impact because it would be
used as staging area for supplying the camps

In the Alaska-LNG System gas would be piped about 825 miles
from Prudhoe Bay to Gravina Point0 The pipeline would take
approximately the same route as the Alyeska oil pipeline At
Gravina Point the gas would be liquified and sent by cryogenic
tanker to California The AlaskaLNG System would have much
greater economic impact on Alaska then the AlaskaCanada System
Over four times as much pipeline would have to be constructed in
heavier populated areas liquefaction plant and marine terminal
would have to be constructed at Gravina Point the operation and
maintenance cadre would be considerably larger and higher
population increases would be generated In addition because of
the larger activity in Alaska the State budget will show larger
revenues and expenditures

One way of comparing the impact between the alternative
routes is to make some estimate of population and employment
changes that would occur as result of construction of either
alternative Population increases shown in Table 27 are
increases that would be directly and indirectly associated with
construction and operation of each alternative pipeline Since
as new jobs are created new workers tend to migrate into the
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State an increase in Alaskas permanent population will be

direct consequence of the extra employment generated by either

one of the routes During the construction of an AlaskaLNG

System the State population would increase by about 45 thousand

people while the AlaskaCanada System would oniy add about

thousand people to the population0 The increase in economic

activity associated with the proposed AlaskaLNG System would

raise the States 1990 population by an estimated 32 thousand

people and the Alaska- Canada route by an estimated 10 thousand

people note that the yearly figures are cumulative The

decline in population and employment indicated in 1981 for the

AlaskaCanada System reflects the end of construction and the

beginning of operation The subsequent growth in population and

employment shown in 1990 results from response to the increased
level of economic growth that will occur in Alaska For the same

reason population and employment will decline in 1981 for the

AlaskaLNG System However although the 1990 figures for the

Alaska-LNG System are lower than the 1981 figures they in fact

represent increases over the 1985 data which show employment at

122 thousand and population at 266 thousand

Table 27.Population changes in Alaska resulting from
building the Alaska-Canada and Alaska-LNG Systems

Alaska-Canada Alaska-LEG

Year Population Employment Population Employment
Increase Increase Increase Increase
caused by caused by caused by caused by
route route route route

thsds of thsds of thsds of fEsds
people people people people

1978 .5 .3 6.7 3.1

1979 2.7 1.2 26.9 12.2

1980 5.8 27 46.8 213
1981 4.8 2.2 442 201
1985 6.9 3.2 26.6 122
1990 10.2 4.6 32.2 14.7

Source Impact on the Alaska Economy of Alternative Gas Pipelines
ISEGR April 1975

Very little of the employment increase especially in the

years after the pipelines are constructed is directly related to

the pipeline0 Table 28 shows how the increased employment will
be distributed among four sectors of the economy if either of the

pipelines are built During the period from 1978 to 1980 under

either gas pipeline proposal the economic impact will be

concentrated in the construction and mining industries By 1980

the government and support sectors receive the biggest impact0

Once the pipeline goes into operation the revenues generated
would add to the employment and output of State and local

governments As the workers in the mining construction and
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government sectors spend their additional income the economic
multiplier process would produce an increase in the output of he
support sector industries in Alaska0 Under the AlaskaCanada
System these sectors account for essentially the entire long runeconomic impact since this proposal would generate negligibleamount of direct employment within Alaska few dozen workers at
most The total AlaskaCanada System impact on employment is
estimated at 46 thousand persons in 1990 The government sector
and trade and service industry each account for thousand
workers with the remainder going into the other support sectorindustries

Table 28.Distribution by year of increased employment in
Alaska from the construction of the AlaskaCanada and
Alaska-LNG Systems

Year Total Mining State local Trade and Other
thsds of pipeline Government Services thsds of
people Con- thsds of thsds of people

struction people people
thsds of

people

Alaska-Canada

1978 .3 .1
.21979 1.2 .6 .2 .3 .1

1980 2.7 .7 .9 .7 .4
1981 2.2 .8 .8 .6
1985 32 1.6 1.2 .4
1990 4.6 2.0 2.0 .6

Alaska-LNG

1978 3.1 1.5 .3 .8 .5
1979 122 6.1 1.0 3.3 1.8
1980 21.3 8.2 34 6.6 3.1
1981 20.1 49 48 7.3 3.1
1985 121 .6 38 6.1 16
1990 147 .6 4.5 75 2.1

Source Impact on Alaska Economy of Alternative Pipelines
ISEGR April 1975

Besides producing larger aggregate impact the AlaskaLNG
System would produce substantially different industrial distri
bution of impacts Since the AlaskaLNG System would generatemuch larger increases in personal income and in government
revenues the economic multiplier would play more important
role in the impact process0 The result would be larger
increase in trade and services and in other support industries

Another way of comparing the impacts of the alternative
routes is to examine the impact on State and local government
revenues and expenditures Table 29 makes such comparison
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The difference in State gas revenues is due to the different
amount of property taxes collected from the two systems

Table 29.Impact on state and local government revenues and

expenditures in Alaska by selected years for the Alaska-
Canada and Alaska-LZVG Systems

Total State

State State Total State Local

Gas Non-gas State Local Local Expend-
Revenues Revenues Revenues Revenues Revenues itures

Year millions millions millions millions millions millions

Alaska- Canada

1978 2.8 2.8 2.8 21
1979 6.1 .9 7.0 .8 7.8 4.7

1980 57.8 5.0 62.8 4.6 67.4 38.5

1981 62.4 12.4 74.8 10.1 84.9 53.7

1985 102.3 272 129.5 14.5 144.0 92.8

1990 $115.4 $64.8 $180.2 $36.3 $216.5 $158.8

Alaska- LNG

1978 16.9 .1 17.0 .2 17.2 13.0

1979 37.2 11.4 48.6 10.7 59.3 40.7

1980 104.5 50.2 154.7 47.2 201.9 149.6

1981 120.8 92.7 213.5 86.9 300.4 240.1

1985 164.3 81.8 246.1 60.2 306.3 224.3

1990 $177.4 $155.9 $333.3 $115.6 $448.9 $360.1

The increased revenues from personal and corporate income
taxes are due to the general increase in economic activity The

expansion in economic activity also produces increases in other

general fund revenues which are generated by fees charges
excise taxes etc These sources of revenues respond to

increases in personal income and population in much the same

manner as do personal income taxes

The major sources of local government revenues apart from

revenue sharing are property taxes sales taxes and

miscellaneous charges and fees The local revenue impacts shown
in Table 29 are primarily the result of increases in sales taxes

and fees caused by the pipeline induced activity The projected
increase in local revenues is substantially larger under the

AlaskaLNG System than under the AlaskaCanada System $116

million in 1990 compared to $36 million

When State and local government cevenues are combined with
State revenue sharing netted out the A1askaLNG System

generates additional revenues of $449 million in 1990 and the

AlaskaCanada proposal generates $217 million0 However while

there are differences in expenditure levels for the two

proposals they are offset by the differences in population
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growth previously discussed so that the two proposals produce
very similar increases in State and local expenditures percapita

Building pipeline in Alaska is bound to have one
additional effect The economy of the State of Alaska is now
undergoing an unprecedented boom because of the building of the
Alyeska oil pipeline The impacts caused by this boom are
expected to continue until the oil pipeline is operational The
timing of the building of either of the gas pipelines could be
planned so that the bust effect caused by the end of
construction of the oil pipeline could be lessened Oil line
construction workers could shift to the building of gas line
thereby lessening for instance the possibly high unemployment
levels that could occur However construction of gas pipeline
system may have detrimental effect on the ability of the State
to provide services to the population Services provided for the
oil pipeline were often makeshift and temporary Construction of
the gas pipeline in particular the AlaskaLNG System mightstretch the ability of the State to provide services and cause
either collapse of the structure or require large expenditure
to create new service structure

Corridor Analysis Oxnard California

The California portion of the AlaskaLNG System consists of
construction of gasification plant at Point Conception and
building pipeline to transmit the gas about 142 miles to Arvin
California where it will join preexisting pipeline network for
national distribution possible alternative has been suggested
by the Western LNG Terminal Company that would have the
gasification plant built at Oxnard and 53mile pipeline built
to Quigly Canyon Station where it would join preexisting
pipeline network for national distribution The California
portion of this section describes the expected economic impacts
of each of the alternative California plans The data contained
in this portion were developed by Western LNG Terminal Company
for submission to the FPC

Oxnard is located in Ventura County about 60 miles west of
Los Angeles There is population of about 158000 peoplewithin radius of about 10 miles The main industries and
employers of the area are agriculture manufacturing and
government The June 1974 rate of unemployment for Ventura
County was 81 percent close to 15000 Total employednumbered over 165000 of which 5300 were engaged in contract
construction

Construction of the facility will include building marine
facility in the harbor to receive the LNG tankers pipeline
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between the harbor facility and the plant to bring the LNG to the

vaporization plant and the LNG storage and vaporization plant
itself

At the peak of construction of the LNG terminal labor

force of about 1900 workers will be required most of whom will

probably come from the existing labor pool in Ventura County
Housing and services are considered adequate to cope with the

small number of additional workers about 200 that will either

commute into the area or take up temporary residence in the area

study done by management consulting firm Dames and

Moore for the Western LNG Terminal Company in their application
before the Federal Power Commission reports the following as the

expected economic benefits of constructing the pipeline

The principal beneficial effects resulting from
construction of the project are economic The total construction

payroll in 1974 dollars over the 39 month construction period
is estimated at about $46 million of which $35 million will be

disposable income0 An estimated 90 percent of this amount $3l5
million will go to those residing in the Ventura county area and

will to large extent be injected into the local economy
Expected sales tax revenue on the taxable portion of these

expenditures estimated at $l75 million is as follows

Cities and Counties percent $175000
State of California percent 875000

Total Tax Revenue $1050000

Building permit and plan check fees paid to the city of

Oxnard are based upon the value of construction and represent
onetime revenue of $345000

Ad valorem property taxes on the partially completed
facilities during the 39month construction period is third

source of economic benefit to the county

While not all of these revenues will go directly to the City

of Oxnard the amount that does go into the treasury will impact
the revenues which were about $13 million in l97ll972

The real impacts of the LNG terminal can be measured by the

effect that operation of the facilities have on the local

communities According to the Dames and Moore report that

impact will be measured primarily in the increased revenues to

the City of Oxnard The operating staff of the proposed
facility is estimated to be 90 persons with gross annual

payroll of approximately $l80 million based on 1974 dollars
It is expected that most of the personnel engaged in operating
maintaining and administering the proposed facility wifl be

permanent residents of the county0 Thus most of the payroll
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will be spent within the county0 The gross annual payroll of

$l80 million will yield disposable income of approximately
$l37 million or an aggregate direct impact upon the economic
base of approximately $27 million over the assumed 20 year
economic life of the projects

In addition to the above ad valorem taxes will add an
additional $9 million annually to the revenue of the county
city districts and other agencies0 This is based on total
estimated value of $383 million for the LNG facilities0 For

Oxnard the $l4 million it receives would represent over 40

percent of the total property tax revenue the city received
during the l97ll972 period0 Table 30 prepared by Dames and

Moore provides some information on anticipated revenues stemming
from operation of the LNG facility0

Table 30.Projected annual ad valorem taxes property
taxes on completed facilities excludes land at
Oxnard site0

Estimated Plant Investment upon Completion $38300 million 1/

Assessed Valuation 25% 9560 nillion

Annual Property Tax Revenue To

City of Oxnard $1400000

General County of Ventura 2100000

Schools 4800000

Oxnard Harbor District 70000

Other 9000009270000
1/ Preliminary estimate

As in the case of construction of the facility the small

work force of about 90 necessary for operation of the facility
will not pose any additional demands on the supply of services in

the area0 Housing schools protective services utilities and

so forth are cbnsidered sufficient to provide adequate services

even if the majority of the operational work force moves into the

area0 However it is expected that the labor force already in

the area will provide the majority of the facility manpower

The route of the pipeline from Oxnard to the existing

pipeline system at Quigley Canyon Station takes it through La
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Vista Station which is the site of another existing pipeline
From both of these sites natural gas will be distributed

throughout California and by displacement to the Midwest and

Northeast

labor force of about 400 would be required for about nine

months to build the pipeline Many of these people are expected
to come from the local labor supply However even if all of

them were brought into the area they would quickly be lost among
the hundreds of thousands of people that live in the surrounding
areas The unemployed labor force and the availability of

contract construction personnel will provide the pipeline with

more than an adequate labor force

The impact of the construction of the pipeline will be

similar to that of the construction of the LNG terminal except
less so because the construction will not require as many people
and will be spread out over large mostly nonproductive open

areas Again the biggest expected impact will be the increase

in revenues that will accrue from the construction of the

pipeline It was estimated that the 53 mile long pipeline will

provide about $2.6 million per year in ad valorem taxes to local

governments State and local taxes on the $15 million payroll

that will be paid for the 9month construction period will

provide some revenue to the localities

During construction some cropland will be put out of

production and some right of ways will be blocked However the

majority of the land will be back in production and use within

very short time although there may be some small amount of

acreage that could be out of production for to 10 years

During the operational phase of the pipeline maximum of

six employees will be required The economic impact of these

employees and their families will be almost nonexistent No

adjustment will be necessary in any services for these additional

people

Corridor Analysis Point Conception California

Point Conception is the originally selected site for the

regasification and related facilities which are part of the

AlaskaLNG System Point Conception is located in Santa Barbara

County at the coastline There is practically no residential or

industrial development in the area The closest city of any size

is Lompoc with population of over 25000 The city of Santa

Barbara located 3540 miles away has an estimated population of

almost 80000 The main industries of the area are agriculture

construction mineral production tourism and government The

June 1974 rate of unemployment for Santa Barbara County was 58

percent about 7000 Total employment numbered over 111000 of

which 3600 were engaged in contract construction
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Construction of the facility will include building marine
facility in the harbor to eive the LNG tankers pipelinebetween the harbor facility the plant to bring the LNG to the
vaporization plant and the LNG storage and vaporization plantitself

At the peak of construction of the LNG terminal labor
force of about 1800 workers will be required most of whom will
probably come from the existLig labor pool in Santa Barbara
County For the most part the existing services will be adequateto cope with the temporary influx of people Protective
services utilities schools hospitals and so forth are allconsidered of sufficient size However housing may poseproblem because it is in short supply in the area Temporaryhousing units such as hotels and motels are largely tourist
oriented and during certain times of the year are very highlypriced The result will be either long daily commutes for some
of the workers or temporary influx of trailers However theshort duration of construction about 39 months and in
particular the peak period of construction about 20 monthsmeans that this is only temporary and not significant problem

According to the Dames and Moore study the principalbeneficial effects that will result from construction of the
project are economic The total construction payroll is
estimated at $450 million over the construction period To
assess the relative importance of this payroll impact it must be
viewed in relation to the personal income with the entire county

1973 personal income $1389 million
Annual average construction payroll 15 million
Annual average construction payroll as

percentage of 1973 personal income 11 percent

The addition of $29 million in disposable income to the
county economy during construction will result in an increase in
taxable sales of $16 million during the construction periodabout $5 million per year This amounts to an increase of less
than percent over the 1973 taxable sales figure of $701million

Building permit and plan check fees paid to the county ofSanta Barbara are based upon the value of construction and would
represent an increase in county revenue amounting to $ll million
for the project

Ad valorem property taxes on partially completedfacilities during the construction period will be major source
of economic benefit to the county and other agencies and
districts Other beneficial effects will include the local
purchase of construction materials0
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The economic base of Santa Barbara County will be
significantly affected by the surge of construction activitycreated by this projects The estimated capital cost of the
project is 430 million all of which will be concentrated inthe Point Conception region of the county

The operations staff of the proposed facility would be about98 persons with gross annual payroll of approximately $1.96million Most of the personnel engaged in operatingmaintaining and administering the fixed installations within thecounty would probably be permanent residents of the countyThus most of the payroll would be spent within the county The
gross annual payroll of $l96 million will amount to disposableincome of approximately l46 million or an aggregate directimpact upon the economic base of approximately $30 million overthe 20 year economic life of the project

In addition to the above ad valorem taxes will add anadditional $9.6 million to the county revenue This is based ontotal estimated value of $430 million for the LNG facilitiesFor Santa Barbara County the $9.6 million would represent anincrease in revenues of about 14 percent over the l972l973 levelof 688 million Table 31 prepared by Dames and Moore providessome information about anticipated revenues stemming fromoperation of the LNG facility

Table 31.Projected annual ad valorem taxes property taxeson completed facilities excludes land at Point
Conception site

Estimated Plant Investment upon Completion $430.0 million1

Assessed Valuation 5% 107.5 million

Annual Property Tax Revenue To

General County of Santa Barbara $2839000

County Fire Protection District 502000

Schools
5746000

Other
513000

TOTAL 9600000
1/ Preiminary estimate

As in the case of construction of the facility the smallwork force necessary for operation of the facility will not poseany additional demands on the supply of services the ares
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That is true for housing as well which is considered Possibleproblem for the construction period0

labor force of 700 would be required during the l2monthperiod for construction of the pipeline from Point Concepti0n toArvin0 Most of these people are expected to come from the locallabor supply0 However even if all of them were brought into thearea they would quickly be lost among the hundred thousandpeople that live in the surrounding areas0 The unemployed laborforce and availability of contract construction personnel willprovide the pipeline with more than an adequate labor force0
The impact of the construction of the Pipeline will besimilar to that of the construction of the LNG terminal exceptnot as severe because the construction of the pipeline will notrequire as many people and will be spread out over much largerarea The biggest expected impact will be the increase inrevenues that will accrue from construction of the pipeline0 itwas estimated that the 142 mile Pipeline will provide over $5million per year in ad valorem taxes to local governmen50 Stateand local taxes on the $26 million payroll that will be paid forthe l2month construction period will provide some additionalrevenue to the localities

During the operation phase of the pipeline only maximum ofseven employees will be require0 The economic impact theseemployees and their families will have will be almostnonexistent0 No adjustme will be necessary in any services forthese additional people0

Gorridor Impacts Northern Border

The Alaskacanada System will traverse approximately 1100miles in the lower 48 States Passing through Montana NorthDakota South Dakota Minnesota Iowa and terminating in northernIllinois near the Indiana border0 In all it will pass throughsome portion of 51 counties in those six States0

The States of Montana North Dakota and South Dakota are anarea that is essentially rural and semiarid with economicactivity centering around dry land farming and cattle ranchingalthough resource development especially in Montana and NortkiDakota holds promise of becoming major industry in this area0Minnesota Iowa and the western half of Illinois ischaracterized by intensive high value agricultur production0The eastern half of Illinois is more urbanized and highlyspecialized in manufacturing

The economic impacts of the proposed delivery system on theStates and counties through which it pases wiJJ be gererallymin and short teim fne impacts that occur will result frousudden infusion of money Into the local economies lnczeased



demand for services and the bidding away of local labor from
their usual jobs to pipeline construction

The impact on employment in this area is illustrated by
Table 32 which compares State employment levels for 1970 and

average annual manpower requirements for construction of the

pipeline

Table 32.Labor requirements for construction of Alaska-
Canada System in 1977 and 1978 for six States

1977 AVERAGE 1978 AVERAGE
1970 TOTAL 1970 CONSTRUCTION MANPOWER MANPOWER

STATE LABOR FORCE EMPLOYMENT REQUIRED REQUIRED

000 000 000 000

Montana 98 .6 .3 .1

North Dakota 24.6 15 .6 .9

South Dakota 37.3 2.2 .3 .2

Minnesota 36.5 20 .2

Iowa 280.2 144 .5 .9

Illinois 215.6 12.2 .2 .1

SOURCE DOT Alaska Natural Gas Transportation System Draft EIS
June 1975

Pipeline construction could put serious strain on the

availability of labor in several areas such as Montana and North
Dakota where the average manpower requirement may cause serious
shortage in available construction labor for other projects0
However only about 40 percent of the construction workers will

be hired from the local force and these will tend to be unskilled

jobs such as truck drivers watchmen common laborers and so

forth These jobs which do not require extensive training could
be filled from the nonconstruction labor pool

The average manpower shown in Table 32 is monthly average
of requirements for each State However manpower demand peaks
as shown in Table 33 could be critical in several areas For

example in Montana the peak construction manpower requirement of

560 workers in 1977 is nearly equal to the number employed in

contract construction in the pipeline counties of the State in

1970 In agricultural areas of these six States where there is

chronic seasonal shortage of labor pipeline construction could

aggravate the manpower problem of other activities in the area
However this disruption would be only temporary lasting no

more than two years and could be ameliorated by manpower shifts
and temporary wage increases in the agricultural sector The
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probability of this disruption diminishes as the pipeline routemoves from West to East

Table 33Peak manpower required in six States in19 throuqh 1980 for the Alaska_Canada System

Montana 560 560 165 205

North Dakota 1665 550 300 200

South Dakota 1090 1090 165 135

Minnesota 540 65 110

Iowa 1090 550 165 140

Illinois 755 555 440 290

Primarily for operation and maintenance of the pipeline system

SOURCE DOl Alaska Natural Gas Transportation SystemDraft ElS June 1975

Installation of the proposed pipeline will probably notaffect the local tax structures It will however affect thelocal tax base Table 34 shows an estimate of the cost of thepipeline in each State and the ad valorem taxes that may bederived from them The amount generated annually would be $36million or about $700 thousand per county These cost estimatesare based on information provided in applications by members ofthe Arctic Gas Study group rather than on cost estimates derivedearlier in this report for the AlaskaCanada System but areadequate to show the general impact of such system
Table 34Sstimated Alaska_Canada System pipeline valueand estimated ad valorem tax in six States

STATE ESTIMATED TOTAL COST ESTIMATED AD VALOREM TAX

000 000
Montana

$222212
$4500

North Dakota 330241
8500

South Dakota 217867
6000

Minnesota 166041
9000

Iowa
282680

6000
mo is 185559

2000
TOTAL $1404600

$36000
SOURCE DOI Alaska Natural Gas Transportation System Draft P15June 1977
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Construction of pipeline will not provide large increase

to State revenues During the construction phase it is

estimated that something less than $2 million will be paid to all

the States in income tax and approximately the same amount in

sales taxes related to construction crew expenditures Once

construction is completed only small number of permanent

operation and maintenance personnel will remain Total payroll

for these permanent personnel will be less than $3 million

annually and total State taxes will be under $200 thousand

State and local expenditures to provide services for the

temporary construction labor force and then the permanent

operation and maintenance labor force will be minimal The

construction crews will not stay in one area longer than about

six weeks and therefore will cause only minor impact on even

the smallest communities along its route Because of the short

duration in each area schools will not be affected Housing

will not be problem because large portion of the nonlocal

construction workers will have mobile home or other temporary

shelter

Impacts on recreation cultural and related services will

be important Local bars movie theaters pool halls and so

forth will be well attended by the construction workers In less

populated areas the construction workers by dint of their

superior purchasing power will successfully compete for scarce

services Additional services that will be temporarily strained

or require temporary expansion will be law enforcement

services medical and dental services and public utilities

including water power and sewage disposals Also the demand

for local welfare services will probably increase as some

unemployed come into the area and are unable to secure

employments It is unlikely that the increase in demand for goods

and services resulting from this construction will induce

increased capital investment by the local suppliers since the

demand will be short term Some temporary increase in personnel

or hours worked inventory stocks and the capital required to

carry them will be the most likely response of local suppliers

All of the disruptions and service demands mentioned above

will be short term as the bulk of the workers will not be in any

one area very long Longer term employment and income impacts

resulting from the operation and maintenance of the pipeline

system will also be minimal When the system is operational it

will require the employment of less than 200 people with an

annual payroll of less than $3 million0 If these personnel are

distributed evenly along the line there would only be about 13

stationed in each 100 mile segment of the line This number

would be unlikely to have significant impact on the labor force

or the economic and socal structure along any segment of the

lne One area in which pipeline construction could have

measurable though shortterm beneficial impact would be br that
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portion of the pipeline that crosses the Fort Peck IndianReservation in Montana Unemployment is particularly high on thereservation and the pipeline could provide employment fornumber of Lhe unemployed on the reservation

Disturbance of agricultural production will be an importanteconomic impact along the construction routes However this
impact will be localized and not represent very great loss
compared with the total production in each State Table 35compares estimated losses The total loss will be about $2million compared with total production of over $14 billions

Table 35Total crop production in 1974 and estimated
loss of production alone AlaskaCanada System rigdt
ofway in six States

1974UCfION
IN MILLIONS OF DOLLARS

STATE CORN SOYBEANS SMALL GRAINS HAY TOTAL

Montana 599 192

North Dakota 22 18 1224 185

South Dakota 223 50 404 233

Minnesota 1008 539 596 337

Iowa 2654 1264 133 269

Illinois 2492 1370 246 126

TOTAL $6402 $3241 $3202 $1342 $14187

LOSS OF CROP PRODUCTION ALONG RIGHT OF WAY
IN THOUSANDS 00 DOLLARS

Montana
49 13

North Dakota --
97 52

South Dakota 52 -- 80 52

Minnesota 242 82 16 26

Iowa 518 155 45 52

Illinois 311 163 15

TOTAL $1123 $400 $287 $210 $2020

SOURCE Statistical Reporting Service IJSDA 001 Alaska Natuial
Gas Transportation System Draft FIS June 1975

ecause if will take number of years to get most of the
crop aLa ar picdurtfo DOS for he rca may
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about $6 million However compensation for this loss is

included in the cost of rightofway acquisition0

Sectoral Impacts

In order to complete the construction of either the

AlaskaCanada System or the AlaskaLNG System significant
quantities of goods and services must be purchased Both

proposed systems would use substantial amounts of construction

equipment steel plate and pipe and gas compressors In

addition the Alaska-LNG System would require LNG equipment and

LNG tankers The purpose of this section is to examine the

ability of each impacted sector of the U.S economy to provide in

timely fashion the goods and services demanded of it The

ability of Canadian industry to supply its expected share of the

inputs for an Alaska-Canada System was not studied though the

smaller size of the Canadian economy makes this an important
issue0 If it is not possible for Canadian industry to supply the

remaining inputs during the time period required by the schedule
U.S or foreign industry may be able to do so or delays may
result

It has been assumed that all of the material for the

AlaskaLNG System and the portions of the AlaskaCanada System in

the United States will be procured from U.S supplies The

Canadian portion of the AlaskaCanada System will procure
material and labor from the United States and Canada in the

proportions identified in Table 36

Table 36Share of each major cost category of
the Canadian segment of the Alaska-Canada

System purchased in the United States and

in Canada

Item Canada U.S
Percent Percent

Material
Pipeline etc 50 50

Contractor
Equipment 25 75

Compressors
refrigeration
metering etc 10 90

Pipeline
Installation
labor 60 40

Construction
Management 70 30

212



Generally the approach used in this section is to comparepurchases from each sector with sector sales for 1972 It shouldbe noted that most industries have undergone monetary if notreal growth since 1972 while the estimates of systemconstruction expenses are in all cases in constant 1975 dollars0Further most industries will continually add capacity through1984 particularly if pipeline construction is anticipatedThus the impacts discussed here will in most cases be somewhatexaggerated especially for the later years0 Furthermore oncean industry has begun to provide certain level of goods orservices maintenance of that level of production does notconstitute the same sort of impact as the initial purchase
Construction Industry

Table 37 presents the amount and timing of majorconstruction cost elements which will be purchased in the UnitedStates0 The major cost discrepancy between the two systemsarises from the significant foreign mainly Canadian purchaseswhich the AlaskaCanada System will entail

Either system would include pipeline construction activityof about the same magnitude as the 1972 industry receipts of $847million This industry has grown substantially since 1972because of the massive impact of TAPS construction Since thescheduled start of either system is after completion of TAPS itis likely that considerable segment of the TAPS constructionlabor force would be employed in building either of theseSystems Thus the impact of either system on pipelineconstruction should be well within the current capacity of theindustry

The services purchased from heavy construction contractorsnecessary for either proposed system should not causesignificant impact on this industry which had 1972 receipts of$11483 million These services will come from the portion ofthe industry specializing in construction of industrialfacilities such as refineries chemical plants and powerplants
Steel and Pipe

Table 38 depicts the steel requirements for each systemThe AlaskaCanada data is for purchases of U5 produced steeland show that this system will require 31 percent more USproduced steel than the AlaskaLNG System The share of totalsteel used in the AlaskaCanada System purchased in the UnitedStates is assumed to be 50 percent All steel used in theAlaskaLNG System is assumed to be from firms However theAlaskaLNG System will require larger amounts of the higherpriced highnicke steel which is needed for cryogenic equipmentThus the steel cost difference between the two systems is onlypercent

213



Table 37Total Alaska-Canada and Alaska-LNG systems purchases

for construction in he United States in millions of
dollars

Alaska-Canada System

Con
struc- All Con- Total

tion Corn Manu struc Con
Steel Equip- pres- fac- tion struc

Year Pipe ment sors turing Labor tion

1976 69 69 54 123

1977 $331 137 468 54 522

1978 331 68 $102 501 328 829

1979 331 102 433 328 761

1980 331 102 433 328 761

1981 83 50 133 169 302

1982

1983

1984 782 782 782

TOTAL $1407 $274 $1138 $2819 $1261 $4080

Aiaska-LNG System

Corn-

Con pres
Con struc sors Total

struc- tion LNG Con
tion Steel Equip- Equip- struc- LNG

Year Labor Pipe rnent rnent tion Carriers Total

1976 67 57 11 135 143

1977 144 108 105 357 51 408

1978 433 $246 38 284 1001 135 1136

1979 667 247 370 1284 404 1688

1980 604 203 249 1056 469 1525

1981 279 85 364 230 594

1982 27 67 94 149 243

1983 82 54 136 172 308

1984 65 134 101 300 68 368

TOTAL $2368 $830 $203 $1326 $4727 $1686 $6413
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Table 38Quantjtes and cost of steel purchased from USindustry for eAlaska LNG and AlaskaCanada Systems

Tons of 1/ Cost of 1/em lxlO el$x
A1askaLNG

Alaska pipeline 755 491Liquefaction facility 70 152 2/LNG tankers
332 363 2/Gasification facility 16 35 2/California pipeline 212 99Displacement Pipelines 471 240Total

1856 $1380

AlaskaCanada

Alaska pipeline 172 116Canada pipeline 50% 1001 651Lower 48 pipeline 1254 640Total
2427 $1407

1/ Tons and cost of steel price sensitive items excludes
machinery equipment etc

2/ Includes small amount of transportation Collectivelyperhaps $20 million

The expenditures of up to $1407 million on steel will bespread out over three to five years with expenditures within anyyear not exceeding $500 million This represents less thatpercent of steel plate shipments for 1972 The potentialsignificance of this impact 15 discussed in the sectiox oneconomy wide impacts In the AlaskaCanada System the steelplate is used entirely for the manufacture of steel pipe andfittings0 In the Alaska-LNG System the steel plate is used forthe manufacture of pipe LNG tankers and the liquefaction andregasificatjon facility

The schedule of purchases for the much smaller pipe industryis shown in Table 39 The A1askaLNG System would require up to$247 million of pipe per year or about 17 percent of 1972industry shipments This purchase will constitute significantimpact upon the industry but can be supplied entirely by any ofthree producers assuming steel plate available TheAlaskaCanada System would require up to $331 million of pipe peryear or about 25 percent of 1972 industry shipments Only about10 percent of this pipe will be of 42Inch outer diameter sizeand thus entirely producable with present facilities Theiemiining 90 percent will be 48inch outer diameter pipe whichpresently cannot he Produced domestically However U0S0 Steel
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has tentative plan to invest $50 million in their Orange Texas

pipe plant in order to produce 48inch OD pipe

Table 39.Quantity and timing of steel pipe purchases
from U.S industry for the Alaska-LNG and Alaska-
Canada Systems in millions of dollars

Year Alaska-Canada System Alaska-LNG System

1977 331

1978 331 $246

1979 331 247

1980 331 203

1981 83

1984 134

Total $1407 $830

Construction Equipment

The impact upon this $6billion industry from either
proposed system will be determined by the quantity and timing of

purchases necessary to build either system This information is

shown in Table 40

Table 40.-Quantity and timing of construction equipment
purchases from U.S industry for the Alaka-LIVC and
Alaska-Canada Systems in millions of dollars

Alaska-LNG System Alaska-Canada

_________________________ _____________________ System
Year Liquifaction Receiving Pipeline Total

1976 $18 39 57 69

1977 20 $10 78 108 137

1978 38 38 68

TOTAL $38 $10 $155 $203 $274

The maximum purchase from either proposed system would be

the $137 million necessary in 1977 for the construction of the

AlaskaCanada System This amounts to about percent of 1972

industry shipments and consequently does not amount to

significant impact
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Gas Compressors and LNG Equipment

Table 41 describes the quantity and timing of expenditures
on gas compressors and LNG equipen The pipeline purchases are
primarily for gas compressors and the liquifactj0 purchasesprimarily for LNG equipen The balance of pipeline and
liquifactio expenditures and the receiving equipment purchases
will be for metering equipment communications equipment and
less sophisticated LNG handling equipment

Table 41Quantity and timing of purchases of gas compressorsand ENG equipment from us industry for the Alaska_ENGand Alaska_Canada Systems in millions of dollars
Alaska_Canada Alaska_LNG SystemYear Pipeline Pipeline Liquifaction Receiving Total

1976
11

11
1977

60 45 105
1978 102 58 173 53 284
1979 102 58 239 73 37
1980 102

194 55 249
1981 50

85
85

1982
67

67
1983

54
5482 76

Total $1138
$192 $908 $226 $1326

Also includes metering and communications equipment
In 1975 U5 companies sold about billion of gascompressors for use in reinjection and pumping and another $1billion of LNG equipment

The largest annual purchase of gas compressors will come ifthe Alaskacanada System is chosen In 1978 $102 million wouldbe purchased This is 10 percent of 1975 sales and will not beproblem to rapidly expanding indUstry In 1984 there isscheduled purchase of $782 million of gas compressors Theindustry will probably have annual sales of $23 billion by thistime Despite industry growth the 1984 purchases willnevertheless be very important and it may be necessary to placethe order year early so that the impact can be spread over twoyears
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The gas compressor purchases for the AlaskaLNG System are

much more modest in scope and will not have significant impact

upon the industry0 If the AlaskaLNG System is chosen there

will be significant impact on the LNG equipment industry
between 1978 and l980 During these three years purchases will

range from $249370 million per year or about 3O35 percent of

1975 sales0 This industry is also growing rapidly and these

purchases will probably constitute about l525 percent of

industry capacity between l978l980

Dry Cargo Shipbuilding

The revised schedule of LNG carrier construction calls for

each of three shipyards to begin constructing new ship every
67 months0 Thus each yard will have up to three LNG tankers

under construction for the AlaskaLNG system simultaneously0 The

magnitude of this construction expenditure is shown in Table 42

Table 42.Schedule of ship construction

expenditures for Alaska-LNG System

Year Amount Millions

1976

1977 51

1978 135

1979 404

1980 469

1981 230

1982 149

1983 172

1984 68

Total 1686

Comparing the expense schedule with industry shipments for

1972 the significance of the impact of the ship construction

order becomes apparent0 In 1978 and 1979 ship construction

expenses will be about 80 percent of 1972 industry shipments0
This measure overstates the impact upon capacity because

capacity is meaningfully measured in numbers of ships rather

than dollars of expenditure and these ships are of unusually
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high value However by any measure the impact of thisconstruction is significa

Additionally there are only shipyards with capacity toconstruct ships of necessary size Four firms General DynamicsNewport News Sun and Avondale have taken orders for total of15 LNG carriers Industry capacity to build large LNG tankers islimited and the AlaskaLNG System will place large demand uponthis industry Nevertheless the industry has the capacity tobuild these ships and both the shipyards and berths areavailable

Economy Wide Impacts

Enormous investment projects such as the two proposedalternative systems to transport Alaska natural gas to the lower48 can have significant impacts upon the performance of theentire economy Impacts upon the gross national product GNPunemployment investment in such major categories as producer andconsumer durables as well as the rate of inflation are the topicof this section Either of the proposed transportation systemswould affect these indicators of the overall performance of oureconomy in two basic ways through increased demands on heavyindustry and servIces and through increased supply of naturalgas The rate and magnitude of these economywide impacts canhave important implications for our Nationvs macroeconomicpolicy

To assist in estimating the economywide or macroeconomiceffects of either system the services of Data Resources Incwere used Simulations were run using the DRI QuarterlyForecasting Model and DRI Long-term Interindustry Growth ModelAdditionally information was supplied by the DRI SteelForecasting Service Two basic sets of comparisons were madeusing both simulation models that is the two alternativesystems were compared with one another and both systems werecompared separately against control version which excludedproduction of north slope gas The results of the LongtermGrowth Model simulation generally conform to those of theQuarterly Forecasting Model and only the latter results arediscussed

Both systems would involve substantial additional demandsfor goods and services during the 1977 to 1981 constructionperiod The total ug share of capital and operation andmaintenance costs are slightly higher for the AlaskaLNG Systembut the differences are small relative to the size of total GNPThe expenditures by the AlaskaCanada System peak atapproximately $l2 billion in 1978 whereas the Alaska-LNG Systemwould have peak expenditures of approximately $22 billion in1979 difference of one billion dollars cannot be expected tocause large differences in $22_trillion_economy and in general
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the macroeconomic performance differences between the two systems

are small and rather insignificant However the impact of the

demand for steel plate required for the pipe and for ship

construction could exacerbate the expected capacity shortage in

the domestic steel industry This potential problem with steel

supply is dealt with separately and the general results presented

below do not reflect the inflation which could be generated by

steel shortages Comparing either system with flcontrolu which

excludes Alaskan North Slope gas production reveals that either

investment would have substantial beneficial impact on the

performance of the economy Barring serious steel capacity

shortages the increased demands for goods and services during

the construction period would put only very slight upward

pressure on prices However once the North Slope gas begins to

reach the lower 48 markets substantial downward pressure occurs

across all fuel prices By 1984 either system would lower the

general price level GNP deflator by one percent as compared to

the nogas case However by 1990 this price differential

decreases by half

The impact of either system on current dollar GNP is

minimal AlaskaCanada generates 02 percent or $9 billion

increase in current dollar GNP by 1985 and AlaskaLNG generates

0.3 percent or $10 billion increase in current dollar GNP by

1985 These increases in the real output of our economy are

generated through the multiplier effect of the increased demand

for goods and services and perhaps more significantly through

lower fuel prices These increases in GNP decrease to about half

of their 1985 levels by 1990 This increase in output also

results in 05 percentage point drop in the unemployment rate

for 1985 and 1986

After three or four year lag real investment in the

nonresidential construction sector and in producers durable

equipment respond to the increased demands caused by

construction The maximum increase over the control occurs in

1985 with either transportation system and then drops off sharply

in each case The increase generated by AlaskaLNG peaks at 42
percent over the nopipeline control The AlaskaCanada System

generates smaller increase in construction investment peaking

in 1985 at 38 percent over the control The approximately

5-year lag between the bulk of the expenditures for either

transportation system and these peak impacts on investment

suggest that the more significant effects are brought about by

the easing of fuel prices

While the direct impact of either transportation system is

of relatively minor significance on an economywide scale the

impact of either natural gas transportation system on the steel

industry could be substantial As noted in the sectoral impacts

section above the AlaskaCanada System requires more U.S steel

production This is largely caused by the steel requirements to
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build the considerably longer pipeline in the lower 48 Howeverthe AlaSkaLNG System also generates substantial demands forsteel through the ship building industry

The current DRI LongTerm Steel Raw Materials Forecastsuggests that domestic steel capacity shortages could occur by1980 even without the considerable additional demands from theselected Alaskan natural gas transportation system If currentplans for substantial steel industry expansion are postponedthese shortages could exert their substantial inflationarypressures before 1980 Whenever steel capacity falls behinddemand substantial steel price inflation occurs When thishappens the prices of other raw materials are also pushed upthough by smaller amounts than steel prices It was not Possibleto perform quantitati assessment of the potential impactsthat the Alaskan natural gas transportation system demands mightgenerate on steel prices The direction of change is clearhowever The chances for serious steel shortage increase withthe substantial demands for pipe and other fabricated steelproducts which either of the Alaska natural gas transportationsystems would generate If steel capacity shortage shouldoccur the slightly favorable impacts on the economy would likelybe reversed

Conclusions

The AlaskaCanada System would run only 195 miles throughessentially uninhabited terrain and its construction would havelittle economic impact on Alaska The AlaskaLNG Systemparalleling the Alyeska oil pipeline for 825 miles south to PointGravina would have more of an impact over four times as muchpipe would be laid as well as an expensive liquefactj plantthat would be constructed Much of the pipe as well as theliquefaction plant would be in inhabited parts of Alaska andAnchorage would feel significant impact The State Populationwould increase during construction by thousand if theAlaskaCanada System is built and by 45 thousand if theAlaskaLNG System is built The AlaskaLNG System would havemore of an impact upon state and local revenues and expendituresthan the AlaskaCanada System In 1990 the AlaskaCanada Systemwould raise State and local revenues by $2l65 million andexpenditures by $158.8 million while the AlaskaLNG System wouldraise revenues of $4489 million and expenditures by $360.1million Building the AlaskaLNG System would result incontinuation of the boom with all attendentbenefits and problems However building either system wouldameliorate the bust following Alyeska construction

The AlaskaLNG System would require California terminaleither at Point Conception or Oxnard with short pipeline tolink up with the existing pipeline network The construction of
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the pipeline and the receiving facility will have moderate impact

upon employment income and government revenue0

The AlaskaCanada System would include line from Morgan

Montana to Chicago Ills Moving from west to east population

and the level of economic activity increase as the relative

impact of pipeline construction decreases0 In Montana and

western North Dakota pipeline construction will heavily impact

the construction work force and result in temporary immigration

of outofstate construction workers as well as shifts of labor

from other occupations into construction work0 The tax revenues

resulting from construction and operation will be important to

local governments especially in the sparsely populated western

counties but also in the midwestern farming counties directly to

the east0 Similarly construction would impact local services

particularly leisure services during construction0 However

locality would be impacted only for matter of several weeks0

Because of the size of the demand for materials and labor

construction of either of the proposed gas transportation systems

would have significant impact on number of domestic

industries0 For example the magnitude of the demand for

pipeline construction services would equal the size of the

industry before TAPS construction when the industry was forced

to double its size0

If the AlaskaCaflada System is constructed there will be

demand for large quantities of 48inch pipe for which there is

presently no domestic productive capacity0 To make this size

pipe available would take an estimated investment of $50 million0

The gas compressor and LNG equipment industry will be

heavily impacted0 The maximum impact would come in 1979 for the

AlaskaLNG System when purchases would be about 35 percent of

1975 industry sales and in 1984 for the AlaskaCanada System

when purchases would be about 80 percent of 1975 industry sales0

The AlaskaLNG System will be quite significant to the dry

cargo shipbuilding industry0 There are only four shipyards with

LNG tanker construction experience and only three others which

could possibly construct LNG tankers of this size0 Three

shipyards will be needed and the annual expenses will be about

80 percent of 1972 industry shipments0

Each system will produce macroeconomic effects by demanding

goods and services and providing energy upon completion0 The

maximum annual demand for goods and services would be $l2

billion in 1978 for the AlaskaCanada System and $22 billion in

1978 for the AlaskaLNG System0 These amounts will make little

difference to the economy although the crucial demand for steel

may exacerbate an existing shortage with inflationary results0
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The most significa macroeconomic effects will come threeto four years after the chosen system is in operation Witheither system by 1985 the following impacts wouj occur lowerthe general price level by approximately percent increase GNPby $9$io billion to percent increase investment innonresidential construction and producers durable equipment by38 percent to 42 percent and decrease unemployment by O5percent These probable impacts are not permanent by 1990 eachprobable impact should be down to about onehalf of the 1985ye
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GLOSSARY

Terms as used in this report are defined below

AlaskaCana System gas pipeline from the North Slope of

Alaska connecting with pipeline through Canada that will

deliver gas to the United States

AlaskaLNG System gas transportation system that will deliver

gas from the North Slope of Alaska to United States markets

by the use of trans_Alaska pipeline and ocean

nsportation

Alaskan Arctic Short title for the Alaskan Arctic Gas Pipeline

Company an applicant in the Arctic Gas Study group

Alcan Short title for the existing international highway route

through Canada to Alaska

alternate fuel close substitute for natural gas

Alyeska Short title for the transAlaska oil pipeline system

which will be operated by the Alyeska pipeline Service Co

applicant One of the several applicants currently seeking

certificate of public convenience and necessity from the

Federal Power Commission to construct gas transmission

facilities which will become part of systems for

anSporting gas from the prudhoe Bay field for shippers in

the lower 48 States By association this term also

includes collateral applications before the National Energy

Board of Canada

Arctic Gas Study group Collective short title for participants

in the Arctic Gas Project currently doing business as the

Alaskan Arctic Gas Study Company the Canadian Arctic Gas

Study Limited the Northern Border Pipeline Company and the

Interstate Transmission Associates

Arctic Islands petroleum province extending eastward from the

Beaufort Sea to the vicinity of Greenland which is the

potential source of supply for the Polar Gas project to

bring gas south through mid_Canada

Arctic National Wildlife Range The reservation located on the

Beaufort Sea between the prudhoe Bay area and the Canadian

border
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associated gas Gas which is found in reservoir that also
contains oil with which it is in contact Sometimes used to
refer to the gas in solution in the oil as distinguished
from that in the gas cape

balance of payments The net result of trade and capital flows
between the United States and Canada

barrel 420 US gallons

Base Case The configuration of the two systems adopted at the
beginning of the study around which the analysis was
centered Due to subsequent developments these may not be
the most likely or the most desirable configurations

basin The designation of major geologic feature identified
with source areas for natural gas supplies in the lower 48
States

Beaufort Sea The offshore petroleum province of the Mackenzie
Delta area of Canada

benefits of energy independence The benefit to the United
States of reducing consumption of oil imported from
unreliable sources as measured in terms of the reduction
made possible in stockpiles of crude oil

benefits to consumers The value to the United States of
additional gas supplies measured by adding up the prices
which different groups of customers would pay times the

quantities they would be willing to buy at those prices

boiloff The portion of the liquefied gas which evaporates and
passes off in the form of vapor

borrow Earthen granular or rock material such as gravel
taken from one area for use in another

Canadian Arctic Short title for the Canadian Arctic Gas
Pipeline Limited an applicant in the Arctic Gas Study
group

cathodic protection The application of polarized electrical
potential between pipeline and the ground to protect the
metal from corrosion0

characteristics of the reservoir Physical features of
reservoir which affect the movement of fluids through it in
the course of production Usually limited to measurable
parameters useful for reservoir engineering purposes
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city gate price The wholesale price of gas charged by

transmission companies delivering gas to utilities and

certain categories of industrial customers

compression The restoration of pressure in flowing stream of

gas to overcome pipeline losses due to friction and

turbulence This is done at intervals to maintain pressures

within the desired operating range for each portion of the

pipeline

conservation of oil and gas The engineering concept that the

greatest value in exploiting an oil and gas accumulation is

realized only through the maximum recovery of both

construction spread An assemblage of men and equipment required

for the construction of specified section of pipeline

contractor spread See construction spread

costbenefit analysis The technique used to evaluate alternate

government projects or policies by determining the net dis

counted value of the expected national costs and benefits of

each project or policy

cryogenic The science or equipment that deals with the

production of very low temperatures Specifically refers to

the LNG processes under study

deliverability The daily rate at which gas processed to meet

pipeline specifications can be delivered to the metering

point for field sales

demand curve schedule line which depicts graphically the

quantity of product which consumers would like to purchase

at various hypothetical prices

deregulation Removal of all controls exercised by the Federal

Power Commission over all interstate prices for gas at the

wellhead

development well The individual or aggregate of wells drilled

into discovered reservoir to recover its reserves See

also field development

discounted value cost future net revenue See present

discounted value

discount rate rate similar to an interest rate which

represents the cost of capital the cost of borrowing or

the rate of return on an investment dollar received or

paid out now is worth more than in the future because of the

possible return if invested and thus the discount rate is

used to lower the value of dollars received in the future
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__v
displacement of gas The shipment of gas from seller to buyer

accomplished by an exchange of equal gas volumes from other
sources in lieu of direct transmission

double jointing The welding together of two joints of pipe

elastic type of price responsiveness found over certain
range of demand curve where relatively small price
change will produce relatively large change in the
quantity demanded

El Paso Alaska Short title for the El Paso Alaska Company an
applicant in the system sponsored by El Paso Natural Gas
Company

end use The ultimate purpose to which natural gas is put inus markets for example to provide energy for residences
power plants industry

energy equivalent price The dollar value per unit of fuel
which will make the cost per ETU of energy equal to the cost
per BTU of some alternate fuel for example the energy
equivalent price for barrel of oil at $200/MCF for gas
is $l200

ethane gaseous hydrocarbon normally present in natural gas
Having heating value 77 percent above methane any
substantial content of ethane must be removed in processing
the gas to meet pipeline specifications it is frequently
referred to as C2 from its chemical formula C2 H6

exploration The search for natural accumulations of oil and gas
by any geological geophysical or other suitable means

extensions The validation of inferred accumulations in known
productive formation beyond the limits of previously proved
reserves

fault shear in the Earths crust along which the displacement
of formation may seal off porous stratum so as to
provide trap for the accumulation of gas and oil
Similarly faults may provide barriers to the free movement
of fluids with an apparently continuous reservoir

Federal Power Commission The Federal agency responsible for
regulating the transportation and sale of natural gas in
interstate commerce and exercising the other powers
delegated to it under the Natural Gas Act

field contiguous area in which oil and gas are produced from
one or more reservoirs
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field development The drilling of additional wells and

installation of production facilities for the purpose of

exploiting the discovery of an oil or gas accumulation

field unit joint venture in which the relative mineral

interests of number of different parties are determined by

agreement and the accumulation of oil or gas is then

exploited as unit with the development expenditures

operating costs and net revenues being shared as agreed

formation chronological unit in the geological sequence used

to identify oil and gas accumulations presumed to have

originated under similar conditions

gas cap The upper portions of reservoir containing oil and

gas where free gas has accumulated above an interface

between the gas and liquid phases

gasOil ratio The volume ratio of gas liberated from solution

in oil to the remaining liquid oil after the gasoil system

has been reduced to standard conditions of temperature and

pressure

gas supply The gas reserves held or controlled by natural gas

company and subject to inquiry by the FPC in connection with

any application under the Natural Gas Act Both the

adequacy and the costs are normally questioned

geologic structure subsurface geologic feature such as an

uplift of porous formations which provides suitable

conditions for the entrapment of oil or gas

geophySiCal Utilizing geologic exploration methods that rely on

physical phenomena and engineering measurements such as

seistnic techniques

geotechnic The interface and interaction between construction

flgineeringequiPmt and the earth

gross national product GNP The total value of goods and

services produced during the course of year within

country

HugotOnAnada0 Area designation for the aggregation of gas

producing fields in the general region of the Texas

panhandle1 southwestern Kansas and the Anadarko basin of

Oklahoma

incremental price cost Same as marginal
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inelastic type of price responsiveness found over certain

range of demand curve where relatively large change in

price will result in relatively small change in the

quantity demanded

injection well well equipped to handle the injection of

fluids into reservoir for the purpose of pressure
maintenance Some of those in the Prudhoe Bay field are

planned to be reversibly used for production and injection

interstate gas Gas transported by interstate pipeline companies

across State boundaries and subject to regulations imposed

by the Federal Power Commission

Interstate Transmission Short title for Interstate Transmission

Associates Arctic an applicant in the Arctic Gas Study

group

intrastate gas Gas produced and sold within the same State
wellhead prices are not controlled by the Federal Power

Commission

joint length of pipe as supplied by the manufacturer prior
to any field welding

Kuparuk River productive formation in the Prudhoe Bay field

expected to contribute additional proved reserves of gas by

1985

leasable area Areas which can be leased for oil and gas

exploitation The major exclusions from this category are

lands within Naval Petroleum Reserve No and the Arctic

National Wildlife Range

liquefaction system The system which lowers the temperature of

the total natural gas supply so as to convert it from the

gaseous to the liquid state

liquefaction train module of the liquefaction system which

liquefies portion of the natural gas supply

liquefied natural gas Natural gas lowered to temperature
which changes it from gaseous state to liquid state

thereby reducing its volume by factor of approximately
625

Lisburne productive formation in the Prudhoe Bay field

expected to contribute additional proved reserves of gas by

1985
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LNG carrier An insulated ship which is able to transport liquid

gas with minimum amount of loss due to liquid gas

vaporization

Mackenzie Delta area The aggregate of petroleum producing

provinces in northwest Canada at the mouth of the Mackenzie

River

marginal The last additional unit of an item such as product
cost or revenue

market group of buyers consumers or middlemen and sellers

producers or middlemen of specific commodity

MCFmile One thousand cubic feet of natural gas moving one mile

through pipeline

methane The principal constituent of natural gas in salable

form that is meeting pipeline specifications In pure form

it has gross heating value at standard conditions of 1012

BTU per cubic foot Its chemical formula CH4 is often

shortened to C1 in industry use

mineral lease The legal grant and its stated conditions of an

exclusive right to exploit the oil and gas accumulations

under tract of land The lessor is the owner of the

mineral rights and the lessee obtains working interest

This usually consists of title to all produced oil and gas

except for that retained by the lessor as royalty for

granting the lease

National Energy Board The Canadian regulatory agency exercising

similar powers to those of the Federal Power Commission over

the construction and operation of natural gas transmission

systems

natural gas Normally occurring hydrocarbon vapor as produced or

as treated to meet sales specifications for interstate

transmission In this context it does not include

synthetic or artificial gas mixtures

Natural Gas Act The legislation which defines the powers and

limits of the Federal regulation applicable to the business

of transporting and selling natural gas for ultimate

distribution to the public Among other things it requires

the certification of new or altered facilities for

interstate transmission and the approval of all rates and

charges made for the transportation or sale of gas moving in

interstate commerce
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natural gas company person or corporation engaged in the
transportation of natural gas in interstate commerce or inthe sale of such gas for resale

net economic benefit See net national economic benefit

net national economic benefit NNEB The result of subtractingthe present discounted value of total costs to the Nationfrom the present discounted value of total benefits to theNation of some Government project or policy

new gas Gas supplies which are not yet flowing or dedicatedand which are added to the existing stock of demonstratedreserves as result of new gas discoveries

Northern Border Short title for Northern Border Pipeline
Company an applicant in the Arctic Gas Study group

North Slope of Alaska potential The aggregate of onshore and
offshore petroleum provinces north of the Brooks Range

old gas Gas reserves which have been demonstrated and have
already been dedicated to interstate or intrastate pipelinesunder specified contract prices

operators interest See working interest

opportunity cost of capital The expected value of the return on
capital from the best available investment opportunity other
than the one under immediate consideration

pad See work pad

padding The placement of select fill material around pipe to
provide protective layer between the coated pipe and theditch in which it is laid or the back fill which covers it

parity price The dollar value per unit of gas obtained by
adding to its energy equivalent price see above for defini
tion positive or negative premiurn which represents the
positive or negative advantage gas has over some alternate
fuel with respect to its convenience of usage fuel
efficiency within the intended use pollution
characteristics and so forth

partial deregulation Within interstate markets the freeing ofwellhead prices for newly discovered gas from Federal Power
Commission controls

permafrost Subsoil which remains frozen for at least two years
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permeability The reservoir characteristic which defines the

capacity of porous media to transmit fluids The degree of

permeability depends on the shape of the pores the size and

shape of their interconnections and the extent of the

latter

Permian basin Area designation for the aggregation of gas

producing fields in west Texas and eastern New Mexico

pool See reservoir

porosity The ratio of the aggregate volume of interstices in

rock to its total volume

porous media Sedimentary rock formations containing sufficient

interconnected pore space to constitute reservoir Also

used to describe an aquifer which is the source of natural

water drive for hydrocarbon production

possible reserve Inferred reserves of producible oil and gas

less welldefined than probable reserves which may be added

to known fields by extensions based on geophysical

indications or by deeper drilling They may also include

new discoveries based on the regional geologic information

and widespread evidence of oil or gas saturation provided by

known fields

potential reserve supply qualitative descriptor which

usually is meant to cover both known and undiscovered

petroleum resources

presen.t discounted value The current worth of future

expenditure or receipt of money after the application of

discount rate which compounds annually

pressure maintenance primary or secondary recovery operation

affording some degree and control over reservoirPre5sUre

decline by regulating the rate of withdrawal or by injecting

fluids

probable reserves Reserves of producible oil and gas

susceptible of being proved by additional well control

whose quantity is estimated on the basis of the apparent

limits to known reservoir imposed by the geologic

structure and the indicated level of water saturation or by

the considerations of other geologic evidence

production profile The pattern of daily average production from

well reservoir or field over period of years

production tax See severance tax
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propane gaseous hydrocarbon normally present in natural gas
but largely removed in processing the gas to meet pipeline
specifications It is frequently referred to as C3 from
its chemical formula C3H8

proved reserves Reserves of oil and gas whose quantity has been
estimated from core analyses and other geologic evidence and
confirmed by engineering tests of completed wells They are
considered equivalent to measured reserves

Prudhoe Bay field area structure geographic feature of
the north coast of Alaska located at the mouth of the

Sagavanirktok River

rate of return The revenues by an investment after all costs
have been deducted from the gross revenues generated
expressed as percent of the investment cost

recovery factor The fraction of an oil or gas accumulation
which is recoverable by specified production techniques

regasification The reconversion of liquid gas into the vapor
state by the addition of heat

reinjection The injection of gas into the same formation from
which it was produced

reserves That quantity of oil and gas which is estimated to be

economically recoverable

reservoir An underground accumulation of petroleum
hydrocarbons Specifically the porous media and fluids
they contain which compose single engineering system
exhibiting measurable characteristics

resource estimate The total amount of recoverable gas
whether demonstrated or undiscovered remaining in the

ground

right-ofway The land necessary to construct operate and
maintain pipeline for the transportation of natural gas
Often used in broad sense to include other property and
easements for ancillary facilities and access

rolledin price The average city-gate price of all existing
contracts for natural gas within certain market area
which typically reflects the impact of large quantities of

relatively low priced gas as well as to much less
noticeable extent the impact of considerably higher priced
gas from newer contracts or from alternate gas sources such
as LNG or synthetic gas
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royalty interest The preemptive right to stated share in all

oil and gas produced free and clear of all production

costs which is retained by the owner of minerals in

granting the right to extract them

Sadlerochit reservoir formation The principal source of

proved gas reserves in the Prudhoe Bay field

salable gas Natural gas treated to meet pipeline specifications

and measured at standard conditions of temperature and

pressure

San Juan basin Area designation for the aggregation of gas

producing fields generally located in northwestern New

Mexico

secondary recovery Any recovery method in which the oil or gas

is produced by augmenting the natural reservoir energy as

by the reinjection of gas or by the injection of water

Commonly called pressure maintenance in the early stage of

developing reservoir

seismic Pertaining to characteristic of or produced by

earthquakes or earth vibration In the latter sense

includes manmade disturbances produced for the purpose of

geophysical exploration

severance tax The tax imposed by state on each unit of oil or

gas produced and sold The tax is paid by each party

according to his share in ownership of the production sold

shrinkage The amount of gas energy or volume lost as result

of the pipeline transportation and the liquefaction or

regasification processes

simulation model computational tool used to investigate the

behavior of reservoir under variety of operating

assumptions and to forecast production rates

snow road pad temporary road or pad constructed by

levelling and packing snow to provide working surface of

sufficient depth and density to support traffic

solution gas Gas dissolved in oil If gas cap exists the

amount of gas dissolved in the associated oil is maximum

for the existing pressure and temperature in the reservoir

spread See construction spread

stringing The transportation of pipe from stockpiles to the

rightofWay and its placement parallel to the ditch

preparatory to welding
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supply The amount of natural gas projected to be made available
to specific regions or the United States as whole under
certain assumptions regarding natural gas prices

supply curve schedule or graph indicating the quantities of
commodity which producers would like to sell at different
price levels

undiscovered resource quantity of oil and gas estimated to
exist outside of known fields on the basis of broad geologic
knowledge and theory

uninflated future dollar value which has not had the effects
of projected inflation removed to make it equivalent to 1975
dollar values

vaporization The conversion of gas from liquid state into
vapor or gaseous state

volumetric determination estimate The determination of the
quantity of oil or gas contained in reservoir Porosity
thickness saturation for oil area temperature and
reservoir pressure for gas are elements in the
calculation

water drive Any process whereby energy for the production of
oil or gas is derived from the pressure of water in the
formation The water may have been in the reservoir
naturally or it may have been introduced for the purpose of
pressure maintenance

wellhead price generally used synonym for field sales price

well spacing The geographic distribution of well locations in
terms of acres per well which determines the density of
development drilling permitted in the light of engineering
and economic considerations

work pad concentration of material either snow or gravel
placed on native soil along rightofway to support
pipeline construction equipment

working interest The interest acquired by the lessee under
mineral lease In oil and gas leases the working interest
most frequently amounts to 7/8 share in the oil and gas
produced

workover Remedial work on an existing well to alter its
completion configuration This may be done to improve its
production characteristics or to change its function from
production to injection
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ABBREVIATIONS

Abbreviations as used in this report are defined below

AGA American Gas Association

API American Petroleum Institute

avg Average

BBL Barrel barrels

BCF Billion cubic feet

BCFD Billion cubic feet per day

BOPD Barrels oil per day

BTU British thermal unit

CFR Code of Federal Regulations

CO2 Carbon dioxide

CPA Canadian Petroleum Association

DM DeGolyer and MacNaughton

Degree centigrade

Degree Fahrenheit

DFNR Discounted value of future net revenue

DGA Diglycolamine

DivOG Division of Oil and Gas State of Alaska

FPC Federal Power Commission

GNP Gross national product

GOR Gasoil ratio

in Inch

LNG Liquefied natural gas

MCF Thousand cubic feet

mi Mile

NA Not applicable

NNEB Net national economic benefit

NPR Naval Petroleum Reserve

OCS Outer Continental Shelf

OD Outside diameter pipe
OM Operations and maintenance

OPEC Organization of petroleum exporting countries

psig Pounds per square inch gauge

ROW Right-of-way

TAPS Trans-Alaskan Pipeline System

TCF Trillion cubic feet

WOR Wateroil ratio

WT Wall thickness pipe
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