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I

PREFACE

In 1968 a significant discovery of hydrocarbons consisting of
roughly 19 billion barrels of oil and 26 trillion cubic feet of
natural gas was made at Prudhoe Bay, Alaska. By lease sales held
in 1968-1969, the State of Alaska sold the basic leases for about
$900 million, reserving for itself a 12.5% royalty interest.
Development of the Prudhoe Bay field and plans for an oll pipeline
commenced almost immediately. This field, which holds the largest
discovered gas reserve on the North American continent, represents
rmughly 10% of proven 1975 U.S. natural gas reserves and more than
a year s supply for all U.S. consumers,

Coeval with plans to develop the Prudhoe Bay field and trans-
port the oil, several companies commenced studies to move the
natural gas to markets in the lower 48 states., The first formal
proposal to emerge and to be filed with the Commission in March
1974 was from the Arctic Gas Study Group, primarily a consortium
of American and Canadian natural gas pipeline companies (although
the original group also included the principal producers),l/ This
group, Arctic Gas, proposes an overland pipeline route extending
east from Prudhoe Bay, crossing the Alaskan Wildlife Range and the
Mackenzie Riveyr Valley, then south through Alberta to the U.S.,
entering at two points, one on the British Columbia-Idaho border
and the other on the Alberta-Montana border. Distribution in the
U.S8. will be through an eastern leg by the Northern Border group
to Dwight, Illinols, and a western leg via Pacific Gas Transmission
Company to west coast states. This pipeline is also designed to
transport Canadian Mackenzie Delta gas and future Beaufort Sea gas
to Canadian markets. A summary statement of the various appli-
catlons 1s set out in Appendix A hereto. See, also, the attached
map, Ex. AA-146, admitted as a late filed exhibit.

In September 1974, a second system was formally proposed by
the El Paso Alaska Company (El Paso). It would move only Alaskan
gas by pilpeline across Alaska to a liquefaction plant at a warm
water port at Gravina Point on Prince William Sound, Alaska, then
by a fleet of liquefied natural gas (LNG) tankers to a California

1/ As finally constituted, this group includes four principal
pipeline applicants--Alaskan Arctic, Canadian Arctic (an appli-
cant before the National Energy Board of Canada)} Northern
Border (a partnership of six natural gas pipeline companies),
and Pacific Gas Transmission Co.



terminal and regasification plant to be operated by Western LNG
Company (Westerm LNG), and then by pipeline and through displacement
procedureg to other natural gas companies throughout the United
States. 1/ No transportation of Canadian Mackenzie Delta gas is
contemplated, A summary statement of these applications also appears
in Appendix A hereto.

In July of 1976 Alcan Pipeline Company filed a third competi-
tive application, seeking certification of a route acrossg Alaska to
Fairbanks, Alaska, then along the Alcan Highway to the Alaska-Yukon
border, then through Canada along the Yukon-British Columbia border,
then south utilizing in part some existing Canadian gas lines in
British Columbia and Alberta, and then to the U.S., border, connect~
ing in the west with Northwest Pipeline near Sumas, Washington and
PGT at Kingsgate, B.C., and in the east with facilities to be con~-
structed by the Northerm Border group at Monchy, Saskatchawan,

This application assumes Northern Border, an applicant in the Arctic
Gas project, would distribute gas in the midwest and east. A
summary statement of Alcan's application is also set forth in
Appendiz A,

As an adjunct to the applications here, one must also consider
the Foothills proposal before the NEB to move Mackenzie Delta gas to
Canadian markets through the so-called "Maple Leaf Project."

The deseription of the applications set forth in Appendix
A is not intended to make findings disposing of disputed issues but
represents only a declaratory statement of what the parties seek.
The gas volumes used are pro forma only.

Pursuant to the Commission's order of January 23, 1975, the
hearing process commenced with a prehearing conference held on
April 7, 1975. 2/ Hearings commenced on May 5, 1976, and essential-
1y have continued almost uninterrupted since that time. A consoli-
dated hearing also was held on the limited issue of west coast LNG
plant siting with the Pacific Indonesia case (Docket No. CP74~160).

1/ Displacement is a method of distribution whereby natural gas
may be supplied from a closer point in exchange for gas else-
where, At its optimum, it avoids physically transferring gas
between markets,

2/ Appendix B hereto sets forth the Commission's orders permitting
interventions Roughly half the States, most of the U.S. natural
gas pipelines, and a plethora of prospective purchasers and other
interested parties intervened.

A restricted service list voluntarily was established for the
purpose of limiting distribution of materials used in the hear-
ing to those actively participating in the hearing process.
Partles not on the list were provided material only on request.




No one disputes that thege apPlications, including the staff
recommended "Fairbanks alternative' overland route, are mutually
exclusive: a grant of any route to any applicant would preclude a
grant to another. The present level of discovered gas reserves e
will justify only one transportation system, and the billions of '
dollars of capital costs for initial construction are simply so
high that it would be cheaper in the foreseeable future to add to
an existing line rather than to commence another.

The magnitude of the physical undertaking and cost of building
a gas transportation system from Alaska apparently exceeds any
prior U.,S, private undertaking. The estimated $8-§11 billion costs
are such that the resolve to go forward will require a financial
commitment over the construction period of a substantial amount of
that funding normally available to all utilities, Even if there is
no miscalculation in the projected level of funds necessary to
complete the project, the volume of both debt and equity capital
required may drive up the cost of other utility borrowing by
"erowding out' the availability of market money for that purpose.
Simllarly, marketablility of the gas is such that a substantial
miscalculation in costs could result either in serious impairment
in the demand for Alaska gas in the market place or force a large
segment of the consuming public to guarantee prices in excess of
available alternative energy costs. Unfortunately, definitive
values to be placed on these considerations cannot be given; the
walues shift with our owm ?eréeptions of the need for energy, our
evaluation of this country's ability to conserve energy or at least
limit its growth, the availability of alternative fuels, and the
economic, social, envirommental and political costs of bringing
other fuels to market.

A, The Record

The record closed on November 12, 1976. It consists of 253
volumes of transcript, embracing almost 45,000 pages, about 1,000
exhibits (some such as the environmental impact statements being
almost 1,000 pages each), and innumerable items by reference.
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Throughout the hearing, an effort was made to require the )
parties to brief issues which appeared to-be sufficiently discrete
that they could be easily segregated. 1/ Thus, for example, briéfs
were submitted early on in such areas as the description of the .
applications and proposed conditions, financial plans and tariffsg, |
LNG liquefaction plant siting, LNG regasification plant siting, the :
PGT proposal to construct a western leg on the Arectic Gas system, -
geotechnical, Canadian law and treaty, and gas reserves. These were
staggered over the late summer and into the fall. Other areas that
were susceptible to such treatment {e.g.,net national economic
benefits, soclio-economic, and general environment}? were not
separately briefed early because of the late announcement and
application of the Alcan proposal and the inability of the Federal
Power Commission enviromnmental staff to file its Environmental Impact
Statement on that proposal until mid-September. A number of issues,
therefore, were dealt with initially directly from the record and
were revised on the basis of arguments made by counsel on brief.
Others, where the briefs contained the positions of the parties,
could not be fully addressed until after the close of the hearing.
All arguments of all parties on all issues have been consldered,
and the fact that some briefs on some issues were not filed until
late has not resulted in any inability to address the position of
the parties on those facts marshalled to support their arguments.

1/ Applications and proposed conditions

Western LNG plant siting

El Paso plant siting

Arctic Gas western-leg proposal

Gas supply

Environment

Geotechnical

Canadian law and treaty

Allocation:; U.S., Canadian

Economics (construction, scheduling, capital costs, cost
of service)

11. Tariff

11(a) Mock-up tariff exhibits AA-133, AP-16, EP-276

12. Soclo-Economic

13. Net national economic benefit

l4. Position of parties other than applicants to all issues

15. Financing

16. Eminent domain

17. Wrap-up on all issues (10~page limit)
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Also, while it has usually been the Presiding Judge's practice
to strike transcript page references from the final draft of the
decision, the needs of the parties to manage this massive record on
short exception schedules dictate that such references remain. A
disclaimer is entered, however, on two counts: first, since time
has not permitted the final decision to be checked in all instances
against the record, there are certain to be errors in transcriptionm,
and, secondly, & reference does not mean that the page clted is the
only or even necessarily the best reference for the fact cited.

B. Qfficial Vygg.

An official view was made in August 1976 of the sites of the
proposed major facilities and pipeline routes of all three appli-
cants. A statement of the itimerary, participants, and general
observations of what was viewed was sexrved by the Presiding Judge
on- September 3, 1976, A nettlesome problem immediately arose
thereafter because the view not only gave an impression of the
physical aspects of the area to be traversed and the sites, but
observation of the area also led to impressions as to the weight to
be afforded some of the evidence which, on its face, was incomsistent
with what was seen, Caribou grazing on fields surrounded by gravel
roads, pipes carrving oil to the pump stations, and oil field con~-
struction and industrial facilitles glves a different impression of
the compatibility of some caribou with industrial areas than the
record might have indicated. 1/ Similarlx an eagle's aeﬁt wit
fledgling birds just a few feet from the lyeska main road to the
Valdez o0il terminal under construction gives a strong lmpression of
at least one set of eagles' sensitivity to man's activities,

A "view,' moreover, is not held in a vacuum and the people
accompanying those viewing are required to identify and describe
what 1s being seen--whether it be to state that a particular bird
seen at Demarcatlon Bay is a ptarmigan or that an animal seen denning
next to a gravel road at Prudhoe Bay is an Arctic fox., Nor can one
lgnore that a question as to revegetation efforts next to the hover-
craft road at the Yukon river crossing near the present bridge

1/ One of the caribou cobserved from the tour bus at Prudhoe Bay
clambered ontec the road a few feet in fromt of the bus when the
bus stopped, crossed in front of the bus, and went to another
field on the other side of the gravel road.
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or a question as to where snow roads had been built (having melted
by August) the past winter will elicit an answer which may go
beyond the mere statement of mileposts or merely pointing to the
revegetation. Observations which might affect the weight to be
accorded testimony of recordwere set forth in the Report of the

0fficial View in order to give the parties an opportunity to evaluate

the material.
C. Lack of Producer Sales Cuntraéts

In addition to being burdened by their pargantuan size and
financial requirements, some aspects of each proposal represent
either a scaling-up of facilities from current commercial levels
(Gravina Point LNG plant and the LNG ships) or a process which may
be at the frontier of the state of the art of construction techniques
{(e.g.,high pressure, 1250 psig and up, buried chilled pipelines or
snow road construction). But these impediments pale when compared
to those problems caused throughout the entire period of the hearing
by the failure of those owning the reserves to enter into sales
contracts-~principally the State of Alaska; Atlantic Richfield
Company; Exxon Company, U.S.A.; and Sohio Petroleum Company.l/This
refusal, by itself, has prevented the expeditious and orderly
examination of sizing of the pipeline, financing, marketability,
and a host of related matters, including digputes as to which
companies ultimately would buy the gas. Only on the last day of
hearing, November 12, 1976, did the State announce sales of its
royalty gas to El Paso Natural Gas Company, Southern Natural Gas
Company, and Tenneco Alaskan, Inc. But even these contracts for the
royalty gas are not effective until ratification by the State
legislature,which is not in session.

The Commission, with certain misgivings, set these proceedings
for hearings absent sales agreements because the national iInterest
demanded expedition. Upon the commencement of the hearings in
May 1975, a running dialogue was instituted with the State of Alaska
and producers seeking, inter alia, to ease them to a position where
they might perceive that thelr best interests coincided with the
national interest to have contracts for sale submitted at the
earliest time during the pending hearings. This effort was
singularly unsuccessful insofar as sales agreements were concermned,
although some progress was made in at least getting the Producer to
discuss these matters on the record. Thelr continued recalcitrance
was the subject of several progress reports to the Commission,and
it became apparent that, on a de facto basls, the Commission would

1/ There is still operative a preliminary agreement giving Columbia

~  Gas a future purchase right to Schic's Prudhce Bay net gas ‘
reserves, subject to agreement on price and other terms. The
gas volume covered by this agreement is presently uncertain,
gsince it depends on a BP Alaska net profits royalty interest in
Sohio's reserves which, in turn, depends on the level of 1977
Prudhoe Bay oil production (Sohio letter of August 27, 1976,
to Presiding Judge, 263/36,933). :




13

not insist on compliance with the ‘general Commission requirement
that the sales agreements be on file before this phase of the
application {s completed, (see, e.g.,Reportsof January 21, 1976,
April 27, 1976 and June 11, 1976).

It also became apparent that unless the producers sell their
natural gas reserves at or about the time that a decision otherwise
was reached on the preferred route, the financing necessary to .
building the line could not take place no matter what the Commission
authorized.

The producers have Iin fact specified those conditions which,
if met, would induce them to sell thelr reserves., These demands,
basically unyielding, are directed to both the Commission and
Congress ~-~-- seeking in the main the prior establishment of a sale
price, a disclaimer of vintage pricing, 1/ and a reversal of
Commission policies Iinterpreted by the producewas requiring that
they guarantee future minimum delivery volumes regardless of
field production capability. 2/

As recently as September 30, 1976, the producers refused to
state categorily that they would enter into contracts to sell the
gas upon the certification of a prime pipeline route, although they
have broadly hinted at how reasonable they will be and how they
would act responsively in the public interest. Their position is
that they are in business to sell hydrocarbons and the only question
is timing. It is timing of the sales agreements, or lack thereof,
of course which has burdened this record. Thus, while stating their
concern for the national interest and the requirements of this
country for energy at an early date, their prime consideration for
early sale turns on other more parochial interests. The only
conclusion possible from their actions is that the national interest
to ARCO, Exxon, Sohio, etc. lies somewhere below their own

1/ A method whereby gas sold at different periods is priced
separately.

2/ Substantial effort was made to see if it would be possible
for contracts to be fashloned which would protect the producers
from pitfalls that they considered inherent in early sales.
These failed, probably because any sales agreement,no matter
how conditioned, could fix a date used by the Commission or
Congress for vintaging.
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economic interest, or at least, the national interest of the U.S8,
appears to them as negotiable in their bid to obtain certain
concessions from the Commission or the Congress in return for their
cooperation in bringing this gas to market. 1/ Admittedly, the
uncertainty of regulation is not as bankable as the 3/4 billion
dollars ARCO, for example, had negotiated as advance payments by
prospective Alaskan gas purchasers before the Commission found such
payments against the public interest. But it shows that the
producers, like G,B, Shaw's dinnertime companion, have a price at
which they would sell their "service,” and all of their protestations
to the contrary cannot hide that they are mainly dickering over price.
The record, unfortunately, now stands with no firm commitment on the
part of any producers to sell natural gas, or even that they will
agree to sell it immediately upon tentative certification of a
successful applicant.

The State of Alaska's role as a royalty owner, taxing agent,
and conservator of its resources is also st issue. The State of
Alaska embarked early on upon a course designed to maximize the
economic benefits flowing to Alaska from its hydrocarbon resources.
This laudable goal for Alaskans, unfortunately, is not always
consistent with the general public interest of all of the people of
the United States. 1t may portend, again unfortunately, a confron-
tation on the merits of an indirect transfer of payments from other
parts of the country to Alaska through excessive payments for
Alaskan hydrocarbons. These are not easy questions: the State's
demands were not crudely put nor outrageous on their face. The
difficulty is that they are also not alw&ys obvious, and it is not
easy to gain a clear picture of the State's demands or whether those
who deal with the State privately are in a position to bargain
effectively for the public interest. Any Prudhoe Bay field
operating plan must be sanctioned by the State, and the producers
may, for example, agree to conditions in the field production
arrangements which could be quite detrimental to long-term
consistent sales of interstate gas.

In addition to the lack of sales agreements, there is still no
approved production agreement for oil or gas from the Prudhoe Bay
Field. A draft agreement was presented to the parties for the first
time on August 18, 1976, some 7 or 8 months after it was first
suggested it might be filed. It will be several months still until

1/ The reasons why the Commission may not have, as yet, set a price
for Prudhoe Bay gas are (1) that the producers and the State have
not definitively stated how much gas will be produced and on what
schedule, and (g} no one has formally requested that a rate be
set.
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State approval will be given. A summary of the producers' technical
report on the proposed operating plan is attached as Appendix C
hereto, It is generally accepted, although Alcan does not agree,
that in all likelihood 2 to 2.5 Bcfd of gas will be produced 5
years after the decision is reached to build the gas conditioning
Plant. But, absent State approval, deliverability remains an .
'unknown." (See Gas Supply discussion infra From the start of
the hearing, the State took the position tkhat it could not force the
producers to submit an agreement. The producers' refrain was that
they were not ready, bolstered occasionally by suggestions that they
were not prepared to resolve ticklish problems on the fixing of
their respective ownership interests in the reserves and that the
production agreement delay was tied into that problem.

The net result of the lack of sales contracts and lack of an
approved field production agreement is that the record has been
closed without a deliverability schedule of gas which will be sold
and without knowing the purchasers of this gas. The record has been
closed without knowing more than the alleged general cost of field
gathering and gas conditioning facilities or who would pay for
them. The record has been closed without specific estimates of
reserves on the Lisburne and Kuparuk formations which are part of
the Prudhoe Bay Field. (See Gas Supply section, infra). These record
deficiencies in the usual case would require that the entire
proceeding be held in abeyance pending their resolution. Here an
overwhelming consensus on the part of the Commission, the Congress
and the Executive Branch has been to go forward anyway and to pick
a pipeline. It is not the best way to make rational decisions.

Given the above considerations, it is amazing in fact that this
proceeding progressed so far so fast. The applications were filed
premature1¥ from any rational regulatory point of view,and the
Commission’'s determination to try the cases without an essential
ingredient represents a regulatory boldness normally not seen. Nor
was this the only area where forces beyond the Commission's control
dictated procedural requirements which complicated the hearing
schedule. The Congressional deliberation on the Alaska Natural Gas
Transportation Act of 1976 (see succeeding section) essentially
dictated consideration of the Alcan proposal--applications filed
almost 2% years after Arctic Gas filed its application, 15 months
after the hearing commenced, and within a few weeks of the then-
scheduled close of the hearing. Materials filed before the Commis-
sion were subject to surfacing again before the Congress, other
Federal agencies, and the Canadian government and Canadian National
Energy Board. No party could afford to leave any inference in this
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record unanswered, for fear it would be used elsewhere, even where,
from an evidentiary point of view, it might believe that the Commis-
sion would not rely upon it, While at times it appeared to the
Presiding Judge that the parties wished to leave no grain of sand
unturned in their quest for "truth,” the fact of the matter is that
this voluminous record contains little material not both relevant
and necessary to the interest of the parties and the public.

D. Marketability

It must also be recognized at the outset that the marketability
of North Slope gas in the lower 4B states several years in the
future cannot now be determined with full assurance, One must
consider unanticipated cost overruns for the construction of a
transportation system, to which must be added the presently unknown
price of gas in the field and gas gathering and conditioning costs.
The actual total delivered cost in the market place could reach a
level which prospective consumers would find unattractive, when
compared with the then-current costs of alternative energy supplies.
Such alternative energy costs will depend, in part, on U.S.
regulatory and national energy policy determinations over the inter-
vening years and on the intervening price movement in international
fuel supplies, principally imported oil (see infra).

E. The Alaska Natural Gas Transportation Act of 1976

Throughout 1975 and 1976 the Congress of the United States
studied the efficacy of passage of a statute to govern the ultimate
certification of these applications through (1} involvement of the
Executive and Legislative Branches in the review procedure and (2)

a conconmitant limitation on judicial review. The Alaska Natural
Gas Transportation Act of 1976 (Alaska Act) was passed unanimously
by the Congress on September 30, 1976, and signed into law on
October 22, 1976 (15 U.8. 719, 90 Stat 2903; attached hereto as
Appendix D with a portion of the legislature history). The Commis-
sion has not yet suspended the proceeding pursuant to procedures
provided by Section 5(a)(l) of the statute.l/ Thus, the Administrative
Procedure Act still applies,and its requirements have been met; this
initial decislon is entered pursuant to the APA and the Natural Gas
ct.

1/ By order issued December 13, 1976, proceedings under the Natural
Gas Act will be suspended on February 1, 1976, or on such earlier
date as this initial decision 1ssues,
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The statute requires that the Commission and the President
discuss a mumber of considerations which are not usually required
in a certificate case. To the extent the evidence permits, they
will be discussed in the initial decision. .The statute also
proscribes certain regulatory options, such as denying equal access
te pipeline capacity and prohibiting of the right of Alaska to
"withdraw'" gas for intrastate use after an interstate sale. These
too are discussed in the context of the ability to finance these
projects and their affect on costs.
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‘ JURISDICTION

The Commission's jurisdiction under the Natural Gas Act over
activities and transactions from the wellhead to the lower-48
distributors is imperfect regardless of which Alaskan gas project
is authorized.

To begin with, respecting wellhead sales in Alaska, juris-
diction is unquestioned only as to interstate sales by the
corporate producers. The State of Alaska resclutely denles
federal jurisdiction over its interstate sales., Transportation
through Canada by Arctic Gas or Alcan would be subject to regu-
lation by the Canadian National Energy Board, although its
standards for rate regulation are generally comparable to those
of the FPC,and the ad referendum treaty (Appendix H, Part III)
provides for equitable allocation of costs between U.S5, and
: Canadian consumers {(see infra Canadian Law section). Transporta-
E tion of LNG by ocean-going vessels, as proposed by El Paso, has
been held by the Commission as not subject to direct regulation.l/
In sum, producer wellhead sales in interstate commerce, trans-
portation of those volumes within Alaska, and interstate trans-
portation and sale of Alaskan gas within the lower-48 states to
distribution companies are the only aspects common to all three
projects which are fully subject to Commission jurisdiction,

While the Commission lacks direct jurisdiction over trans-
portation in Canada or by occan carrier and may lack juris-
diction over sales by the State of Alaska, its duty to inauire
into and weigh the impact of such activities on jurisdictional
proposals is clear, 2/ And in certificating jurisdictional
proposals, the Commission may attach appropriate conditions re-
quired to protect consumers., 3/ Thus, the Commission could, for
' example, attach reasonable conditions to any certificate issued
: to E1l Paso to require that its contract for LNG ocean trans-
portation be consistent with public interest findings.

1/ Marathon 0il Co., Opinion No. 735 issued June 23, 1975,

2/  Public Service Commission of New York v. F,P.C., 287 F.2d
143, 146 (D.C., Cir, 1960}); F.P.C. v. Transcontinental QGas
Pipe Line Corp. 365 U,S, 1(1961).

3/ Henry v. F.P.C., 513 F.2d 395, 403 (D.C. Cir. 1975); Distri-
gas Corp. v. F.P,C., 495 F.2d 1056, 1064 (D.C. Cir. 1974).
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The State of Alaska's position, in the Presiding Judge's
view, is contrary to the law and to effective or equitable regu-
latory control, The sole basis for its denial of jurisdiction
is the claim that a State is not a '"person' within the meaning
of Section 2 of the Act., 1/ Thus, activities which, by their
nature, Congress intended to place under regulation are said to
be exempt when performed by a tate, There is no such gap in
the law,and one should not be created, The producing and energy-
rich tates of the nation, by virtue of their royalty interest
where production is from state land and their increasing pro-
pensity to reserve the right to take that interest in kind, will
have the ever-growing ability to dispose by sale of larger and
larger volumes of gas and will expand such a gap to permit larger
and larger volumes to escape regulatory control, In this pro-
ceeding alone, Alaska has recently entered into contracts to
sell in interstate commerce up to 2,6 Tcf of its royalty gas.

Alaska's jurisdictional argument, moreover, is hardly com-
patible with the Act's purpose to afford consumers an effective
bond of protection against excessive rates 1/ or the intention
of Congress ''to give the Commission jurisdiction over the rates
of all wholesales of natural gas in interstate commerce ..."
(emphasis added), 2/ Furthermore, Alaska's essential premise is
undercut by the holding in F.P.C. v. Corporation Comm'n of
Oklahoma, 362 F. Supp. 522; aff'd 415 U,S, 961 (1974), that a
state agency is a '"person' within the meaning of Section 2 of
the Act and thus the U.S. District Courts have jurisdiction under
Section 20(a) to enjoin its actions violative of the Act or
regulations thereunder. The question of jurisdiction over Alaska's
proposed sales is not squarely at issue in this proceeding, and
the parties have not provided legal argument on the question only
because sales contracts were not filed earlier. The need for the
Commission to give prompt attention to and definitively resolve
the matter is apparent, since any attempt to finance these projects
must be predicated on knowledge of the transactions that are
jurisdictional. 3/

1/ Atlantic Refining Co. v. P.S.C. of New York, 260 U.S. 378(1959).

2/ Phillips Petroleum Co. v. Wisconsin, 347 U.S. 672, 682 (1954).

3/ The same claim by the State of Texas is now pending before
~  the Commission in Public Service Company of North Carolina,

Inc., Docket No. RP76-103. The State of Alaska has intervened
in that proceeding. A finding of jurisdiction there could be
dispositive of the issue here.
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As already stated, Alaska, through its Commissioner of
Natural Resources, has agreed to sell up to 2.6 Tecf of gas to .,
Tenneco Alaskan, Inc, (50%), Southern Natural Gas Co. (25%),
and E1 Paso Natural Gas Co. (25%) and has submitted copies of -
the contracts for the record (ALA~35). 1/ Among other things,
the contracts reeuire the purchasers to actively support and seek
ultimate selection of "a trans-Alaska gas pipeline system” (read
"E1 Paso Alaska') and reserve to the State of Alaska the right
to reduce daily deliveries by -an amount up to 25% at any time
during the first 5 years commencing with the date of first
delivery, 507 during the next 5 years, 75% during the third
5-year period, and 100% after 15 years. 2/ The purpose of such
reservation is to insure that the amount of royalty gas exported
from the State is "surplus'--whatever that means--to the "State's
intrastate domestic and industrial needs'--whatever that means.

- In the event Alaska exerclses its right to take reserved gas, it
will reimburse the purchaser on a pro rata basis for the pur-
chaser's undepreciated investment in facilities upstream of tche
trans-Alaska pipeline. 3/ The agreements may be terminated by
the State in the event the El Paso Alaska project is disapproved,

There can be little doubt that the Commission would decline
to certificate long~term sales in interstate commerce on terms
that would permit the seller, in its sole discretion, to reduce
the level of service in the manner contemplated by Alaska. Sec-
tion 7 of the Natural Gas Act would require the Commission
either at the outset to find such future abandonment in the

&

1/ The contracts are not dated because theilr final execution
is to occur at a future date,although all parties are said
to have agreed upon their terms., Upon reflection, Alaska
decided not to seek a reopening of the record for the
appearance of a state witness with respect te the contracts.

2/ Given the contract terms, such support is entitled to
little weight,

3/ Presumably the facilities referred to are gas gathering
and conditioning facilities in rhe Prudhoe Bay Field.
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public interest or to abide the event and pass upon the question
after hearings at the appropriate future time, This is ewpecially
the case where, as here, the feasiblility of substantial trans-
portation facilities rests in part on the sales in suestion,
Unfortunately, regardless of the jurisdictional issue involved,
the 1976 Alaska Natural Gas Transportation Act would operate to
permit Alasks to withdraw its royalty gas from the interstate
market in the manner which its contracts contemplate (§ 13(b) }.1l/
The result of such withdrawal under these contracts could be the
future idling of up to 12,.5% of the capacity in the El Paso LNG
plant, LNG shipping, the regasificationm plant on the California
coast, and the incremental lower-48 trausportation facilities,

all at the expense of lower-48 consumers, However, imposition

of conditions requiring Alaska to reimburse the just and rearson-
able costs to the other users, if withdrawal is exercised, is
apparently implied within section 13(b), and it would be expected
that the Commission would insist on such reimbursement.

1/ Section 13(b) provides:

"The State of Alaska is auvthorized to ship its
royalty gas on the approved transportation system for
use within Alaska and, to the extent its countracts
for the rale of royalty gas so provide, to withdraw
such gas from the interstate market for vse within
Alaska; the Federal Power Commission shall issue all
authorizations necessary to effectuate such shipment
and withdrawal subject to review by the Cormiesion
only of the justness and reasonableness of the rate
charged for such transportation,"
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GAS SUPPLY

Gas supply is always an important consideration in any
certification case for a new pipeline, In the usual proceedings,
of course, the supply is under contract and the underlying
reserves and deliverability can be ascertained, As discussed,
supra, there are no contracts for sale on file here, but this
is not fatal to this aspect of the case because there is little
dispute as to the recoverable reserves at Prudhoe Bay (discussed)
infra)., Moreover, now that the proposed Prudhoe Bay production
agreement for hydrocarbon recovery has been submitted to the
State of Alaska for approval, coneclusion can be reached as to a
possible throughput of 2,0 Bef/d - 2.5 Bef/d commencing between
1981 and 1983. 1/ The importance of the probability of other
Alaskan reserves, as well as probability of location of future
Alaskan reserves, is also of great concern, If one assumes that
there is a great likelihood of discoveries in Alaska east of
Prudhoe Bay on the North Slope or in the adjacent Beaufort BSea,
a pipeline alignment in that direction would take on added

.significance., An additional factor, of course, is whether one
further postulates that any discovery east of Prudhoe quickly
will be exploited whether or not a gas transmission pipeline
would have previously been built. Large discoveries in Naval
Petroleum Reserve No., 4 (NPR #4) or the Alaska interior may
argue for a different result. Again, discovery near Fairbanks
which would meet Fairbank's needs might modify the position
of either the conservation groups or the State of Alaska,

Unlike Prudhoe Bay reserves, there is no agreement on the
size of the Mackenzie Delta reserves. These reserve figures
are critical to any determination of a choice between these
competing pipelines, for the economic viability of the Arctic Gas
proposal is directly dependent on the ability of the Mackenzie
Delta reserves to deliver significant volumes of gas by 1983,
Each party draws a different conclusion from a projection of
Mackenzie Delta reserves,

An appreciation of prcjected Canadian gas supply from
traditional Canadian supply arcas also is important. These
projections on both Westcoast, AGTL and PGT are necessary for
determining the mneed for additional pipeline capacity, since
the level of Canadian supplies fr'm Canadinn traditional sources
will give some indication of the level thet can be expected for
continued Canadian exports (discussad, infra}. Also, it is
nccessary for an informed decision as to whether Canada needs
frontier gas and when and whether the NEB would favor Arctic
Gas' proposal for bringing Mackenzie Valley Gas to market (also
disgcussed infra).

1/ Techknical Report om Proposed Plan of Operations of the
Prudhoe Ray Unit (ALA-33).
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Also important is the prediction of U,S. production--
particularly in the Permian and Hugoton-Anadarko Rasins, A
reduction in long-term cost would be realized on the El Paso
proposal if substantial volumes of gas were available for dis-
placement from these fields in the future so that equivalent
quantities of Alaskan gas would not have to be moved off of the
west coast, Large discoveries might affect marketability of
Alaskan gas {also discussed elsewhere, infra).

A. Alaska
1. The North Slope (in General}

The North Slope of Alaska encompasses aun 80,000 square
mile area, extending approximately 600 miles from the Canadian
Border to the Chukchi Sea and up to 200 miles from the Brooks
Range to the Arctic Ocean. The North Slope can be divided into
. three regions: in the west, the Naval Petroleum Reserve No.

4 (NPR #4); a central region containing the Prudhoe Bay Field
in the north; and in the east, the Arctic National Wildlife
Range. .

The North Slope has been studied by geologists since the
early 1900%, The first wells were drilled by the U.S. Navy,
which drilled 36 exploratory wells on NPR #4 between 1944-1953,
By the end of 1972, an additional 67 exploratory wells were
drilled on the North Slope. These later wellg penetrated 9,854
feet of sediments per well, which was twice the average depth
of the exploratory wells in NPR #4, 1t is apparent that ex-
ploration on the Slope has only begun: only 110 exploratory
wells had been drilled on the 80,000 square mile area, as of
December 1974 (AA-H); from May 1975 - November 1975, 13
exploratory and step-out wells were drilled on the North Slope
f69/10,542¥; as of January 15, 1976, about 60 "wildcat" or
exploratory wells had been drilled on the North Slope, exclusive
of NPR #4 and the Prudhoe Bay Field,

2. Positions of the Parties

Initial and Reply Briefs were filed specifically on this
subject by Arctic Gas, Alcan and El Paso, while Staff filed only
an Initial Brief and the State of Alaska a Reply Brief., The
producers have periodically responded to inquiries on this issue
to permit a more complete record.

There is no significant disagreement concerning the amount
of reserves in the Prudhoe 0il Pool on the North Slope. All
parties agree that in-place reserves are in excess of 35 Tef,
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comprising a vast finding obvicusly capable of supporting a
natural gas pipeline or ING transportation system to the lower
48 states,

The main disagreements are two: (1) the gas deliverability
levels one can expect from an oil/gas fleld (Prudhoe 0il Pool)
which is rate-sensitive (i.e., gas deliverability levels affect
ultimate o0il recovery), and (2} the extent and location of
undiscovered recoverable reserves that exist in other hydrocarbon
areas of northern Alaska.

First, Alcan estimates a maximum daily average gas volume
in the range of 2.0 Bef/d, while Arctic Gas, El Paso and the
producers estimate initial deliverabilities of 2.0 Bef/d - 2.5
Bef/d., Alcan argues that it is presently unwise to estimate
gas deliverabilities at levels substantially above 2,0 Becf/d.
It bases this conclusion on two related factors: (a) the
Prudhoe Bay Field is rate-sensitive, and daily gas sales above
2.0 Bcf/d may reduce ultimate oil recovery; (b) it is clear
that water injection is helpful, if not in fact necessary, to
attain gas deliverabilities above 2.0 Bef/d without signifi-
cantly reducing oil recovery, and the producers have not yet
proposed to construct a water injection system,

Arctic Gas, El Paso and Staff arpgue that the field will
be operated so as to allow initlal deliverability levels of
2,0 Bef/d - 2,5 Bef/d,” Water injection may 'not be needed to
sustain these deliveries with no effect on oil recovery. If
water injection is required and economically feasible, such an
injection system will be put in place. At that time, the
higher capacity and more readily expandable El Paso and Arctic
Gas pipelines will be better able to handle the increased flow,

Further, Alcan argues that the only other significant areas
of hydrocarbon potential in the north are onshore in the Wildlife
Range and offshore, especially northwest of Prudhoe Bay, and that
these areas are inaccessible, both from technological, economic
and envirommental viewpolnts., Arctic Gas argues that there are
significant reserves located west and offshore north and north-
west of the Prudhoe Bay Field, to which it is as well situated
as the other proposals. Moreover, the potential of areas east
and offshore east of the Canning River 1is most signifiecant,
and only the Arctic Gas route passes through these areas.

Arctic Gas adds that only its system has the configuration and
potential capacity to transport these added reserves. El Paso,
in its Initial Brief, states that additions to existing
resexvoirs in the leasable North Slope area seem llkely to
increase gas sales, However, on Reply Brief, El1l Paso states
that it agrees with Alcan thn»at potential reserves on the North
Slope should be ignored, Staff agrees that the most promising
areas of potentially large gas reserves are the Wildlife Range
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and Beaufort Sea area. Staff argues that Arctic Gas is best
able, in both logistics and capacity, to transport these poten-
tial reserves.

3. Prudhoe Bay Field

a., Description and Drilling History

Most of the proved reserves located to date on the North
Slope have been found in the Prudhoe Bay Field. The Prudhoe
Bay Field is located on the flat-lying coastal plain on the
north-central portion of the North Slope, near the Beaufort
Sea. The field lies approximately 200 miles east of Point
Barrow and 50 miles east of NPR #4, 640 miles north of Anchorage,
120 miles north of the Brooks Range, and 180 miles west of
the Canadian border,

The most significant rock formations in the Prudhoe Bay
Field in terms of hydrocarbon production are, in ascending horizon
order: Lisburne Group carbonates (containing Lisburne 0il Pool);
Sadlerochit Formation, Shublik Formation, Sag River Formation
(together officially designated Prudhoe 0il Pool); and Kuparuk
River sands (containing Kuparuk 0il Pool). The age of the rock
here includes Jurassic, Triassic, Permian and Pennsylvanian.
The Alaska 0il and Gas Conservation Committee has officially
defined the Prudhoe 0il Pool to include the Shublik Formation, the
Sag River Formation and the Sandstone unit of the Ivishak Member
of the Sadlerochit Formation., Most of the information presently
available concentrates on the Prudhoe 0il Pocl, and particularly
the Sadlerochit Formation, since most of the hydrocarbons in
the Prudhoe Oil Pool occur in this sandstone.

“The Sadlerochit reservoir, early Triassic in age, 1is
considered to be a deltaic deposit that varies in thickness
from more than 600 feet in the central and southern parts of the
field to 300 feet on the northeastern part. Lithologically, it
consists of fine-to-coarse-~grained sandstones, conglomerates,
siltstones and occasional thin layers of shale. The accumulation
of hydrocarbons in the Sadlerochit is controlled partly by a
westward plunging faulted anticline truncated on the northeast
flank, and partly by the unconformable Early Cretacilous Unnamed
shale which truncates the formation in the east. Faults are
assumed to be vertical through the reservoir, and all faults
except those that form the boundaries to the reservoir are
considered to be nonsealing, Fluid movement across faults is
considered likely.

The fluid columms in the reservoir are the classical
water aquifer overlain by trapped liquid hydrocarbons capped
with an associated gas column, Within the sandstones, the oil
column reaches a maximum of 460 feet, with up to 350 teet of over-
lying gas cap. Hydrocarbon accumulatlions are encountered at subsea
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depths of 8000 feet-9000 feet., Gas-oll and oil-water contacts gener-
ally lie at approximately 8578 feet and 9008 feet,_respecti&ely."

In the Prudhoe Bay Field, the area of’ the Ruparuk 0il
Pool is 198 square miles, Sadlerochit 480 square miles, and
Lisburne 282 square miles, These areas overlap considerably
so that the areal extent of the entire field is approximately '
660 square miles, Within a defined pool area, there may be a y
considerable amount of acreage that is unproductive because of
irregularities of geology and fluid saturation, This has led
to some confusion as to the stated area of the oil pools. It
is generally accepted that the productive area of the
Sadlerochit Formation is approximately 200 sguare miles.

In 1968, Arco completed two wells located 7 miles
apart in the since-named Prudhoe 0il Pool in Prudhoe Bay Field,
This marked the beginning of exploration in the area., As of
January 15, 1976, 144 wells have penetrated the Sadlerochit
Formation of the field, and four of these are nov capable of
producing., Hoet of the other wells would be capable of pro=-
ducing with some mechawmical pragaration. Thirty-one wells have
penetrated all or part of the Lisburne Formation, and permits have
been issued for five wells that are now drilling or will be
drilling in the near future., Eighteen wells have penetrated the
Ruparuk River Formation, 1/

The gas zone of the Sadlerochit extends slightly inteo
Prudhoe Ray. To date, only one well has been completed beneath
the Arctic CGcean, This well, directionally drilled from an
onshore location, is at present classified as a suspended oil
well, :

Today, there are 13 Interest holders in the Prudhoe Bay
Field, The three major producers are Exxon ~ 8,7 Tcf of proven
reserves, Scohic - 7.1 Tcf of proven reserves, and Arco - 7.08 Tcf
of proven reserves, The exact ownership of éach of the pro-
ducers will not bLe determined until a unitization agreement is
drafted and approved by the State - sometime before oil pro-
duction begins.

b. Prudheoe Qil Pool - Reserve and Deliverabillity Estimates

Several studies have been made to determine the quantity
of gas reserves in the Prudhoe 0il Pool. A comparison of the
Sadlerochit in-place reserve estimates, including both solution
and gas-cap gas, shows the various conclusions to be quite
similar:

1/ The Alaskan Divicion of 0il and Gas, at the end of Qctober
1975, announced that there are 138 oil and gas wells com-
pleted in Prudhoe Bay., The average well there had a
deliverability of 5,000 barrels/d (69/10,542).




27

DeGolyer & MacNaughton ("D&M" - Arctic Gas
consultants) - 35.8 Tcf,
El Paso - 35.1
Vag qui}en (State of Alaska consultants) -
Q.
Core Labs (Alcan consultants) - 41,9

Differences in the salable reserve estimates result mainly
from different recovery and shrinkage factors employed. The
estimates for the Sadlerochit are:

D&M - 20,5 Tef
El1 Paso - 24.3 Tef

In some parts of the fields, the distinction between the Shublik
and the Sadlerochit is not definite, When the Shublik has pay
in it, D&M has included it in the pay counts of the Sadlerochit,
Otherwise, D&M has given very little pay count to the Shublik
formation, D&M also estimated an additional 1.98 Tcf of salable
reserves in the Sag River Sandstone.

D&M employed a recovery factor of 76% for associated gas
and 60% for solution gas, The shrinkage factor was estimated
at 17%, but this included removal of* carbon dioxide, liquids, 2/
and gas utilized for fuel on the lease (9/1238).

1/ 1In a report styled "Prediction of Reserveir Fluid Recovery,
Sadlerochit Formation, Prudhoe Bay Field, January
(Ala-4).

2/ Exxon estimated that the pretreated gas will contain:
methane - 72,92%, ethane =~ 6,9%, propane - 3.72%, iso
butane - 0.58%, normal butane ~ 1.23%, pentanes plus ~
1.42%, Cog9 - 12.71%, nitrogen - 0,51%, with a water content
of 820 1bs/MMcf. The treated gas will contain: methane -
85,11%, ethane - 7,70%, propane - 3,99%, iso butane - 0.50%,
normal butane - 0,73%, pentanes plus - 0.22%, €0y - 1.00%,
nitrogen - 0.75%, with a tentative water content of 0,2
lbs/MMcE,

It is generally accepted that the gas contains 10% - 12%
€0y, As much as 10 million bbl of natural gas liquids
might be produced during the treating stage, without processing.
In addition, a gas-cap gas condensate yield of about 35 bbl
per MMcf of separator outlet gas is expected initially
from the separator facilities, '
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' El Paso employed a recovery factor of 86.6% for both
associated and solution gas and a shrinkage factor of 20%,

including removal of carbon dioxide, evidently liquids, and
"the fuel in shrinkage of the processing" [sic/ (8/1392).

The two reservoir skmulation studies found somewhat lower
recovery factors. Van Poollen determined that gas recoveries '
ranged up to 72.33% of original gas in place for the highest
gas sales rate case of 4,0 Bef/d, Core Labs found gas
recoveries ranged from 39.4% ~ 69,3%. The producers expect
ultimate gas recovery inl the 75% - 80% range, over a 35-year
period. |

Finally, 1t is signiflcant to note that the DOL Report to
Congress (EP~231), using a weighting methodology whereby
probable reserves are discounted 307 and possible reserves
70%, has estimated that expected additions to proved salable
- reserves by 1985 in the Sadlerochit will be 6.8 Tcf.

Respecting deliverability, all parties, save Alcan, have
] advocated a Sadlerochit i&aliverability rate above 2.0 Bcf/d.
‘ The North Slope producers have stated, both in a letter to the
Presidin% Judge and in their proposed plan of operation, that
gas pipeline sales of at least 2.0 Bef will be made whenever a
gas pipeline system and 'gas treating plant are in place. The
producers envision sales up to 2.5 Bcf/d depending upon reservoir
performance. Alcan recq'mmsnds a maximum daily average in the
range of 2.0 Bef/d. For the sake of completeness, detailed
deliverability schedules are inserted below.

D&M postulated a 2.25-Bef/d deliverability (AA-H), based
upon information provided by the producers concerning gas sales
levels they anticipated. The D&M 2.25 estimate includes 1,25
Bef/d of gas~cap gas and 1,00 Bef/d of solution gas, assuming

an oil production of 1,5 million bbl/d:
. Gas Deliveries — MMcf

"

I Avernge

Year , Daily Annusi
. nncamnu i ————————
| 1980 {6 Mas l 2,000 365,000
. 1981 : 2,000 730,000
1982 ; 2,040 744 600
1983 2,250 821250
: 1984 gI 2,250 §21,250
1945 ; 2,350 821,250
1986 ! 2,350 R21,250
1987 2,250 821,756
1088 2,250 /21250
1989 2,250 £21,250
1990 E 2,250 821,250
1991 2,250 821,250
1992 | 2,250 . 821,250
1993 ? 2,250 821,250
1994 a 2,250 821,250
1995 ’ 2,250 R21,258
Total Delivery — MMcf 12515850

i
Total Delivery as Pesgent of :
Safable Gag Reserve 56
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El Paso, using a three-dimensional computer model,
estimated deliverabilities of up to 3.3 Bcf/d (EP=53):

Gas Available

Bil Mroduction, MEHIs/D . iellhead fiac Praduction, MMcE/B to Pipeligg
Year Main Aren West Arsa Total Hain Area Bost Ared ~yotal MMel/D
EY {b) - (e} {4} {e) [£3)] (g) (hl
i 1,191 - 1,101 828 - B28 1/
2 1,190 .- 1,190 800 .- ©800 ) 1/
3 1,190 P 1,190 501 - 801 Y
4 1,501 e 1,501 1,566 - 1,566 1,253
§ 1,498 - 1,498 3,815 - 5,815 3,082
6 1,496 - 1,496 4,106 . - 4,106 3,284
7 1,500 - 1,500 4,078 - 4,078 3,262
3 1,527 15 1,542 4,108 10 4,115 3,292
g 1,500 15 1,51% 4,077 12 4,087 3,270
18 1,272 15 1,287 4,101 10 4,111 3,289
11 © B47 15 862 4,504 11 4,115 3,292
1% h:2:1 i5 604 4,105 11 4,116 3,203
13 467 15 482 4,116 11 4,127 3,302
14 382 18 402 4,110 11 4,121 3,297
1u 346 18 361 4,136 12 4,148 3,318
146 262 15 2. 4,078 12 4,08% 3,272
17 21% 15 2%} 4,485 12 4,107 3,786
18 196 15 211 4,104 13 4,117 3,294
) 19 186 15 201 4,078 13 4,091 3,273
s 20 175 i5 196 4,112 14 4,126 3,301
5 21 172 15 187 4,078 14 4,002 1,274
i 22 150 1% 16% 3,726 is 3,741 2,993
; y 23 119 14 13% 2,746 15 2,761 2,209
| ¢ 2% 36 12 RECS 2,117 15 2,136 1,700
25 72 11 83 1,540 20 1,520 1,21v
; \ 25 83 - 10 63 889 28 917 . 734
- 27 a0 o 49 517 34 s51 441
i 28 34 8 42 322 48 368 294
Production for 28
Year Perdiod:
0i1, Billion g
Bbls. 6.7 .1 6.8 .
Gas, Trillion ) -
€u. Ft. 3.1 0.1 31.2 24.3

1/ Gas injected.

Stafl, using a wmaterial balance equation ratlier thaa a
computer model and making various assumptions, estimated annual
?g%igigies ranging from an average of 2,25 Bef/d - 4.0 Bef/d




Production curmtlacive 041 Annual Gas Cumulative Gas - .

Yeour MEbls, Prodvertion, Mibls .Sales, M3cr Sales, MICF ‘
1977 165,600 165,600

1978 433,000 603,600

1979 547,500 1,151,100

19890 547,500 1,698,600°

1931 547,5G0 2,240,100

1982 547,500 2,793,800 48.6 48,60
1983 547,500 3,341,100 821.25 . 869,85
1984 547,500 3,888,600 821.25 . 1,691.10
1885 542,025 4,430,625 821.25 2,512.38
1986 457,200 4,897,825 821.25 3,333.60
1987 372,300 5,270,125 821.25 4,154.85
1988 328,500 5,598,625 821.25 4£,976.10
198¢% 280,320 - 5,878,945 821.25 3,797.35
1590 239,075 6,118,020 821.25 6,618.580
1991 204,038 6,322,055 §21.25 7,43%.85
1992 173,740 6,495,795 821.25 8,261.10
19G3 148,190 6,643,949 1006.4 9,267.50
1994 126,655 £,770,604 1460 10,727.50
1395 108,040 6,878,644 1460 12,187.50
1896 91,980 6,970,624 1460 13,647.50
1997 78,475 7,049,099 1450 15,107.50
1992 657,160 7,116,259 1450 16,567.50
1989 57,305 7,173,564 1460 18,027.50
2000 48,910 7,222,474 1460 19,427.50

from 1.2 Bef/d - 2.4 Bef/d,
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Core Labs, utilizing a two-dimensional computer model with
rarious operating plans, suggested a build-up of gas deliveries

However, Alcan witness Robert

Keener testified that he recommended to Alcan manapement daily

average gas volumes in the range of 2.0 Bef/d,

This recommen-

dation was based on the Van Poollen and Cowve Lab conclusions that
gas sales above 2.0 Bef/d would affect ultimate oil recovery,
especially if therc is no water injection.

c. Lisburne and Kuparuk = Reserve Estimates

The extent of reserve potential in the Lisburme and
Ruparuk have remained a curious mystery during these proceedings.
Neither the producers nor the State were willing to admit
having addressed the question, basically saying there were more
important things to do and they would get to it later., While
hydrocarbon potential has been established in the ghallower
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Kuparuk and deeper Lisburne, it appears that future development
or complete disclosure of past drilling will be necessary to
establish the producing capabilities of these formations.
State of Alaska witness 0.,K., Gilbreth testified that there is a
significant amount of hydrocarbon reserve estimated in the
Kuparuk, although the Lisburne remains a large question mark.
(96/14,787-788), The DOI Report to-Congress (EP-231) estimated
3.9 Tcf of "Probable" reserves in these formations and 7.1 Tef
of "possible" reserves. Using their weighting methodology,
the Report concluded that there are 4.9 Tcf of salable reserves
expected to be proved in these formations by 1985. TFor all this
record knows, there could be a deliverability of as high as
0.5 Bef/d by 1982 from these formations,

d. Prudhoe Bay Field - Deliverability Considerations
and Conclusions

All parties agree that it is impossible to determine
precisely, at the present time, the daily deliveries to be
expected from the Prudhoe Bay Field. The main reasons for this
uncertainty are that there is no production histary for the
reservoir, it is rate-sensitive, (i.e., the rate of gas
deliveries will affect ultimate oil recovery), and, of course,
neither the producers nor the State have favored the public with
a definitive plan of operations.

A key factor in the recovery of hydrocarbons is pressure
maintenance in the reservoir. Pressure maintenance can be
achieved by aquifer response, gas reinjection, produced water
reinjection or source water injection. An aquifer is present
in the Prudhoe reservolr, and produced water reinjection will
be employed. 1/

It has also been assumed that gas reinjection will occur
until the time that the gas pipeline is completed. This
reinjection gas, serving to maintain reservoir pressure, will
enhance 0il recovery. At the time that gzas pipeline construction
is completed, it has been assumed that only produced gas above
the projected sales levels will be reinjected. There has been
some discussion on the record concerning the possibility that
all produced gas could be reinjected for an indefinite period
after the gas pipeline is completed., 1Ii nov seems clear that

1/ The Van Poollen study (Ala-4) found tlat a aquifer cou-
taining about 1,8 trillion barrels of watex occurs downdip
o the hydrocarbon-bearing depogit, =l Paso witness A.M.
Derrick testified thnt about 7 billion barrels of water will
be produced during a 28-ycar period (9/14392),
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such reinjection methods would not be detrimental, but would
actually increase oil recovery., There is disagreement over the
fuel requirement of reinjecting all produced gas.

It now seems clear, at least from the producers' pro-
posed plan of operations, infra, that gas will be made available
for sale at the time of gas pilpeline completion. However, there
is still some uncertainty. concerning the amount of gas that can
and will be sold without adversely affecting oil recovery.

The highly-regarded Van Poollen Report (Ala-4), confirmed that
the rate of gas production will affect the ultimate oil recovery.
While Van Poollen determined that highest oil recoveries were
obtained under conditions of water injection and no gas sales,
he also found that these higher ranges of oil recovery can be
approached under conditions of 2.0-Bef/d gas sales and water
injection, if certain operating limits are changed, Moreover,
while increasing gas sales above 2.0 Bcf/d for a given maximum
sustained oil rate resulted in successively reduced oil
recoveries, the higher recovery rates can be reached by further
water injection (96/14,761-764).

Given the aforementioned characteristics of the field,
it appears that the producers will not opt for gas sales. above
2.0 Bcf/d until further analyses and reservoir performance
studies demonstrate that higher sales levels will not jeo-
pardize oll recovery., However, the producers have submitted a
technical report on their recommended plan of operations
(Ala-33), which indicates the production strategies they intend
to follow (see Appendix C), The plan will be submitted to the
Alaska 0il and Gas Conservation Committee for approval, pursuant
to that agency's duty to regulate the operation and production
of wells for conservation purposes, The producers state that
once the necessary pipeline and conditioning plant are in place,
gas deliveries of at least 2.0 Bcf/d will commence. No one at
this time questions the producers' statement that there is a
4-6 year lead for constructing the gas conditioning plant. The
volume itself is termed as conservative, and they state that
initial gas deliveries of up to 2,5 Bcf/d may be justified
without affecting ultimate oil recovery. Produced water will be
reinjected into the field, and the producers cite studies
indicating further potential for increasing oil recovery by
implementing a source-water injection program. However, at
least two years of testing are said to be necessary after the
field goes into o0il production before the final decision is
made to construct source-water injection facilities. 1In
approving the plan, an issue may exist between the producers
and the State as to the need for, and timing of, source-water
injection,

The vast weight of the evidence is that between 2,0 Bcf/d -
2,5 Bef/d of gas will be available initially from the Prudhoe
Bay Field. Although the uncertainty conceming: reservoir
performance and the possible necessity of source-water injection
preclude exact estimates, the projections of Arctic Gas,
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El Paso and Staff, in addition to the plan of operations

proposed by the producers, support a finding of initial
deliverability of 2,0 Bcf/d - 2,5 Bef/d. The presently proved
reserves in the Prudhoe Cil Pool are clearly able to support

the aforementioned deliverability volumes. Clearly the decision
to increase deliveries over the minimum 2.0 Bef/d or to construct
a source-water injection system (about $1 billion) will involve
economic trade-offs which will be analyzed initially by the
producers and the State.

In addition, if one includes the estimated Sadlerochit,
Lisburne and Kuparuk additional volumes of 11,7 Tcf by 1985
(EP-231), it is obvious that the 2.0 Bef/d - 2,5 Becf/d estimate
is indeed conservative, .

4, Other North Slope Reserves

While the conclusion has been reached that initial sales
of 2.0 Bef/d - 2.5 Bef/d are likely from the Prudhoe Bay Field,
the evidence of record suggests that sales appreciably above
this level will be available from the North Slope region,

Estimates of potential reserves on the North Slope, other
than Prudhoe Bay, have varied considerably. The Division of
Geological and Geophysical Surveys (DGGS) of the State of Alaska,
in June 1974, stated that "speculative recoverable gas' for the
onshore area of the North Slope totaled 41.8 Tcf, while offshore

as potential in the Beaufort and Chukchi Sea provinces equalled
%6.5 Tcf. 1/ The Potential Gas Committee estimated, in 1973,
that the '""speculative potential gas supply" on the North Slope
totaled 75 Tcf. The United States Geological Survey found, in
1975, /the "undiscovered recoverable resources'" to be between

19 Tcf - 99 Tcf. 2/ Finally, EP-231, again using a weighting
methodology, estimates North Slope additions by 1985 at 8.4 Tcf,
excluding the Wildlife Range, NPR #4, and the Prudhoe Bay Field.

There are several specific repions of the North Slope which
could logistically support additional deliveries into the
systems of one or more of the three pipeline applicants. 3/

1/ DGGS defines 'speculative recoverable resources' as those
which are completely undiscovered and which after discovery
can reasonably be expected to be produced using present
technology and economic conditions.

2/ "Speculative potential gas supply' and ""undiscovered re-
coverable resources' approximate '"speculative recoverable
resources,'" Exxon's answers to interrogatories state that
the USGS estimates undiscovered reserves on the North Slope
to be from 14 Tcf - 49 Tcf.

3/ All parties agreed that the interior basins of Alaska do not
contain promising amounts of gas (about 2 Tcf),
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0f course, Arctic Gas, because of its larger potential capacity
and cheaper expansibility, would be best able to transport the
additional volumes from any North Slope source,

Alcan, not surprisingly, presented the most conservative
appraisal of potential North Slope fields, Alcan witnesses
James Lowell and Gary Newman testified vigorously and persua=~
sively that a Prudhoe~type structure is unlikely to occur any-
vhere else onshore west of the Wildlife Range and in particular
NPR #4, Lowell estimated 14,5 Tef in the range and 10.5 Tcf
scattered in smaller onshore structures west of the range,
including only 58 Tcf in scattered fields in NPR #4 {201/
34,386} . % Witness Lowell testified that the probability of
another Prudhoe-type accumulation is greatest offshore,
especially northwest of Prudhoe Bay. 1f one accepts Alcan's
estimate as the minimum amount of potential reserves existing on
the North Slope, the result still leaves areas of significant
reserves, onshore east of the Canning River and offshore in the
Beaufort Sea, Logistically, without regard to capacity, Arctic
Gasbwould be in the best position to transport these hydro=-
carbons,

Other witnesses were mbre vptimistic concerning North
Slope fields, particularly NPR #4, NPR #4 is a 22~-million
acre area in the western gection of the North Slope~-~ roughly
the size of Indiana, Only 36 exploratory wells were drilled by
the Navy from 1944-1953 in this area, when efforts were suspended.
Both oil and gas were found in these early efforts, but reserves
were not deemed large enough to warrant a pipeline to transport
them. Between 1953-1974, the only drilling was in the Sout
Barrow Field, a few miles east of Barrow, where currently seven
producing gas wells provide energy to all federal agencies and
urban populations in the Barrow area. The Arab oil embargoc in
1973 prompted Congress to establish an exploration program in
NPR #4, This $7.5-million program is designed to determine
locations and magnitudes of oil and gas accumulations during a
7-year time frame begimming in 1974, Plans call for drilling
26 test wells. To date, two of thesge wells have been drilled.

Congress recently passed, and the President signed,
P.L. 84-258 ('National Petroleum Rescrve in Alaska,” 42 USC
§ 6501 et seq.). This statute designates NPR #4 as a 'national
petroleum reserve' and transfers administration of the area
to the Secretary of the Interior as of June 1, 1977, 8§ 6504
of the Act provides thet the Navy shall continue the ongoing
petroleum exploration program until June 1, 1877, at which time

the fecretary gf the Interior shall commence further petroleum

1/ Alcan witness Lowell testified that the chance of finding
another Prudhoe-type structure in NPR #4 is dim, since in
his opinion the geological ingredients of a Fermian-Triassic
reservoir in most of the area and its contact with the lower
cretaceous scurcing shales are missing (201/34,284-390),
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exploration, g 6504(d) (3) stateg thot the Secretary shall
report annually to the Congress on the progress of the ex-
ploration, 8 6505 provides that the President shall direct the
appropriate agencies to determine the best procedures to be
used in the "development, production, transportation and
distribution” of petroleum resources in the reserve, This
statute should substantially encourage exploration efforts in
the reserve. ) T

Today, hydrocarbon potential in NPR #4 remains uncertain,
Lieutenant Commander Todd Reuling of the United States Navy
testified that proved reserves in NPR #4 are 167 Bcf, which
represents about 0,16% of total estimated gas supply therc,

Lt. Comm. Reuling stated that the Arctic Institute of North
America concluded that potential gas in NPR #4 totaled 78,65 Tef,
assuming a low potential recoverable oil estimate of 14.3 billicn
bbls, However, DOT witness Max Taves testified that, in a yet
unpublished study, potential reserves in the area are estimated
at only 14.3 Tef (175A/29,089-090).

In sum, while the hydrocarbon potential in NPR #4 is pre-
sently unclear, the possibility of large finds in that area
remaing, Logistically, all 3 gpplicants could profit from
reserves here, although Arctic Gas could most readily handle
the additional volumes, while Alcan would be at a severe
pipeline capcity disadvantage,

B. Mackenzie Delta Area

1., Description and Drilling History

The Mackenzie Delta hydrocarbon-bearing area is located
roughly at Latitude N, 680-70° and lLongitude W, 1330-137° in
Canada's Northwest Territories. 1t is centered at the juncture
of the Mackenzie River and the Beaufort Sea, and extends into the
sea. The entire Delta area is 15,000 square miles.

Geologically, the Delta area can be described as a north-
ward-plunging, graben-like depression in which accumulations
of Mesozoic and Tertiary clastics attain thicknesses over
30,000' at the northern extremity of the basin. Approximately
one-half of these sediments are Cratacecus and Tertiary in age.

Prior to 1970, exploration for hydrocarbons in the Delta
area was limited, Early exploration did result in minor shows
of oil and gas from discontinuous sandstone in the area. It
was the announcement in 1970 that the Imperial 0il Atkinson Point
H-25 well flowed oil that resulted in a rejuvenation of interest
in the area and intensified drilling activity. As of June 1,
1876, 73 wells had been completed in the Delta area; 21 of these
were completed as gas producers, 4 as oll, 5 as gas and oil, and
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43 dry wells, This is an overall success ratio of 41%. (AA~118),
There were then 5 or 6 additional wells being drilled in the
area, :

Many of the well completions occurred prior to December
1974, Between December 1974 and July 31, 1975, 9 developmental
wells were drilled, of which 4 were successful, Morecover
11 "wildcat' wells were drilled, of which 1 was successful
(79/12,115-116; 80/12,270), - Up until July 31, 1975, all the
drilling was located in 8 fields:; Taglu, Parsons Lake, Adgo,
Mallik, Niglintgak, Reindeer, Titalik, and Ya Ya. Of these,
Taglu and Parsons Lake are the most significant, with Taglu
being located in the northeast section of the Delta area and
Parsons Lake in the southeast section, Taglu is the only field
to date for which field limits are fairly well defined. :

Between July 31, 1975, and June 1, 1976, drilling activity
continued at approximately the same level as in prior years.,
During this most recent period, 8 wells were drilled in existing
fields, of which 6 tested oil or gas and 2 were dry. Also,

2 new offshore field discoveries were made=-~ Garry and North
Netserk fields (Arctic G#s witness E. A, Olson, 178/29,585). 1/

Numerous areas remain untested in the delta area, parti-
cularly in the Beaufort Sea,which is known to have large
structural features with hydrocarbon potential, To date, the
Delta area has had a drilling density of only slightly over one
well/200 square miles, Today, the three major producers in the
dzlta area are Gulf, Imperial and Shell,

2. Pogition of the Parties

The briefs encompassing Alaskan gas supply, described supra
also discussed the Mackenzie Delta, ¥Foothllls also filed Inxgiai

and Reply Briefs on this issue.

Arctic Gas argues that all proved, probable and possible
reserves from the g delta fields must be considered in certifi-

cating a pipeline, 1t is proper, it says, to consider all these
reserves because the intensity of drilling to date in the delta

has been relatively slight; Arctic Gas considers it realistic

,

1/ Olson's description of the July 31, 1975-June 1, 1976,
drilling differs somewhat from that offered by El Paso
witness Dayne Adams, Adams agreed that 10 wells were
completed during this periocd, but stated the results were
5 oil and gas, 4 dry and 1 tipght gas well without reservoir
porosity (160/26,348-351), Unfortunately, neither the
Adams nor the Olson testimonies exactly coincide with AA-118,
the Arctic Gas exhibit identifying all Mackenzie Delta
drilling activity.




37

toe assume that by the time the pipeline is flowing, all these ,
reserves will be proved and additional discoveries will be made.
Finally, Arctic Gas argues that early access to the Mackenzie '
Delta reserves is in the best interests of Canada and the United
States,

El Paso maintains that only proved reserves from the 3
largest flelds shoull be considered in this proceeding. Citing
an alleged "discouraging trend” in recent delta discoveries,
El Paso argues that even the DeGolyer & MacNaughton (D&M)
proved reserve figures may be speculative, total reserves are
likely to remain constant- in the future, and it is only
economically feasible to connect the 3 largest fields at this
time. 1In the alternative, El Paso argues: (1) that if a
discounting methodology is used, the lower proved reserves
estimate of the Canadlian Petroleum Assccilation should be
employed; (2) if the Commission considers proved and probable
reserves, a discounting methodology should be used,

Foothills agrees with Arctic Gas that proved, probable
and possible reserves must be considered, although it uses
the terminology of '"most likely treferves." However, Foothills
argues that the development of the Mackenzie Delta is of no
immediate urgency to Canada, since recent indications are that
Canada's domestic demand will not exceed its supply from
established sources until the late 1980's., It argues that

increased discoveries would alseo attenuate the need for quick
develooment.

Staff advocates the weighting methodology originally
appearing in the Department of Interior report te Congress
(EP-231). This technique considers proved reserves plus 70%
of probable reserves plus 30% of possible reserves. In addition,
Staff argues that access to delta gas will be of considerable
interest to Canada in the near future, since traditional domes-
t.ic supplies will be below the total of Canadian domestic
demand and exports to the United EStates. The issue of NEB
approval of a Mackenzie Delta lateral will be discussed in the
Canadian Law and Policy section of this decision.

3., Reserve and Deliverability Estimates

Arctic Gas hired D& to do a volumetric study of gas
reserves in the delta area. Classifying reserves into proved,
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probable and possible 1/, D&M estimated salable gas reserves
from 8 nackenzme Delta flelds, as of July 31, 1975:

FildorArea  Proved  Probable Possible TOTAL ' Lihe

Line
1 Adgo 78,280 58,511 111,903 248,694 1
2 Maltik 60,044 100,880 276,600 437,524 2
3 Niglintgak 315,421 146,391 195,001 656,813 3
4 Parsons Lake 531,790 538,780 413951 1,484,521 4
5 Reindeer 5,294 5414 7,315 18,023 5
6 Taglu 2,728,191 61,799 0 2,789990 6
7 Titalik 10,131 45,022 123,000 181,153 7
8 Ya Ya 97,316 60.604 234000 391,920 B
TOTAL 3,826 467 1,020,401 1,361,770 6,208,638

(MMef at 14.73 psia and 60°F) (AA~33) 2/

It is instructive to note the effect of recent drilling
periods on reserve totals. The drilling from December 1574w
~July 31, 1975, had the effect of increasing proved reserves
from 3.775 Tef to 3.826 Tcf, but decreasing total reserves from

1/ (1) Proved - rescrves proved to a high degree of certainty
for commercial production by reason of actual completion,
successful testing, or secondary recovery operations,

{(2) Probahle - reserves defined by less wellw-control than

proved reserves; based on evidence of producible gas and
0il within the limits of structure or reservolr above known
or inferred water saturation.

{2} Tossible - reserves congidered to be less well defined
hy structural control than probable reserves; may be baged
cn electrical-loa interpretations and widespread evidence
cf crude oil or pas saturation,

2/ Al thz gas included in the D&M estimate is non-associated,
and a recovery factor of 80% or 85% was used for most of
the fields, A shrinkage factor of 5% was employed to
arrive at salable resesrves, This shrinkage figure indi-
cates liquid removal and reflecis the extremely dry
nature of the gas.
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6,571 Tcf to 6,208 Tef. The reserve estimates cited above have
not yet been updated to reflect the 'most recent: drilling
period - July 31, 1975-June 1, 1976. Arctic Gas witness E.A.
Olson testified that the main effect of this recent drilling
has been to substantiate D&M's éstimates in presently delineated
fields. He expects much of the '"probable'" and "possible' re-
serves will be moved into the ''proved" category., El Paso
witness Adams could not speculate whether the actual reserve
estimates of D&M would be changed by the recent drilling, but
le suggested that '"what will be added /to proved reserves/ will
just about cover what will be deleted'™ from probable and
possible reserves (160/26,378-370; 26,435). "

Sproule and Associates, acting as consultants for Canadian
Arctic, presented a reserve estimate before the National Energy
Board, A comparison between D&Y and Spoule, while showing
some varilations between fields,only exhibits a difference in
proved reserves of 1/10 of 1% and a difference in total
reserves of 1% (89/13,4351),

D&M, on the bases of its reserve estimates, calculated
what it considers to be a conservative deliverability schedule.
Based on a take of 1 MMcf/d fotr evety 7.3 Becf of proven, probable
and possible reserves, D&'s l5=year deliverability estimates
as of July 31, 1975, are (AA-33):

Daily Peak Day Annual
Annual Average Deliveries Wet Gas

Deliveries Deliveries End of Period Production

Year (MMcf) (MMcf/Day} {MMcf{Day) _(MMcf)
I 312,111 855 2,259 328,558
2 SVRITE 855 2,156 328,538
3 312,111 855 ' 2,053 328,538
4 312,111 855 2,059 328,538
5 312,111 855 1,860 328,538
6 312,111 855 2,020 328,538
7 312,111 855 1,814 328,538
8 312,111 855 1.807 328,538
9 312,111 855 1,601 328,538
10 312,111 855 1,574 328,53§
11 312,111 855 1415 328,538
12 307,517 843 1,265 323,702
13 282,189 773 1,323 297,041
14 269 885 739 1,176 284 090

15 253,381 694 1.024 266,717
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In addition, Arctic Gas argues that further discoveries
in the delta area will support initial deliverability levels of
1.25 Bef/d and subsequent levels of 2.25 Bef/d by tge fifth
vear of operations,

El Paso dld not introduce an independent Mackenzie Delta
reserve study, Moreover, it did not strongly contest the
accuracy of DéM's reserve figures. Rather, El Paso disputes
the use of the figures in the D&M deliverability schedule. 1/
Arguing that there 1s speculation involved even in the proved
reserves and that recent drilling has not been encouraging
in developing additional reserves, El Paso maintains that only
proved reserves from the Taglu, Parsons Lake and Niglintgak
fields should be employed in a deliverability schedule, The
result is g significant reduction in delivered natural gas,
based on a 20~year schedule (EP-241):

Schedule Showing s Comparison of E1 Pase Alasks and Alasken Aretie
Gas Foreeast of Sulable Gas Production from a)l Fields
ox Arcas from which Alaskan Arctic Gas Propoass to

Purchase Cas ju the Mackenzie Dalta Arza,
Nopehwest Territories, Canada

All Voluges in M'cf per Day at 14.73 paia and 60° F.

El Paso Alsaks Forecase

Fres Areas wiek From Areas with
Suffiotent Reserves  Inmwufficient Reserves Alaskan ATcise
o Warrant Pipaline to Warrant Pipeline . Gas Fipeline
Yesr Connections Donnectiany 2 / Tots} Forecast
(=) *) N {) i) {=}
1 487.4 34,6 522.0 85,0
2 487.0 .6 521.8 : £5%,0
3 4B6.7 .6 521.% a55.0
4 456 .4 M6 521.0 550
5 486.2 M.6 520.8 - E85.0
[} 335.0 .6 530.6 25%.0
7 . .8 513.2 855.0
E g;o.s .6 BL.5 855.8
1’ vl 6 . Me &®30.3 a55.4
ig 455.3 M.6 483.5 858.0
11 442.1 54,6 4337 A55.0
12 ae3]7 . 3.5 476.2 " sax.p
13 £3r.8 . 3.0 471.8 173.0
i 415.7 2.3 A4l G ¥39.08
i3 5.1 3o.a ig.9 511.6
53 163,86 9.4 3880 -
17 335.0 7.9 366.9 : -
18 310.3 26.0 6.3 ' -
is 84,3 3.9 308.2 -
0 253.7 . 20.1 279.8 -
Beginning Reserve, hef 3575.4 251.2 356, 6 6208 6'
Frodurtieon For Papdcd, wof  3025.D 23%.3 33283 4828
Ressining Rescrve, hef 480, 4 i7.9 L $736.0

.

Heie: Alaskan Arctic Gas Pipoline Forecast of Salable Gas Production
iz based un proven, probible #nd possible reserves for
fiftesn (i5) yenr periad.

!/ See next page,
/ See next page.
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4, Discussion

a, Existing Fields

Arctic Gas, Foothills and Staff have shown that "proved,"
"probable" and "possible" reserves from the 8 presently
exigting fields must be considered in these proceedings.
Development drilling activity in the two mest recent drilling
periods has served to shift reserves to the ''proven” classifica-
tion, and there ls every reason to expect this trend to continue,
Moreover, the process will likely accelerate as drilling,
spurred by a Mackenzie Delta pipeline certification, increases.
Finally, it is unreasonable to include only 3 fields, as El
Paso suggests, Iin the determination., Many of the other fields
have sizable total reserve estimates, and there is a substantial
likelihood that as development continues, additional reserves
will be proved and these fields will be tied into the system,

In assessing probable and possible reserves, a conservative
waeighting methodology, endorsed by Staff and described in
EP-231, should be employed., This technique assumes, by its
very nature, that not all "probable" and "possible" reserves
will become proved, As stated supra, the weighting method
discounts probable reserves by Eﬁ% and possible reserves by
70%. In the instant case, based on D&{ estimates of July 31,
1975, the totals are 3.83 4 0,70(1,020,401) -+ 0.30 (1,361,770) =
4.95 Tef, Using a rate-of~take of 1:7300, initial deliverability
is 0.68 Bef/d.

b. Future Supply

The eight Mackenzie Delta productive fields or areas
discovered through July 1975, reflected in the D& study, will
be capable of delivering about 0.7 Bef/d by the time Canadian
Arctic's operations commence. As noted above, on a contract

1/ (Footnote from previous page)

El Pasc makes the argument the D&{ deliverability schedule is
defective in that it simply assumes a contract rate-of-take of
1:7300, whereas the El Paso schedule is based upon the capa-
bility of the fields to produce, The fact is that both
schedules show deliverability consistent with the contract
iate for a considerable period of years before decline sets

11,

2/ (Footnote from previous page)

El Paso does not include the Reindeer field under this
heading, since it considered 1its 5.3 Bcf of proved reserves
too small to warrant a forecast of deliverability,

o
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rate-cf~take basis of 1:7300, this deliverability implies the
proving up of additional reserves for a total of about 5.0 Tef
in those fields by that date,

However, it would be totally short-sighted and unrealistic,
in view of the potential of the area and the long lead times
involved in this project, to rest the case, as only El Paso
urges, on the proposition that no additional reserves from new
fields or areas can he relied upon to be forthcoming by the time
operations commence, say 1982, or within a reasonable time
thereafter. The recordusimply will not permit the conclusion
that exploratory drilling activity in the Mackenzie Delta area
is either on the verge of coming:to a grinding halt or, if
continued, will be totally fruitless.

While the Commission need not, and in the past commonly
did not, look beyond the level of proved reserves in making
findings respecting gas supply in every certificate case, it
is apparent that there is neo inflexible pelicy which requires
one to ignore facts which strongly recommend consideration of
gas supplies not yet proven. In Arkansas Lousiana Gas Co.,
47 FPC 583 (1972), the Commission in fact gave weilght not only
to discounted estimates of probable and possible reserves in
existing fields, but to the general potential of the overall
province as well. In reaching its conclusions In that case,
the Commission stated (at 587):

While we share the preference of these intervenors
for obtaining reserve information which is precisely
measurable, we believe that the evidence in this
proceeding supports the reasonable reliability of
the reserve estimates. We have here exercised our
judgment on the basis of the evidentiary record, and
on the estimates it contains of undeveloped reserves
and probable potential reserves, and, to a lesser
extent, of possible potential reserves, Given the
concurrence of all parties in the view that the

Deep Anadarke Basin holds exceedingly rich reserves-
on the order of 60 trillion cubic feet, given the
Examiner's scrupulous assessment of the reserves
dedicated to Arkla, field by field, and given,
finally, the fact that the days of abundant supplies
of natural gas are, at least for a time,behind us,
we think it reasonable to grant a certificate based
upon the Examiner's reserve conclusions in this
proceeding,

Likewise, in the circumstances of this proceeding, an
attempt must be made to reach an estimate of likely future
deliverability from reserves now proved and those to be proved
over the next several years. Such exercise of judgment,
however, must be based on evidence of what can reasonably be
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expected to occur. Cf. Memphis Light, Gas and Water Division v.
F.P.C,, 504 F. 2d 225, 234-735 (D.C., Cir. I9/4.} Needless to say,
where projections are based in part on reserves as yet undiscover-
ed, reasonable expectations should be conservatively framed.

There is no challenge on the record to the assessment that
the Mackenzie Delta, onshore and offshore, constitutes a major
gas-bearing province with very substantial potential reserves in
the early stages of exploration. D&M has estimated potential
recoverable reserves in the Mackenzie Delta area out to a water
depth of 36 feet in the Beaufort Sea to be approximately 50 Tcf
(Item AA-H, p. 27). TFoothills, in its presentation before the
NEB, has estimated a somewhat lower Mackenzie Delta potential of
39 Tcf (FPL-1). Dome Petroleum, which is already drilling beyond
the 36-foot depth level, has estimated upwards of 250 Tcf in its
testimony before the NEB concerning potential recoverable oil and
gas reserves in the Mackenzie Delta/Beaufort Sea Basin. 1/
Reasonable men must, of course, view such estimates of potential
undiscovered gas reserves with great caution; but even if the
least of these estimates is discounted severely, the inescapable
conclusion remains that a large resource base exists and that
substantial additional gas reserves can be discovered over the
next several years. '

The extent to which such reserves will in fact be discovered
will depend on other considerations. The construction of a gas
transportation system into the Mackenzie Delta will obviously have
a stimulating effect on drilling in the area: this has typically
been the result of the extension of marketing facilities into
promising oil and gas-producing provinces. The long-term energy
policies implemented by Canadian authorities, especially with
respect to provision of adequate producer price incentives, will
also unquestionably have substantial impact on drilling activity.
While one cannot presume to advise what these policies should be,
it hardly seems likely that if the Canadian government should
approve the construction of a gas transportation system into the
Mackenzie Delta on the basis of pending applications, it will
fail to provide and maintain the regulatory climate conducive to
optimum exploitation of that system, The record indicates that
recent natural gas price increases in Canada have resulted in a
" significant increase in exploratory activity in the traditional
western producing provinces. While a similar impact has not yet
been perceived in the Mackenzie Delta area, the allocation of
financial resources first to the traditional areas with marketing
facilities in place is merely good business practice, especially
in light of the long lead times involved in any Mackenzie Delta
project. .

1/ Dome commenced its Beaufort Sea drilling program in the summer
of 1976. No results have yet been announced respecting the
two wells being drilled.
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This does not mean, however, that there has been a hiatus ' i
in exploratory and developmental drilling activity in the '
Mackenzie Delta. Drilling activity during the 1975-1976 winter
drilling season continued at approximately the same pace as in
prior years and is expected to meet or exceed that level in

the 1976-1977 season (178/29,585-9).

As of June 1976, 73 wells had been completed in the area,

The first successful gas well was completed in the summer of 1971.
Prior to that time, 4 dry holes had been drilled (AA-118). In
the 4-year period from the completion of the first gas discovery
well to the June 1975 date of the D&M reserve study, a total of
3.8 Tef of proved reserves had been discovered, an average rate
of nearly 1 Tcf per year. If over the following 7 years, proved
reserves are conservatively projected to be discovered at an
average annual rate of only 0.6 Tcf (roughly two~thirds of the
- earlier rate), the proved reserve total would amount to roughly

8 Tef in 1982, sufficient to support a deliverability of about

1 Bcfd on the basis of 1:7300 rate-of-take. Such conservative
findings rate would result in discoveries of about 11 Tcf and
would support deliverability of about 1.5 Bcfd by 1987, the fifth
operational year. Total findings of this magnitude by 1987 would
require discovery by that time of about 28% of the 39 Tcf potential
reserves estimated by Foothills before the NEB, or slightly more
than 207 of the D&M potential estimate.

The foregoing considerations support the finding of a .
reasonable likelihood of Mackenzie Delta deliveries of not less ‘
than 1 Befd in the first year of operations and 1.5 Bcfd in the
fifth year. In reaching this conclusion, no weight has been given
to the much more optimistic estimate of potential reserves made
by Dome Petroleum. Nor does the conclusion depend upon a sub-
stantial acceleration in drilling actilvity which can be expected
to occur with approval of a transportation system: 1f the average
exploratory level of prior years is maintained, the necessary l
reserve additions can be achieved even if the average annual g
findings rate declines. Further, these deliverability figures
reflect the taking down of reserves at a rate~of-take of 1:7300,
although the evidence shows that faster rates of take could be
achieved; thus any temporary shortfall in findings could be
offset by higher depletion rates.
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CONSTRUCTION AND GEOTECHNICAL

It must be understood at the outset that none of the
applicants proposes to build a system based upon a new technology.
The basic Prcposals are to use known technology and to adapt,
"scale~up," modify or improve that known technology. While in
many instances the very nature of '"scaling-up' creates engineering
and construction uncertainties, and while some of the equipment
may not yet be commercially available, the key consideration is
that no equipment or processes need be developed from scratch
in order for any of the projects to be viable, This is not to
say that the construction programs and techniques often will not
be at the very edge of the applicant’s present ability to build
its system or to mitigate unavoidable environmental damages. This
1s true, for example, of considerations as diverse as construction
by all three applicants of buried, chilled gas pipelines in perma-
frost, revegetation of alpine or coastal tundra, fabricating a
ditching machine or snow machinery equipment larger than any
built before, achieving novel, higher fuel efficiencies in gas
liquefaction, or bullding 165,000~cubic meter LNG ships. The
evidence shows, however, that notwithstanding whether a construction
plan is cost-effective in the time frame allowed, it 1s techmnically
feasible to build these plpeline systems and to do so 1n an
environmentally acceptable manner. The purpose of this section
is only to examine the major construction and technical problems
associated with each proposal. Construction and operating costs,
while incidentally discussed here, are discussed in the next
section.

The first argument of each applicant, of course, is that the
others have insufficiently studied the geotechnical ramificatlions
of their construction proposals, have inadequate knowledge of the
environment to permit effective engineering and construction
mitigation, and lack experience with new technology. They argue
that, as new Information 1is developeds there is the likelihood that
substantial modifications of their competitors' plans will have
to be made, that some of these modifications will result in a
slippage of time schedules, and that most changes will require
additional capital costs. Each, of course, claims that its own
project suffers no such impairment while strenously arguing the
inadequacy of the other proposals, All three projects will build
some pipelines under wintertime conditions, but only Arctic Gas,
Alcan and El Paso argue, will not be able to do so efficiently
and effectively because its schedule requires continued
construction through each of the winter months, Alcan argues that
its 1250-psi pipe can be run at 1440 psi, although it made no
such case, and criticizes Arctic Gas and El Paso, whose design
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also calls for operating pressures in excess of those currently

in practice, for not using as conservative a design as Alcan,

Both Arctic Gas and El Paso attack Alcan for 1ts almost superficial
showing on both geology and the environment and state that there
will be substantial delay before critical underlying drilling and
field studies can be undertaken, much less analysis of the results,
Arctic Gas tars El Paso with the same criticism for that portion
of El Paso's route through the Chugach National Forest and for

the lack of in-depth studies, for example, as to the effect of
putting heated cooling water into Prince William Sound, And so

on and so on. These type of arguments insinuate themselves
through virtually every technical issue, not just the construction
and geotechnical matters addressed in this section, and the
decision as to each must be considered not only as to its feasi-
bility but also as a part of the reliability of the construction
schedule proposed and the cost associated therewith,

One other matter must be addressed here. None of these
applicants wants to build a pipeline which is technically poor,
environmentally unsound, and so costly that the merchandise being
transported is outpriced in the market place. They would not
deliberately build, even if the regulatory authorities and the
lenders would let them an unworkable transport system useless
for all tasks except baﬁkrupting the sponsors.l/ “The geotechnical
criticisms of each of these applicants’ plans must be leavened
with the understanding that while there are substantial
differences among the experts and engineers, their motives were
to design workable projects which they individually believe can
be accomplished within the state of their art. The dispute, in
other words, is among competent engineers and scientists, and
while only a Pollyanna would blindly adhere to their views,
1gnoring their planning and merely suggesting that they will be

"surprised' by unanticipated events is unwarranted.Z

Nor can the following section be viewed as the final disposi-~
tion of those englnaeriﬁg issues relating to technical specifica~
tions of ships, pipe, seismic design, etc. The appropriate
regulatory authorities having expertise and the legal mandate to
authorize particular modes of construction {(whether it be 165,000~
cubic meter ships, approved by the U.S8. Coast Guard or the Bureau
of Ships, or new specification of pipeline, approved by the

1/ See Financial section Infra.

2/ References to the Titanic to describe the "super-ditcher”
(203/34,891) or suggesting that all work stops during icefogs
when it does not (203/34,785) are the prejudices of the
lawyer and do not reflect the planning of the engineers.

The Titanic was also used to describe LNG ships %51/7602)
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Department of Transportation) will make the final decision as to
the propriety of utilizing this technology. The discourse here
is to its technical feasibility on the basis of the evidence
submitted and whether each applicant has made its case that the
technical aspects can be accomplished. :

As already stated, each proposal carries on its back its own
load of burdems and troubles, Each project will be analyzed,
therefore, on those substantial construction and geotechnical
problems associated with 1t.

A. Permafrost

Common to all three applicants are the significant
difficulties associated with construction through permafrost and
discontinuous permafrost areas, whether in the summer or winter,
While the discussion below 1s not intended to be a primer on the
subject, it is intended to give an indicatlon of the level of
concern for construction difficulties,

Pirst, permafrost refers to the state of the soil -«
frozen or unfrozen -- and not to the composition of the soill.
Permafrost is defined as ground that remains frozen (below 329F))
for the entire year.l/ Discontinuous permafrost refers to areas
where some ground is continually frozen and some is not and, in
so~called Yfringe'" areas, the frozen areas could change over a
period of years. The existence of ice is unimportant for
definitional purposes, but its presence or absence is of extreme
importance to Arctic construction. (See 5T-26, pp. 74-79.) In
the far north, where the summers are short, most of the earth's
ground remains frozen all year except for the active surface layer
which may thaw only to a depth measured in inches. See,infra,
snow-road discussion.

From a pipeline engineering and environmental point of
view, the prime consideration is whether the soll in an unfrozen
state 1s rhaw-stable or thaw-unstable. In either the perma-
frost or discontinuous permafrost area,construction of a hot gas
plpeline, the usual mode of plipeline construction, could cause
thaw settlement if the ground were not thaw-stable, and the
construction of a chilled gas pipeline would avoid thaw settlement
as a problem in the permafrost area. Using that same terrain for
a chilled line, however, could present frostheave problems.

The very soils sought for a hot oil pipeline, for example, would
often be the ones to avoid for a chilled gas pipeline. Degrada-
tion of the vegetative covering in either permafrost area, moreover,

17 See ST. 2&, a glossary attached to the DOI-FEIS.
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can cause :hermokarstingﬁ/ and this ma{ result not only in
environmental damage but also in instability of the pipeline.

Since thaw settlement problems have been encountered in
pipeline construction in the past, it is the "frost heave"
phenomenon which 1is most significant new problem from an engineering
point of view. In the most simple scenario, certain soils primarily
in the discontinuous permafrost zone, will perwit water migration
through the soil to the buried pipe. The pipe has chilled gas,
below 329F., and as the water migrates to the pipe, it freezes when
it encounters the frost bulb formed around the chilled pipe. If
conditions are conducive, ice lenses would form around and under
the pipe,causing frost heave. Frost heave theoretically could
push the pipe out of the ground or buckle the pipe. Summer
construction presents different concernms, since the ditch may be
subject to deterioration by melting if in lce~rich soils. Pipeline
construction requirements, of course, may differ depending upon
water migration and the engineering to avoid frost heave, including,
among otheér items, prevention of water migration at each point and
the;bhaﬁnéllin%; overburden, and avoidance of certain solls.

Arctic Gas will encounter about 250 miles of soils susceptible to
frost heave, Alcan 100, and El Paso between 30 and 100.

The phenomenon was addressed in the applications, in the
impact statements, and by many geological and construction witnesses.
Substantial time has been devoted throughout the hearing process
to pinpoint the effect upon the plpeline and whether the Arctic
Gas research effort, the primary research effort undertaken in
the whole area, gives sufficient conflidence that frost heave can
be overcome. All of the experts believe it can be done,but the
final configuration of ditch design and specific engineering for
each condition on each pipeline section affected has not been
completed.

B. High-Pressure Pipe

Arctic Cas, El Paso and Alcan all propose to operate their
pipeline systems at maximum pressures substantially in excess of
levels currently in use in the industry. Nothing in the record
suggests that these higher operating pressures cannot be achieved
wlth pipe adequately designed for the purpose. This is not to say,
however, that Alcan can rellably and economically achieve its
suggested performance at 1440 psig with pipe ostensibly selected
to operate at a maximum pressure of 1250 psig. It is found that

1/ Progressive deterloration of the surface until a new
equilibrium of heat exchange is established.(See also St.24.)
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the operating design pressures are logical extensions of existing
pipeline operations and can be achieved here by those applicants
making proposals to operate at the higher pressure.

C. Arctic Gas ~Technical Feasibility and Construction
schedule

As noted previously, the Arctic Gas proposal calls for
4,500 miles of pilpeline extending from Prudhoe Bay through Alaska
and Janada to termination points in the lower 48 states. OUne
hundred ninety-five miles of the pipeline would lie in Alaska and
would run along the northern coastal plain and, to a significant
extent, throug% the Arctic Wildlife Range. At the Zlanadian
Border, the Alaskan portion would intercomnect with the Canadian
line, which would thereafter merge with the incoming Richard's
Island line at Tununuk Junction in the Mackenzie Delta and continue
south to Caroline Junction, Alberta, Eastern and Western legs
would then transport the gas to points of interconnection with
facilities of PGT and Northern Border at the U.%.-Canadian border
The Canadian operation would span a total of about 2,300 miles.
The remaining wiles of pipeline would lie within the lower 48
states.

This section assesses the rechnical feagibility of the
Arctic Gas project and the viability of its proposed construction
schedule and, derivatively, its capital cost estimates. Consistent
with the history of these proceedings, attention is focused
throughout this section on that portion of the proposed Arctic
Gas system which will run from Prudhoe Bay to Caroline Junction,
Nature lays the ground rules here, and the question to be answered
is whether or not, through advanced technoclogy and proper alloca-
tion of resources, Arctic Gas can meet its objective without
violating these rules. Section 1 is devoted to a general review
and evaluation of steps undertaken by Arctic Gas to minimize risk
in connection with the construction and operation of its pipeline.
System design is considered first in an effort to gauge system
reliability, Thereafter, Arctic Gas' construction schedule is
scrutinized in an effort to test the hypothesis of Green
Construction Company that completion of this portion of the Arctic
Gas project will be delaved by 2 years or more.

, Arctic Gas' planned use of snow roads for winter construc-
tion has attracted criticism from various camps. Concern has
been voiced as to the technical feasibility of these roads, given
the task to be accomplished and the time allowed, and as to the
lasting detrimental effect, if any, which the snow-road operatiom !
may have on the Arctic tundra. The issues are complex and merit
special treatment: accordingly, a special subsection (Section D,
infra) has been reserved for this purpose.
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Similarly, Arctiec Gas' proposed crossing of the Mackenzie
Delta raises specific questions, both environmental and geo-
technical, which pertain to that segment of the project alone.
Those questions will also be addressed in a separate subsection
(Section E, infra).

1, Bvystem Desiegn and Maintenance

If the design of the system 1s not technically
feasible, the construction schedule is irrelevant. The 48~inch
pipe which Arctic Gas intends to comstruct between Prudhoe Bay
and Caroline Junction will be the largest ever used to transport
natural gas, and the 1680 psig of maximum operating pressure which
Arctic Gas intends to use to force the gas through the pipe will
exceed the thrust of any gas plpeline now in existence in North
America. In addition, the Arctic Gas pipeline will be traversing
environmentally sensitive areas of permafrost, discontinuous
permafrost, and southern fringe between Prudhoe Bay and Caroline
Junction. Special care must be taken, therefore, to insure
both the integrity of the terrain and the delivery system involved.
The record demonstrates that Arctlec Gas has met its responsibility
in this respect., Arctic Gas has conducted several experiments to
verify the efficacy of its plan to chill 1its pipeline below 32¢F.,
as necessary, to maintain compatibility with the soil (19/2919-
2932). Arctic Gas has developed and tested a model to predict
frost heave (154/25,305; 218/38,101-102) and is actively engaged
in research aimed at perfecting methods by which the effects of
this phenomenon can be eontrellef (246/42,917-920; 154/25,304-305;
Exhibit AA-12: Slusarchuk, p.6)../ Arctic Gas has conducted
extensive stress analysis (173/28,432-448) and has developed an
impressive array of design criteria by which to condition the
line to endure foreseeable stresses and strains (173/28,440-441).
Arctic Gas has consulted a seismic engineer and has been advised
as to the level of seismic resistance which should be built into the
pipeline and related facllities (Exhibit AA-12, Newmark, p.3).
Finally, Arectic Gas has developed design techniques, including
revegetation, for controlling drainage and erosion along the
backfill mound {(AA-Q, Section II.D., p.l1l9 and Section II.E.,, p.39:
Exhibit AA-~12, Dabbs, pp.4-10).

0f the myriad of points raised by the competing
applicants in these geotechnic briefs, several points merit
individual treatment:

17 For example, Arctic Gas has determined that, where the chilled
pipeline undercuts flowing stream beds or intercepts under-
ground aquifers, Insulation will be used to keep the frost
bulb from growing too large and thereby causing the invasion
of frost-susceptible soils (20/3140; 19/2980).
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a, Crack Arrestors

Arctic Gas' 48-inch 0.D. pipe will be operated
at 1680 psig and at a stress 'level of 0.72 tgmes specified minimum
yield strength ( SMYS ). The unprecedented combination of forces
at work within the pipeline has led Arctic Gas to take certain
precautions designed to reduce the R?ssibility of an incapacita-
ting fracture of the pipeline wall.l/ To begin with, Arctic Gas
has included in its pipe specifications a requirement that the
pipe be strong enough to absorb a defect of 6.5 inches or less
without fracturing. Through inspection,Arctic Gas should be able
to detect defects of much smaller size. Finally, hydrostatic
testing will augment Arctic Gas' ability to locate and correct
defects prior to actual usage of the line (Exhibit AA-12, Purcell,
pp. 17-18; 245/42,630-42).

Recognizing that the duration of an outage will
Increase with the length of a fracture which does in fact occur,
Arctic Gas has also taken steps to prevent fracture propagation.
Fhe danger of a running brittle fracture has been minimized by the
1se of steel which behaves 1n a ductile (flexible) rather than
>rittle fashion at the operating temperature of the pipeline
(Exhibit AA-12, Purcell, p.18; 245/42,629). Propagating ductile
fractures, although rare (245/42,649-651; 221/38/638-639; 22/38,764),
aire also a proven phenomenon which, in Arctic Gas' view, should be
ontended with. As a consequence, Arctic Gas intends to install
rrack arrestors at intervals of 300 feet along its pipeline to
Limit the length of any break (171/28/145-146). Arctic Gas' witness
Jon Rosenberg described this crack arrestor as a tight-fitting,

[/ To put this Issue In perspective, Mr. James Wallbridge, an
Alcan witness, stated that the ductile fracture propagation
characteristics of high-pressure, large-diameter pipelines is
at the edge of metallurgical research., There are no '"correct"
metallurgical answers. Mr, Wallbridge believed the possibility
of this type of fracture, however, was so small that he would
not recommend designing against it (252(2)/ 44,230). Neverthe-
less, the parties forged ahead with evidence and rebuttal on
the subject, The fact is that use of crack arrestors 1is a
conservative answer to the possibility of this type fracture,
and crack arrestors were also used by El Paso. The ultimate
decision presumably would be made by the Department of
Transportation's Office of Pipeline Safety which will decide
if they are needed and if they should be installed.
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welded sleeve around, but not welded to, the pipe (245/42,630).1/

Testimony of Arctic Gas' witness Price indicates
that crack arrestors imcrease stresses by the equivalent of 8,000
psig (245/42,634). This increase produces a deleterious effect on
the ability of the Arctic Gas line to withstand flexual stresses
{caused by frost heave), in that it exposes the pipe to wrinkling
at a lesser degree of curvature than would otherwise be the case
(245/42,635). Alcan submits that this phenomenon is per se
detrimental, in that it imposes additional design constraints.
According to Dr, Price, however, the degree of curvature necessary
to cause wrinkling of the pipe with crack arrestors attached is
substantially beyond the maximum allowable curvature under
preliminary Arctic Gas design criteria (245/42,635), thus
obviating the need for design modification.

Alcan further argues that the increased stress
attendant to the use of crack arrestors can be a source of fracture
initiation or reinitiation. In support of its position, Alcan
refers to a burst test conducted by Arctic Gas in which an
artificially induced fracture was reinitiated on the far side of
a crack arrestor after the pipe had been thrown out of the ditch
due to the tremendous pressure release caused by the rupture
(222/38,788).

Be that as it may, a review of the evidence
disproves the theory that crack arrestors tend to exacerbate
propagation of a ductile fracture. On the contrary, crack
arrestors performed efficiently in three other burst tests docu-
mented on the record. In two of these, the fracture was initiated
only 12 feet from the crack arrestor and travelled toward it at
maximum speed (245/42,630).2/ The unsuccessful test described
above merely demonstrates that crack arrestors are not foolproof,
i.e., reinitiation may occur despite the presence of an intervening
crack arrestor. To draw from this test the inference that crack
arrestors do not serve a useful function -- indeed, that they are
somehow detrimental -~ is patently erroneous.

1/ As stated earlier, El Paso also proposes te install crack
arrestors,but its design is a ribbon of steel around
3 feet of pipe at several hundred-foot intervals. Somehow
Alcan interest only seemed to run to Arctic Gas' design, although
if El Paso's is a provable design, it would be used by Arctic Gas.

2/ These tests were conducted at about 68° (245/42,689), admittedly

above the temperatures at which these arrestors would be
functioning in the Arctiec. The rates of velocity experienced
in these two tests (1150 and 1500 feet per second), however,
were significantly higher than that (1000 feet per second)
experienced in the third test, which was conducted at a
representative lower temperature (Id.).
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b. Seismology

4lcan asserts that Arctic Gas' presentation has
been deficient in its treatment of seismic risk, noting that
Arctic Gas' evidence on this subject was sponsored, not by a
seismologlst but by a seismic design engineer whose expertise
qualifies him to design against known risk but not to determine
the nature of the risk in the first place. The record discloses,
however, that Arctic Gas' witness Newmark's design criteria were
established on the basis of credible historical records showing
seismic hazards along the route (Exhibit AA-12, Newmark, p.3).
Although the North Slope is not known to be seismically active,
evidence presented in DOI's Exhibit ST-27 shows a potential for
earthquake activity of Richter magnitude 5.5 along the Alaskan
North Slope, 6.5 .In the vicinity of Fort McPherson, Northwest
Territories, 7.0 along the Canadian North Slope between MP285 and
MP291, the western edge of the delta crossing, and 6.0 along the
Canadian mi}n line between MP410 and MP655, a distance of some
245 miles,*/ These are basically moderate values, particularly
when compared to logarittm values of over 8 in Southern Alaska.
In light of the difficulty in pinpointing epicenters of past
earthquakes and the dearth of knowledge as to which faults may be
seismically active and which inactive, it is not possible to find
that any section of the Arctic Gas project is totally risk free,
By the same token, Dr. Newmark's seismic design is zone-specific,
rather than site-specific and appears to make more than adequate
provision for all contingencies. His uncontroverted testimony
indicates that the degree of seismic safety of the Arctic Gas
system exceeds that which {s currently required for newly construe-
ted pipelines (Exhibit AA-12, Newmark, p.5).

Alcan also refers to the observation in Exhibit
§T-27, p.793, to the effect that seismic shocks could cause some
soil liquefaction in the eastern delta region., As discussed in
the cross-delta construction section, infra, soil testing has
shogﬂ the probability of liquefaction In this area to be slight
at best.

In its Geotechnical Reply Brief, El Paso suggests,
as an aside, that the integrity of all three systems would be
critically and equally affected by a seismically induced failure
at Gravina Point, the argument being that Gravina Point failure
would likely be accompanied by a failure at the Valdez oil
terminal, the effect of which would be to halt production of oil
and associaled gas at Prudhoe Bay. Whatever the degree of parity
between the seismic risk at Gravina Point and Valdez, it is
nevertheless clear that, following a seismically caused mutual

1/ Richter scale: The range of numerical values of earthquake
magnitude. In theory there is no upper limit to the magnitude
of an earthquake, but the strength of earth materials produces
an actual upper limit of slightly less than 9. The scale

is logarithmic (ST 24, p.28) .See also STS1, pp. 26 and 27.
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outage, use of the Alyeska equipment at Valdez should be restored
more expeditiously than use of the highly more sophlsticated
equipment at Gravina Point. El Paso's risk is therefore paramount,

c. Qff-Season Repairs

Dual pipelines are installed at river crossings
and the entire Shallow Bay crossing to avoid outages and the
need for immediate repair if an accident should occur. (See also
infra, Cross-Delta discussion.) The likelihood of a pipeline break
1s not great, however, and statistically, the chance of a pipeline
break is calculated on a conservative basis of one break every 10
years or so on that pipe in permafrost areas (170/23,081).

Spring or summer repalr may arise, however, in an
environmentally sensitive locale along the Arctic Gas pipeline,
and, 1f it were to occur, it would probably occur during those
seasons of higher thermal activity (170/28,081). The worst
case situation i? a break on a non-dual pipeline section in the
permafrost area.l’/ Extensive evidence has been presented to show
that, through system design and use of sophisticated transport
equipment, Arctic Gas has kept to a minimum the chance of
nermanent geological damage or extended interruption of supply,
even if the unlikely break should occur. As noted supra, crack
arrestors in all likelihood'will be placed at 300-foot intervals
along the pipe to limit the length of any break and thus the number
of lengths of replacement pipe necessary. WNecessary personnel,
thought to number about 50 or 60 for a significant repair operation,
could be obtained from the operating and maintenance staff of the
pipeline and/or contractors elsewhere and flown to location within
a day  (171/28,142). Arctic Gas has several helicopters available
to transport men and small equipment to the rupture site
(170/28,082). Heavier equipment, including sideboom tractors and
a crane for ralsing and lowering pipe and backhoe and blade
vehicles used for excavatlion and bhackfilling, could be transported
to the scene via low ground pressure (LGP) vehicles or air cushion
vehicles, depending upon the terrain to be traversed (170/28,082-
083). The repair operation would, in the most extreme case, be
completed within 1 week (Id.). Mr. Dau admitted that use of
such vehicles would be expected to cause some damage to the tundra,
but he also stated that the damage would not be irreparable
(171/28,146).

d, X~70 Pipe
El Paso admonishes that the X-70 grade pipe which

1/ If the break occurred during the late spring or summer, it
would be during a period of lessened consumer demand,
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Arctic Gas proposes to use in constructing its pipeline above the
49th Parallel has not yet been approved for use by the Department
of Transportation's Office of Pipeline Safety, as required under
the Commission's regulations before a certificate can be issued, The
pipe, of course, represents no new technology in metallurgy or
manufacture. El Paso's observation is correct but not determinative.
It is clearly the responsibility of the Administrator (under the
Alaska Natural Gas Transportation Act) or this Commission to insure
that the pipeline ultimately approved for use in transporting
Alaskan Gas to the lower 48 states meets applicable safety
standards, and any successful applicant will be held to such
standards,

Z. Construction Scheduling

The Arctic Gas construction schedule contemplates
a 6-year period between receipt of initial governmental authoriza-
tion to construct its project and commencement of gas flow. Actual
construction would not begin until the winter of the fourth year
and would be completed by the end of the sixth winter. Under the
Arctic Gas Plan, the Alaskan and Canadian portions of this
construction will be carried out by nine "spreads, a spread being
a unlt of manpower and equipment which is given responsibility for
fabricating one or more stretches of pipeline and related facilities.
The spreads are denominated A through I and are shown by geographi-
cal assignment in Exhibit AA-83, The manner of movement of a
spread is perhaps best illustrated in Exhibit AA-132, Figure 18
(using Spread A as an example). Construction on portions of the
Arctic Gas pipeline below Tununuk Junction will proceed throughout
the three construction winter and two intervening summer periods,
while the North Slope portion of the pipeline (above Tununuk
Junction) will be laid wholly within the final winter period.
The North Slope portions will be constructed by six spreads (three
in Alaska, three In Canada) working simultaneously, each with a
seasonal goal of some 65 miles of pipeline. These six spreads
will have spent the preceding 2 years working on portions of the
Arctic Gas line below Tununuk Junction.

No one who has heard or read this record wpuld believe
that winter-construction--October to March--in the Arctic is a
pienie. Arctic Gas construetion in the Arctic will occur only in
the extended winter, characteristic of which are wind-chill factors
sometimes exceeding -100°F. and prolonged darkness }Exhibit ATA-2,
pp. 13-15, Exhibit ALA-12, pp. 7-12; / 14,890-894; 13,082-086;
Exhibit 5T-19, pp. 62; 223). The record contalns extensive testi-
mony showing the relative success, or lack thereof, of some winter
construction efforts in other cases and worker capabilities in
general (34, 569-573; 34/515-534; 34, 877-878; 34, 555). Arctic
Gas claims that building on prior experience of others and its
own regearch, coupled with planning, to reduce surprises, will
pgrmit it to meet construction schedules under these harsh condi-
tions, g .
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Arctic Gas' heavy reliance on winter construction, it
is argued, subjects_{t to billion-dollar risks in the event of
construction delay,-/ especially if that delay occurs in conmnection
with Arctic Gas' North Slope construction during the third and
final winter period. Recognizing this liability, Arctic Gas, in
rebuttal testimony and exhibits introduced into evidence on
October 12, 1976, revised its construction budget upward by about
$210 million (Exhibits AA-130, 131). This capital cost increase
was assigned to facilities and activities designed to enable Arctic
Gas to meet its construction deadlines in Alaska and Canada (Xd.).
Arctic Gas' witness Dau also made clear Arctic Gas' willingness
to incur additional costs ($118,000,000) in order to avoid delay
but submitted that, for the most part, this would be unnecessary
(233/40,530-549) . '

Arctic Gas' ability to complete its project according
to schedule is determined by two variables: the number of working
ddys available and the ability of each spread to achieve its
assigned productivity rate. The number of days available is
briefly discussed below in connection with welding and is more
comprehensively treated in the Snow Roads subsection to follow. The
ability of a spread to achieve its productivity rate depends upon
Arctic Gas' ability to move supplies and equipment to the construc-
tion sites and the ability of the construction spreads to expe=-
ditiously dig and fill the pipeline ditch, lay and weld the pipe,
and move the overall operation from one point to the next along
the route. The record contains substantial evidence to show that
Arctic Gas will be able to carry out each of these phases in
timely fashion and so complete its project on schedule.

1/ Green Construction is not a disinterested "expert" as represen-

ted by El Paso (e.g. Rebuttal Economic Brief (22)). Among
other things, Green is a participant in boosting Alaskan develop-
development (166/27,164). The opportunity to bid on construc-
tion of 800 miles of pipe if El Paso wins, as against 180

miles for Arctic Gas, cannot be totally dismissed either.
"pisinterested" is too strong a word to describe its alleged
impartiality.

Green estimated that 2 years' delay would cost on the order
of $2.5 billion -additional, this amount being primarily
attributable to the capitalized cost of AFUDC (Ex. EP-237,
p. 65 and EP-267, Sheet 1 of 4; 166/27,156; 183/30,744). The
method of figuring the delay, moreover, was dg51gned to
maximize the penalty for noncompletion in a given year by
assuming that no mitigative measures could be taken in the
year of occurrence and by assuming that delay was always
cumulative -- a delay in the first year was tacked on at

the end and no credit was given that the delay would be made
up in the next construction season. The general limits of
the risk analysis is discussed in the next section.
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1

a. Risk Analvses Criticism

Some 44 pages of the El Paso Reply Economic Brief are
essentially a review of the Arctic Gas construction schedule and
logistics quantitative risk analysis of. the Arctic Gas project
performed by Green Construction, in conjunction with Decision
Sciences and Pritsker and Associates, and presented in Exhibits
EP-237, EP-255, and EP~267. The purpose of the earlier studies,
which were commissioned by El1 Paso, was to demonstrate the
potential for failure (defined as late completion, later con-
verted to cost), of the Arctic Gas project in view of Green's
criticisms (pertaining, inter alia, to camp moves) in Exhibit
EP-236. Risk analyses, however, are only as valuable as the
assumptions upon which they are predicated. As will be herein-
after demonstrated, the assumptions upon which Green based its
risk analyses for Arctic Gas have been largely disproven on the
record. Consequently, little if any weight can be given the
results reflected in these analyses. 1/

Similarly, only limited reliance can be placed on the
so-called risk analysis presented by the State of Alaska in
Exhibit EP-239 and the risk assessment contained in the DDI Title
IT Study, Exhibit EP-231. Both exhibits are based upon general-
izations which were made before Arctic Gas had the opportunity
to explain its original construction plan on the record. Neither
exhibit considers the effect of Arctic Gas' later decision to
raise its capital cost estimate upward by a quarter of a billion
dollars (Exhibits AA-130 and 131: 233/40,530-531) and/or its
announced willingness to commit another §119 million on two
additional third-year construction spreads, if warranted, in
order to stay on schedule (233/40,544; 40,549). It is not
necessary to go very far into EP-239 to see its bias, e.g., it
gives El Paso a lower risk for blasting going through the mountains
than Arctic Gas on the plain (93/15,01%) and 'a lower risk
on knowledge of subsurface data, even after admitting that El
Paso has to tunmnel through mountain passes where El Paso never
made a test boring. The State's statement "that its probative
value is more limited than one would wish" (98/15,098§ is a
gross overstatement of its exhibit's value.

b. Logistic Build-up

Arctic Gas plans to barge most of its equipment and
supplies to stockpile sites prior to the commencement of the
construction period and states that air support will be available

1/ While the risk analysis is found wanting for the task argued
for it on brief, as indicated elsewhere it had sufficient
validity to convince Arctic Gas to revise its logistic and
construction plans.

f
|
;
k
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to fly in perishable goods and essential supplies and transport
workers to and from the vicinity ( 233/40, 541). Barging to
Alaskan staging sites (Prudhoe Bay, Camden Bay, and Demarcation
Bay) would primarily originate in Seattle (22/3376; 3368).
Barging for the Canadian sites would originate at Hay River,
Northwest Territory, 1/ and move north down the Mackenzie River
(22/3376).

El Paso questions the sufficiency of Arctic Gas' plans
for transporting material to construction and/or repair sites
along the Arctic Gas route. Specifiecally, El Paso suggests that
{1) Arctic Gas will not be able to procure enough properly
designed tugs to facilitate supply barging along the Mackenzie
River in the time available, and (2) in any event, winter freez-
ing limits Mackenzie traffic to 4.5 months a year and prohibits
use of the route around Point Barrow, through the Bering and
Beaufort Seas, to the Alaskan staging sites in all but 6 to 8
weeks of the year, If the barges are delayed, it argues, Arctic
Gas could lose a full construction year. .

El Paso's position is based on certain statements,
highly speculative In nature, made by Arctic Gas witness Dau
early in these proceedings. At 23/3421-22, Dau estimated that
it may take up to 2 years to acquire tug and barge equipment
for the Mackenzie River onae authorization for. the project is
obtained, but he saw no problem in meeting this schedule. It
appears that the adverse effects of any such delay in procure-
ment could be overcome by proper planning, including adjusting
the barging schedule to maximize the use of barges in later

stages of the construction project. (See 233/40,541.) 2/ Similarly,

witness Dau's recognition of the seasonal limitations of the
Bering and Beaufort Seas and Mackenzie River (22/3369-3370) is
tempered by his ensuing testimony to the effect that, should
waterway freeze-up Interrupt movement of supply, there are alter-
nate, more expensive and certainly less desirable, means of trans~
porting material to the stockpile sites., Regarding the Alaskan
portion, witness Dau advises that barge traffic could utilize

the south coast of Alaska, whence tomnnage could be off-loaded,
moved by rail to Fairbanks, and thereafter hauled by truck up the
Alyeska road to Prudhoe (22/3371). Freeze-up of the Mackenzie

1/ The ocean port for Hay River would be Vancouver, B.(C. Over-
land transportation would be by rail (22/3376).

2/ This issue 1s similar to one raised as to whether Arctic Gas
or the Canadian Pacific Railroad would pay for the additional
flatcars to transport pipe to Hay River, N
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River could be overcome, if necessary, by trucking supplies,
including pipeline, north from Hay River to Fort Simpson via
all-weather road and from there utilizing winter roads as far

as Inuvik, in the Mackenzie Delta -(22/3371). Little reliance

can be placed upon using the Mackenzie Highway, which is current-,
ly under construction to Fort Goodhope, or the Dempster Highway
from Whitehorse to Inuvik, completion of which appears to have
been stalled indefinitely, Arctic Gas recognizes this and has
revised its original construction plan accordingly (Exh. AA~130;
233/40,530~531). t

All in all, there is little reason to believe that
Arctic Gas will be unable to meet its logistic build-up schedule
prefatory to each winter construction season. Proper use of
barges would reduce air support to the tactical use Arctic Gas
projects and would not require the armada of airplanes marshalled
by Green in its criticisms.

c., Construction Camps

Arctic Gas intends to use several types of construction
camps, sized and equipped according to the function they are
designed to serve. Camps will be of modular construction, and
thus the configuration of each specific camp will depend on precise
project reguirements. Erection of camps will gimply require the
placement of the prefabricated modules on a granular pad. When
no longer required at a given location, the modules will be moved
to a new camp site, 1/

For preconstruction activities, small camps designed for
10 to 50 workers will be used. Depending on the function being
served, the modules will be designed to be transported either by
all-terrain vehicles, helicopters, barges or sleds. The typical
24=yorker camp, for example, will have three bumkhouses, each
about 10 feet by 40 feet, set on blocks and attached to each
other by knock-away panels (to prevent spread of fire). A wash-
room, kitchen-dryer, and water treatment~storage-generation
equipment facility 1s also attached to the bunkhouses. Out
buildings for waste disposal, water, office and fuel round out
the physical plant (AA-Q, Fig. II F-15).

1/ A portiom of Five Mile Camp was being moved at the time of
the Official View, and there was no visual appearance that
unbolting sections with quick disconnection of utility lines
would present any more problem for Arctic Gas.
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For site preparation, materials receiving and mainte-
nance station construction, intermediate-sized camps, which are
designed for crews of 50 to 200, will be required. It is antici-
pated that these camps will eventually form part of the camps
devoted to major construction activities, infra. Camps of this
type will be served by the coastal barge system, snow roads,
helicopters or fixed-wing aircraft. A typical 100-worker camp
will have three 38-~person units, each about 120 feet by 30 feet,
containing four 8-person bunkhouses and one 6-person bunkhouse.
There will be a separate. kitchen-diner unit (100 feet x 10 feet),
a recreation hall and workshop area (AA-Q, Fig II F-16),

Large camps for major construction activities will be
required for staging points and mainline construction. As
recently revised, 1/ the Arctic Gas cost estimate provides for
nine of these mainTine camps, one per spread, each with a
capacity to house and serve 896 persons. 2/ Additionally, each
camp will be stocked with duplicate utility units (kitchens,
dining facilities, water supply, power, waste disposal, etec.)
capable of servicing another 896-worker camp and two 112-person
sleeping complexes. These spare facilities will form the
nucleus of each new camp as the mainline camp is relocated along
the route (233/40,619). Each of the mainline camps' 112-person
units 3/ will measure 142 feet by 103 feet and contain fourteen
8-person bunkhouses and two laundries. Two regular-duty kitchen-
diner units will be located in the middle of the complex (AA-Q,
Fig. II F-17). Pictures of Alyeska's camp are in EP-143.

The critical aspect of mainline construction camps
is not thelr size, however, but the manner in which they will
be moved during winter construction seasons and between seasons.
Arctic Gas asserts that intra-seasonal movement of those camps
can be accomplished without reducing productivity and delaying
the construction schedule. El Paso disagrees, incorporating
the findings of Green Construction in Exhibits EP-236 and EP-237
to the effect that loss of Arctic Gas' bed space during periods
of camp relocation would cause a concurrent 507% reduction in
Arctic Gas' productivity. These Green Construction studies did

not, however, consider the revisions reflected in the Dau testimony

and exhibits, referred to above, which were tendered for the
record on Qctober 12, 1976. Thus, E1 Paso on brief has failed

1/ See Exhibits AA-130 and AA-131 and the prepared rebuttal
testimony of witness Dau at 233/40,530-549.

2/ The Arctic Gas cost estimate provides for a basic pipeline
contractor crew of 770 persons per spread, with a 26-worker
crew for camp maintenance (233/40,539.

3/ Ten in all.
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to account for Arctic Gas' addition of duplicate service facili~
ties and the extra 1l2-person sleeping umits which will be used
in connection with camp movement. Furthermore, neither the
Green presentation nor EL Paso on brief has addressed either of
two contingency plans developed by Arctic Gas and described by
witness Dau at 233/40,532-533 and 40,545 and on ensuing cross-
examination. The first of these is based on the estimate of
ATCO, Ltd. and calls for additional personnel and equipment to
erect and dismantle the nine camps in accordance with the Arctic
Gas schedule; the projected additional cost is about $42 million
(233,40,533). 1In the alternative, Arctic Gas would modify its
scheme to provide for a total of 17 construction camps, with,
inter alia, a lead time of 1 month between erection and use of
each camp. Here additional cost or demand, more fully discussed
infra, would be %56 million (Id.). Arctic Gas points out that

it would commit these additiomal expenditures before risking

the cost of delay predicted by El Paso under Arctic Gas' original
plan. 1/ 7These measures effectively insure that intraseasonal
camp moves will present no obstacle to timely completion of the
Arctic Gas project,

£l Paso advances the correlative argument that Arctic
Gas' construction schedule improperly ignores the likelihood
that as many as 12 early-season or end-of-season camp moves will
be delayed by late tundra freeze-up or early tundra thaw, respec-~
tively. To be sure, Arctic Gas cannot control the vagaries of
weather by the addition of workers or material, and there is
always a degree of speculation inherent in any attempt to predict
the onset of weather change. As discussed more thoroughly in
the Snow Roads section, infra, however, it appears that the
Arctic construction schedule,including initial erection of camps
and ultimate dismantling and transport of camps at the end of
each construction season,contains a statistically supported
safety margin which will allow timely completion of the Arctic
Gas pipeline despite shorter than normal arctic winters.

d. Welding

Under the Arctic Gas proposal, each of the six spreads
operating on the North Slope is charged with completing about
65 miles of pipeline during the winter of the third and final
construction year. Arctic Gas expects to accomplish this cobjec~-
tive if it is allowed access to the tundra over a period of 145
to 175 calendar days during that winter. The likelihood of such

1/ Amounting to some $900 million in construction costs plus
$1.7 billion for AFUDC, on the basis of the 2.75-year delay
predicted by Green Construction in Chart 1 of Exhibit EP-267.
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a time window 1is great, given a mean access period of some 200
days (October 13-May 1; see discussion of snow road construc-
tion) 1/ and, of significance here, a period of 136 days for
actual construction.

The construction sequence to be followed by Arctic
Gas consists of transporting and stringing the pipe along the
rights-of-way, bending the pipe to conform to terrain limitations,
preheating the pipe for welding, setting the line-up clamp for
spacing purposes, welding the.pipe sections together, coating
and wrapping the pipe, if necessary, tying in pipe sections,
and excavating and backfilling ditches (203/34,817-827; Exhibit
ST-19, pp. 33-36). In order to complete 65 miles within 136
calendar days, Arctie Gas intends to lay pipe at the rate of
0.48 miles per calendar day, 0.71 miles per working day,

It is the welding operation, and particularly the

. stringe-bead aspect of that operation, which Is the most singular
focus of the controversy on Arctic Gas' ability to lay 0.71 miles
of pipe per working day. The Arctlc Gas cost estimate currently
provides for 86 welders and 96 helpers, including 10 graded
helpers (233/40,537). After the pipe has been strung, bent,
preheated, and introduced into a line-up c¢lamp, the stringer-bead
(or root pass) will be welded, to be followed by the hot-pass
weld and, thereafter, the fill-and~cap welds, Finally, tie-in
welders will make the tie~in (203/34,824-826). There is virtual
unanimity among the parties as to the propriety of the welding
techniques to be employed and the volume of electrode and,
derivately, weld metal necessary to secure each joint. 1In
dispute is, quite simply, the speed at which these craftsmen

can operate.

As suggested above, it is the stringer-bead welders
whose efficiency primarily controls the overall welding rate
(Tr. 31,029; 31,035-036; 34,924). Four stringer-bead welders
can work on one joint at a time. Arctic Gas' 0,71 miles/working
day rate is predicated on the following assumptions: (1) that,
under laboratory conditions, a stringer-bead welder can progress
at the rate of at least 3 pounds of weld metal per hour; (2) that
it takes 1 pound of metal to complete a stringer bead; (3) that,
therefore, a crew of four can complete 12 stringer-beads per
hour; (4) that 120 stringer beads can thus be completed in a
10-hour working day; and (5) that, at 50% efficiency, 60 welds
per day will have been completed (Tr. 42,714-715). Since, using

1/ As determined in the following sectiom, actual pipeline con-
struction can commence once 5-10 miles of snow road have been
completed, and production of snow roads and pads can proceed
at a rate of at least 0.5 mile per calendar day.

Vo ms g
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80~foot lengths of pipe, only about 48 joints per working day
would be needed to complete (.71 miles, it is clear that a rate
of 60 welds a day would easily suffice, The 10 hot~pass and

50 fill~and-cap welders allocated by Arctic Gas for each welding
crew are a function of this anticipated productivity of the
stringer-bead welding unit., Arctic Gas represents that, if
necessary, a few more fill-and-cap welders can be added to the
crew (Arctic Gas Geotechnical Brief, p. 67). For that matter,
Arctic stands ready to commit additional spreads to the Alaskan
operation, if necessary, in order to meet its construction
schedule. 1In so doing, Arctic Gas would draw upon the supplies
and labor available from completed Canadian spreads (Tr. 40,343~
4y, To facilitate the welding operation, Arctic Gas plans to
use mobile protective shelters, designed to span the 48~inch
diameter pipe, provide suitable working space for workers, and
maintain a temperature of 20°F. or above (Tr. 34,655-663),
thereby permitting work to proceed according to schedule despite
adverse weather conditions. (See infra.)

El Paso disagrees with Arctic Gas' estimate of the
amount of weld metal which a stringer-bead welder can deposit
in 1 working day under relevant arctic conditions. Based on
evidence presented by Green Construction, it is El Paso's position
that Arctic Gas' stringer-bead welders, in their presently
planned number, will be able to complete only 24 joints, or lay
0.36 miles of pipe, per working day. El Paso's conclusions are
based largely on evidence supplied by the Green Construction
Company, reflecting BP Alaska's Alyeska experience with gathering
lines at Prudhoe Bay. Arctic Gas and Staff point out that the
BP Alaska Prudhoe Bay experience is not comparable to the main-
line construction contemplated by Arctic Gas. This observation
is borne out by the record, wherein it is shown that the BP
Alaska operation achieved what must be considered a lesser
degree of efficiency because of its piecework, rather than
assembly-line, nature (Tr. 34,712-734; 34,571; 40,542; 40,668~
669). This was necessitated in part by the terrain and in part
by the varied sizes of pipe employed in that gathering operation,
an obstacle which Arctic Gas does not confront with its uniform
48-inch diameter, 0.72-inch thick pipe (Tr. 42,735-737).

In its Reply Geotechnic Brief, El Paso asserts that
(1) its rate calculations did not rely exclusively on Alyeska
experience but also Incorporated experiences of Trans-Canada
between 1972 and 1974 involving some 500 miles of 36-inch
diameter pipe, which experience assertedly confirms that a
stringer-bead welder can be expected to deposit less than half
the amount of weld metal per day assumed by Arctic Gas; and (2)
the appropriate operating efficiency factor for stringer-bead
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welding is 41%, which factor represents the amount per pound
of welded electrode which becomes weld metal. With respect to
the first point, it is found that no valid progress comparison
can be made between the Trans-Canada and Arctic Gas projects, .
since they were constructed under different circumstances and
used different crew composition (34,630; 34,637; 34,656). As
to El Paso's second point, the 50%-efficiency factor assumed
by Arctic Gas' witness was designed to simulate field welding
rate as compared to laboratory welding rate, not the relation-
ship of electrode used to weld metal deposited.

Recognizing that the welders should be protected,
Arctic Gas' proposes to use protective shelters. The proposed
shelters,although developmental in nature and largely untested
{ 34,657; 34,827, 3&,856?, are not particularly novel in concept
and are technologically feasible. The principal difference
between the Arctic Gas shelters and those whose adequacy has
been proven at Prudhoe Bay (34,544-545) is that the Arctic Gas
shelters have been designed for optimal mobility., The initial
shelter for a welding crew of 12 to 14 will be attached to
a self-powered track vehicle (a modified Foremost Industries
Delta=3 unit) which moves alongside the pipe from joint to
joint. Once in place, this vehicle will lower the shelter over
the pipe by means of retractable outriggers (34,655-644). An
Arctic Gas witness testified that Henuset Brothers in Calgary
had built and used similar shelters in 1975 (34,644). The same
witness advised that Majestic-Wiley Contractors has, on Alyeska,
successfully employed a tie-in welding shelter which is designed
to be elevated by a side boom and transported from weld to weld
{ 34,658-659), Arctic Gas had made ample provisions for arti~
ficial illumination to permit construction to proceed despite
the darkness ( 34,777-782).

The degree to which the superior efficiency of Arctic
Gas vis-a-vis BP Alaska will improve actual welding rates is,
of course, subject to some speculation. However, it appears
that Arctic Gas can improve substantially on the BP Alaska
experience, Any shortfall in achieving the required minimum
welding rate will be apparent early in the first arctic winter
construction season, giving Arctic Gas more than ample time
to effect its remedial contingency plans,

e, Trench Excavation and Backfill

Arctic Gas intends to employ a so-called " 812 super-
ditcher' in its pipeline trench excavation. This machine is
still in the design stage. Once operational, it will be able
to cut a trench in permafrost soils 8 feet wide and 12 feet deep
(hence the designation "812") and will have the capacity to
ditch an average of 4,000 feet per 10~hour day, well in advance
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of the 0.71 miles of pipeline to be welded per working day (202/
34,732). Technological pioneering has been required in design-
ing the 'teeth," which are to be inserted into a ditching wheel.
Assisting Arctic Gas in this endeavor is the engineering firm
of J.E. Rymes Engineers, Ltd. In early 1975, field tests of
laboratory-tested teeth were conducted at Seebee and McPherson
in Canada in granular soils considerably coarser than those to
be traversed by the Arctic Gas pipeline (202/34,725-726). The
subject teeth were found structurally incompetent (203/34,889,
pictures AA-19)., Thereafter, the determination was made that
the ditcher teeth could not be efficiently welded onto the
ditcher bucket, but would instead have to be cast internally
into the bucket (202/34,720-722). Further research and
development has proceeded on that basis. Laboratory tests have
been conducted, and new field tests are anticipated in early
1977 ( 34,750-752), Expert witnesses for Arctic Gas and the
Rymes engineering firm have testified that, with the teeth
properly refined, the super-ditcher should be fully competent
and available on schedule (Tr. 202/34,727, 34,731, 34,621-622;
203/34,748, 34,891). . : _

In the alternative, Arctic Gas stands ready to achieve
its construction schedule by increasing blasting and/or using
existing, less-efficient ditchers ( 26,891-892; 203/34,749). 1/
The cost of blasting as compared to ditching is approximately
double, or $60,000 per mile (203/34,748-749). Blasting would
not require a significant increase in personnel (Tr. 34,749).

In its cost estimate, Arctic Gas included an amount for blasting
crews of up to 25 people per spread in anticipation of having

to blast up to 17.1 of the 65 miles per Alaskan spread (202/
34,566-567). It is found that trench excavation, whether with

a fully operational 812 ditcher or more conventional methodology,
will cause no significant delay in construction of the Arctic

Gas pipeline.

Backfilling the trench once the pipe has been lowered
in should present no significant timing problem. 1In order to
guard against voids in the backfill (which might permit melting
snow to penetrate the soil and jeopardize the stability of the

1/ The Bannister 710 is the most sophisticated ditcher presently
available. Its usefulness to Arctic Gas is subject to
question, however. While it has been used in the past under
severe conditions (202/34,735), it has not been used commercial-
ly in permafrost and its teeth may not be suitable. (203/34,
889). In addition, it is designed to cut a ditch only 10 feet |
deep, which is insufficient for Arctic Gas' purposes. The
performance of the 710 reinforces the conclusion that the 812
is the logical development and will perform as designed
(202/34,735).
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soil around the pipe), Arctic Gas must be certain that the

backfill spoil has been properly compacted. According to staff

witness Phukan, compaction can be accomplished by heating frozen
In the alternative,

backfill originally excavated from the trench.
Arctic Gas might use select backfill for the bedding and padding

which underlies the rest of the backfill restraining the pipe
(234/40,860-863). 8ite granulation of excavated spoll appears

less feasible (154/25,314; 25,495),
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D, Arctic Gas-- Snow Roads

Arctic Gas proposes winter construction using snow roads
and snow pads in permafrost areas, 1/ It argues that, if
insufficient amounts of nmatural snow cannot be collected for
this purpose by snow fencing or harvesting from frozen lakes,
it will manufacture snow, New techniques of snow road construc=-
tion designed and tested by it will assure stable, strong
surfaces resulting in minimal environmental degradation. Arectic
Gas also presented evidence demonstrating that snow roads can
be bullt within the assigned schedule and in accordance with
the estimated costs, 2/

The competing applicants, the State of Alaska, and the
Conservation Intervenors collectively attack most aspects of
the Arctic Gas plan, including opening dates for snow-road
congtruction, snow fence use, snowfdll patterns, snow manu-
facturing, water availability and surface degradation caused
by vegetative mat cem?aetion. In esgence, they argue that,
on the basis of past "'snow road" failures on the North Slope
and the huge scale of the Arctic Gas project, the applicant
has neither proved it can efficiently and safely construct snow
roads, nor that these roads will be effective in use. Staff
concludes that the Arctic Gas snow road program will accomplish
its intended result. However, it maintains that "long-lasting
environmental abasement cannot be ruled out' (Staff Env. Br., 2).

Large sections of both the envirommental and geotechnical
briefs are devoted to snow roads. Specific arguments of all
parties are discussed in the body of the discussion below and
are not summarized separately. Since the key environmental
criticism of Arctic Gas is its alleged inability to bulld snow
roads when needed in an envirommentally acceptable manner or to

1/ The term "snow road" will be used to designate both "snow
road” and "snow work pad,” unless otherwise stated.

2/ While the Arctic Gas plan must be analyzed on its own
strengths and weaknesses, it should be kept in mind that the
altermative is gravel pads, involving problems of borrow
sites, aesthetics, permanent accessibility, changes in
thermal regime, dralnage and added expense. Gravel pads
are not acceptable because of both environmental costs and
dollar costs.
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construct a pipeline from them in winter conditions, the
discussion on this issue has been made as complete as
possible,

The skepticism of the detractors of the Arctic Gas plan,
based as it 1s on interesting but not necessarily always
relevant history of snow trall and snow pad use, is not
convincing. Not only has Arctic Gas committed itself to
considerable testing and plamming of its proposal, but it has
done so by actually building a test road and testing that
road under wintertime conditions similar to those it expects
to experience in permafrost areas. A review of all of the
evidence, as set forth below, requires a [inding that Arctic
Gas has demonstrated, by the vast weight of evidence, that its
snow road plan is both feasible and effective and can be :
accomplished with a minimum of environmental harm.

Water availability and effects on fish and #egetation are
discussed in the environmental section of this decision,

1. Description

Arctic Gas proposes to build snow roads in all areas of
sensitive permafrost in order to provide access to the right-
of ~way (ROW), borrow pits, stockpile sites and wharves, and to
provide a traffic and working lane along the working side of
the pipeline ROW. In general, snow roads will be used in areas
north of 659 Latitude,

Aretic Gas has estimated that it will build 915 miles of
snow road and work pad in sensitive permafrost areas, It
disagrees with the Green Construction estimate (EP-236) of
1,150 miles of snow road and pad., Moreover, Arctic Gas maintains
that most of the 643 miles of additional snow road beyond the
ROW will not be required, as suggested by Green, Many of these
miles will be used for moving civil construction equipment,
which will take place late in the winter season without
necessitating high-speed snow roads. 1/

1/ El Paso argues, for the first time on Reply Brief, that

- Arctic Gas has underestimated snow road requirements along
the Mackenzie River and in Alberta. There is no indication
given of the extent of the further necessary snow roads.
It cannot definitively be found that those roads will not be
needed, However, it should be noted that there are no water
availability problems in this area. If El Paso's criticism
is correct, the most Arctic Gas will suffer is some increased

costs, which it is assumed is the point of rdaising the argument.
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The type of snow road used in varlous areas will depend
on the availability and characteristics of snow and other
meteorological factors. Snow roads will be of two general
types: used for all access roads and the traffic lane on°
the ROW, this type will be wide enough to accommodate two lanes
of traffic (approximately 32 feet wide) and be dense enough to
sustain a heavy volume of traffic; used as a working surface
{work pad) on the remainder of the ROW (apprexiﬁﬁtefy 90 feet
wide), this type will be less dense and will not require as
smooth a surface, since it will be used only by slow-moving
construction equipment (AA-Q)., However, Arctic Gas witness
Guy Leslie Williams, in calculating water requirements, used
a 0.5 grams/ccem density snow for both the snow road and '
work pad (163/26,862). Thus it remains unclear whether both
surfaces will indeed have the same density, or if not, which sur-
face will have the 0.5 grams/ccm density. It is clear that beyond
the ditch line, the packed snow will be less dense than the rest
of the work pad. Equipment traffic will be infrequent, since its
primary purpose will be to separate the vegetation and organic
tundra from the spoil pile. , ‘

The process proposed for Arctic Gas snow road construction
is a vast improvement over previous efforts, and is intended to
produce a stronger, more stable surface. As the first step in
preparation of the snow road, frost penetration will be
accelerated, where required, by using low ground-pressure (LGP)
vehicles traveling the ROW during the fall freeze-up period,.

If sufficient snow is available (either by harvesting or
manufacturing), the snow will be leveled and compacted by
rubber-tired motor graders (LGP's); then, in order to increase
the density and surface hardness, pulvimixers (which can be
towed by tractors) that will mechanically procéss the snow after
the minimm of compacted snow cover exceeds 6 inches will be
employed. Processing will be followed by roller compaction
{(rollers can be pulled by dozers or Delta Commanders). Once the
required surface density and hardness have been reached, wheeled
vehicular traffic will commence. 1If sufficient snow is not
available or where the processing and compaction sequence does
not produce a sufficlently hard surface, the processed snow

road will be strengthened by the addition of water to form

an ice-cap. An lce-capped snow road will normally have approx-
imately 5 inches of water penetration in the snow surface.

Snow roads will be maintained by adding snow, water or
sawdust, or a combination thereof, to rutted or broken areas
of the surface. 1/ The roads will eventually melt and run off

1/ There 1s sihgly ne evidence supporting the assertion of
Green that 26 workers will be required to maintain the snow
roads. Dau testified that, based on its Inuvik test, a
snow road/pad construction and maintenance crew of 55 people
for a period of 135 days per season per spread, in addition to
a maintenance crew of 6 people for an additional 60 days, was
appropriate (223/40,538).
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natuvally, and thus clean up and restoration requirements will
be minimal, All stream crossings will be cleaned out before
rreak=up,

2, Fistorvy of Snow Roads

Discussing the history of snow roads on the North Slope
scores points for both promoters: and detractors of the Arctic
Gas plan. OCo the one hand, much of the criticism leveled
agalnst the Arctic Gas scheme is based on the failures of
previouc attempts to builld roads constructed from ice and snow,
These roads are variously called ice roads or winter trails, and
admittedly have little rel ation te the Arctic Gas-type road,
They were genevzlly unprepared trails following relatively
level contours across frozen tundra, Thus, criticism of
these roads really bkas little revelance to the snow roads under
congideration in this case. 1/ On the other hand, the fact
that criticism is leveled at winter trails accentuates the
fact that no Arctic Gas-type roads of any significant size
have Teen previously tried in the North, The lack of experi-

ot 3 4

ence with these roads is a key criticism against them.

EP~236 (Green Construction) presents thé Alyeska experi-
ence with wnow work pads, 1In 1975, Alyeska constructed two snow
work pads and plans a third over a short distance. One pad
is partially completed and being used to construct a 148+~mile
emall-diameter gas pipeline. The pad is being constructed by
spreading onsite snow drifts and leveling and compacting with
dozers, Construction htegan in November 19%5. Green states
that as of March 1976, 60 miles of the pad were completed and
most of the remainder will not be completed this season, as
originally planned. However, John E. Latz, appearing at the
request of Conservation Intervenors, testified after some contra-
dictory statements that the snow pad itself was completed in

1/ Arctic Gas wi:ness Philip Dau testified that existing and
nev winter trails will be used in surveying and drilling
programs and in preparation of remote sites used for
communications towers and equipment, Traffic to such sites
will be minimal, $Since a satellite system is planned for
communication, use of winter trails will be greatly diminished.

Aleo, the only permanent roads will be those between the
alrstrips and their respective maintenance stations or
material stockpile sites,
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four weeks, but the small-diameter pipeline was not proceeding
apace (193/32,593). 1/ The second pad is one~half mile long and
was the only Arctic Gas-type pad built, Using snow machines,

the pad took three weeks to build. However, it appears that
Alyeska harvested snow from a lake 32 miles away (97/14,928-932),
The third pad is being considered for constructing a large-
diameter pipeline. The terrain is level, and an all-weather
access road parallels the pad, The first attempt to construct
this pad by collecting drifting snow allegedly failed when

high winds dispersed the snow.

Arctic Gas has performed three snow road tests, and the
last of these demonstrates the feasibility of the procedure,
A very limited test was performed at San Sault, but the road
was not successful as a result of improper equipment. The second
test, at Norman W2lls, was constructed late in the year. Here
again, the available equipment only served to compress the snow
already on the ground and essentially make an ice road, As a
result of the information from these tests, it was decided that
a more advanced test should be conducted, This test took place
near Inuvik, Northwest Territories, in the winter of 1973-1974,
Three different sections of snow road were built at Inuvik,
The first was 950' and had a drop of 55', for a maximum grade
of 17%. The second was 1700' over fairly flat terrain, with
five creek crossings. The third was 1110', and was constructed
to better understand the hillside or sideslope road construc-
tion. This section had a maximum cross slope of 11%. The great
majority of snow used was harvested off a lake, since snowfall
was particularly light that year. Some snow was manufactured,
The density of the harvested snow was increased from 0,2
grams/ccm to 0.5 grams/cc. Trafficability tests were run with
trucks carrying 22 tons and 25 tons. With the 25-ton load,
about 200 uphill passes were made without tire chains, and no
road deterioration resulted., Some 200 more passes were made
uphill with a chain-equipped truck. It was found that only
the top 1" or 2" of road surface deteriorated. During December
and January, about 1600 trafficability vehicle passes were made
over the main road and 1400 passes over the sideslop section,

1/ Mr. Latz's disingenuous testimony concerning the construction
of the Alyeska snow pad is typical of this witness's entire
presentation, In t is instance, the witn<ss gave the
initial impression that Alyeska experienced considerable
difficulty and delay in constructing its snow pad (193/32,565,
32,570-572). However, on more specific examination by the
Presiding Judge, he conceded that Alyeska had built the snow’
pad in less than four weeks and that there was an abundance cf
snow (193/32,593-596).
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Scme potholes developed, particularly at or near curves
in the road. Some repairs were made with a sawdust, snow and
water mixture, At subzero temperatures, it was found that
traffic could resume within a half hour after the mixture had
been applied.

In early December, before the sncw~harvesting operation,
tests were conducted in snow manufacturing using a standard
ski hill gun. All that was required for this operation was a
source of water (which in this case was a tank truck) air
compressors, and a snow gun along with the necessary hoses.
Alr and water were fed by separate lines to the nozzle, and a
fine spray was produced which turned to snow, Efficlency
increased at lower temperatures, but snow could be produced
at ambient temperatures as high as 36°F. The equipment used at
Inuvik was much smaller than that now available,

The trafficability studies were shut down on Januvary 22
and resumed on April 6 to study the spring break-up deterioration,.
The shutdown was ordered because all the runs that had been
made at that time simply were not damaging the road. The runs
made on April 6 still did not do any damage, and thus the runs
were stopped until April 27, On May 5, at a temperature of 25°F,
some deterioration began to show, but 96 truckload passes were
made on that date, On May 6, with temperatures around 35°, 68
truck passes were made., However, rutting and deterioration
accelerated,and tests were concluded., Nevertheless, roads
could still be used by soft-tracked vehicles hauling sleighs.
Ther=z has been continuing investigation of the Inuvik site, but
the 19731974 test provides the basic support for the Arctic
Gas plan. 1/

3. Snow-~Accumulation Process

There are basically three methods by which snow can be
accumulated for the construction of snow roads (in probable
ascending order of cost): (1) snow fences; (2) snow manu-
facture; (3) snow harvesting and hauling.

a. Enow Fencing

Snow fences are barriers which serve to collect .
drifted snow, Fences will be erected in September on 470 miles

1/ Arctic Gas-type snow roads have been researched in Green-
land, Antartica and other places, but not on the scale of
the Arctic Gas plan.
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of the route, Snow fences will not be erected in the boreal
forest, where trees prevent snow blowing., Placement will be
accomplished by Rolligons or some other LGP vehicle, with
helicopter support., The vehicles will be equipped with small
drills capable of drilling holes for snow fence supports,

Since smow fences will be erected before there is any indication
whether snowfall or water agvailability are adequate for
gathering and snow manufacturing, the cost of snow fence
erection will be incurred regardless of the eventual need for
the snow collected at the fences. Arctic Gas intends to build
fences 4" high., They will bhe installed down the center of the
ROW and parallel to it. Gaps will be maintained between the
fences to allow caribou to move through. Arctic Gas witness

Dau considered the installation of snow fences a relatively
simple operation. He was told by Alyeska that it was

installing posts at 10 foot centers at a pace of one post/minute.
At this rate, one could easily do 1 mile/day (9%/153,304).

There has been at least one detailed study on snow fences,
The CRREL Report 1/, although analyzing fznces in 2 year of
apparently unusually heavy snowfall, 2/ stated: '"Ihe first
evaluation of induced snow accumulation was a visual inspection
on November 8, 1972, two monthg after gnow fence installatlon,
v » « the 1.5 m fence section had drifted almost full, with
only posts and up to l2em of the fencing material exposed™
(163/20,789), The Lenort recommended thalb post gpocing Le three
times fence height and found that fences of approximately 50%
density are most effective for multiple fences.

Snow fencing was also erected on a secbion of the Alynskas
POY near Toolik, Althougl the Tence itas not installed uwantil

late December 1973, sufficient suow had accumulected Lo allow

ramoval of bie fonce by the followlng wenr’., Tadicatious vere

1/ Corpr of Ingineere - Cold Regloue Researes aad Inginsering
Laboveatery - MAceunularviag Dnov fo Augment the Freogh Water
Supply at Tarrow, Alaska' (Jonuary 1675).

2/ TVowever, Dr. Carl Tenson of the University of Alaska has f
started te study sacwfall pattumne becsuse e quortioaned
the accuraecy of iy snot -nwasuring equipnent used in e
Rarvov Studles. Neascn Tag developed “ic ovm gauge for
North £lope conditions, and ™ir proeliminary (indivngs,
according to Aretle Gas witnesg Jlllimus, are &' at lons-
term snovfall receouds may Le Low Ly a facter nf 2 (162
26,8124-816) . levrover, Tenson has naither beern called 2z
a ultness nor spousorad ar exhHiTir in thig casc.
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thatt if the fences had bLeen installed in September, there
would have been sufficient drifted. snow by October (163/26,789;
26,912-913), Dau also testified that there has been many
published reports on snow fencing, and the techniques have been
used in Colorado and Canada (23/3478-80).

There 1s ng reasconable question that snow fencing is a
proven, rgligble methpd of agcumulating natural snowfall, The
effectiveness of snoyw fences, of course, depends on natural
snowfall, While the amount of snowfall in this area is not
great, varying according te year, month and location, the strong
winds on the North Slépe will cause the snow that does fall to
blow and form drifts at the fences, Although there has never
keen a year when there was nc snow at all on the North Slope,
Arctic Gas intends to use snow fences for just part of its total
snow needs and to manufacture snow for the rest. As shown, '
below, it is clear that this is a reasonable plan,

Alaska witness John Becker presented a statistical analysis
of snowfall data from the Barter Island weather station., These
weather conditions are representative of those encountered on
the Arctic Gas route (163/26,787). Unfortunately, weather data
spanming a2 number of vears from different sites on the Arctic
Coastal Plain aye not available. 'The United States govermment
has been keeping records at Barter Island (near Kaktovik) for
27 years. The records show monthly average cumulative snowfall
through September--4,2", October-~9,6", November--5.7", and
December=--3.8'", The table shows mean monthly snowcover in
October--8", November--12", and December--13",

Pecker calculated the standard deviations for monthly
snowfall and found them to be very large when compared to the
monthly averages (e.g., October --8.1"), Thus, there is a
“high' probability that snowfall in a given year will vary
considerably from the average snowfall. He also calculated the
25th percentile of cumulative snowfall., This represents
., approximately the snowfall which would be exceeded three
winters out of four, or conversely, snowfall which
would not be reached one winter out of four., These are
September -~-1,5", October --7", November --1", and December --14",

Becker's conclusion was that te construct snow roads in
the early part of the winter season, natural snowfall would
have to be enhanged, e.g., by snow fences, As noted above,
Arctic Gas is aware that snow fences would be needed tgp agecumu-
late significant amounts of mnatural snowfall, Becker did npot
state when or if snow manufacturing would be necessary.

Williams, commenting on the Becker amalysis, discounted
the feptember snowfall because he thought that melting would
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occur in September. He concluded that the 8.9" October average
would, in conjunction with snow fencing, be adequate for work
pad and snow road construction., He testified, however, that 9
out of 27 years studied had less than 4" in October, which may
be marginal for using snow fences. Some snow would probably
have to be manufactured or hauled in these years, TEis

is why Arctic Gas has not relied solely on nature's bounty

for its snow road commitments.

b. Snow Manufacture

The snow-making process is similar to that used on
most Americana ski slopes. Snow is "created”" by dispersing
minute water particles and air under pressure into freezing or
near-freezing ambient air. The density of the produced snow
can be controlled, and lover temperatures aid the efficiency
of the operation. Snow manufacture is a feasible, reliable
method of amassing sufficient snow for the construction of
snow roads.

Arctic Gas plans to commence snow-manufacturing in early
October, if sufficient snow has not yet accumulated at snow
fences to start building snow roads. Witness Williams em-
phasized that snow manufacturing would only be required in
the early part of low-snowfall seasons, Recent tests at
Edmonton demonstrated that three units of snow manufacturin
equipment would produce enough snow for % mile of snow road%pad
a day. These units have a through-put of 300 gallons/minute,
and 6 of them would be placed at each spread. However, new
snow-making machines, each with a through-put of 1,000 gallons/
minute, are now being considered by Arctic Gas. Each spread
would have two of these larger machines, These units are
presently in the "conception' stage and have yet to be built
and tested.

Snow can either be produced at the water source and trans-
ported to the ROW, or the water can be hauled to the ROW and
converted to snow there, Williams stated that a combinr-tion
of these methods would probably be most economical, because
it would best utilize equipment which would be available at the
work site.

The snow-making machines are very light and can be
mounted on soft-tracked vehicles. The equipment proposed to
supply water to the machines from the sources consists of twenty
6,000-7,000 gallon tanks mounted on large industrial sleds
and/or 30-ton all-terrain Delta Commander units, In all likeli-
hood, 10 Delta Commanders will be available at each spread.

E~ch Delta Commander will carry a tank, and each Commander will
also tow a sled carrying a tank, Insulation and heating cables
will be used to prevent water in the tanks from freezing,

These tanks will then move along with the snow-manufacturing
units, continuously supplying water along the snow road. The
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Delta Commanders have been in use for several years in the
Arctic. They are LGP velicles, even when pulling sleds. To
protect the tundra in supporting Delta Commanders'and sleds
fully loaded with water, there must be about 8" of frost pene~
tration and 8"-9" of compacted snow (163/26,799-810), Given the
projected length of the haul, the ten Delta Commanders with 20
tanks should be able to keep the two snow-making units
operating almost centinuously., ® As the work progresses and a
road suitable to support conventional track equipment is prepared,
these "trucks" would also be used to haul water,

c. Harvesting and Hauling

Snow will be harvested and hauled from nearby lakes
beginning in October, if this is needed to supplement snow
fence and snow-manufacturing output.  Snow harvested from lakes
is a much denser snow because it has been "worked" in
harvesting. It is alsoc relatively easy to gather since it lies
on a flat area with no vegetation. Alsc, witness Dau stated
that there are locations on the ROW where it would be desirable
to £ill in deep depressions. This could be most effectively
achieved through collecting and hauling snow (23/3481-82),

4, Timing

Timing is a critical element in the Arctic Gas plan and is
the most hotly-disputed component of the snow road issue,

Efficient and timely snow road construction is essential
in the Arctic Gas pipeline construction scheme, As stated
carlier, Arctic Gas plans to erect snow fences in September,
with snow manufacturing beginning in early October, if
sufficient snow has unolt yet accumulated at snow fences. Snow
may also begin to be harvested and hauled from lakes at this
time, Snow road construction would begin in mid-October and be
completed by t e end of Decemver.

Following the above schedule should allow pipeline
construction to begin in late October or early November. Pipe~-
line construction would begin after 5~10 miles of snow road is
completed, As pipeline construction proceeds, snow road con-
struction will continue using snow accumulated at snow fences,
augmented, 1f necessary, with manufactured or hauled snov,

It war estimated Ty witness Williams that at least 20 miles of
nipeline construction would be completed at each spread before
Coristmns, 1/ Deau tostified thnt Arctic Gas has assumed that

1/ The importance of this ig because of its impact on pipeline
construction schedule, Williams' schedule has pipe line
consiruction extending from November 1-May 1.
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snow roads will likely deteriorate sufficiently to be unable to
carry heavy loads by April 15. However, in his opinion, this
date could be extended by a month (23/3495), (See Inuvik test,
supray Williams, in fact, scheduled pipeline construction until
P{ay L]

The most significant factor to consider 1Iin a timing
analysis is the beginning date of smow road construction.
Arctic Gas concedes that to achieve its pipeline construction
schedule, an early winter construction start is needed. (See
construction section, supra.) Historically, the months of November
and December have had less severe temperatures than January or
February. Thus, it is important to take advantage of better
weather which occurs early, To achieve early pipeline construc-
tion, snow road construction must begin as early as possible.
Farly snow road construction is contingent on early vehicular
access to the state and federal lands, It is concluded, as
shown below, that the opening date is dependent almost exclusively
on frost penetration,because the construction method will permit
snow-making machinery to build its own road ahead of it for
further tundra travel even if there is inadequate natural snow
cover so as to require snow-~manufacturing.

The State Division of Lands regulates tundra travel on
state lands, and the U.5. Fish and Wildlife Service regulates it
on the Wildlife Range, Thege government bodies issue permits for
tundra traffic. 1/ “Generally, two conditions must be met
before vehicular traffic is allowed: snow cover and frozen
ground,

All cross-tundra movement is prohibited on the tundra at
the time of the annual thaw. This '‘closure" order 1is usually
issued in late May. Most vehicles are not permitted to cross
the tundra until the ground is refrozen and covered with snow.
At this time permits are issued for cross-tundra traffic. The
initial dates for these permits have ranged from October 20 -
November 18 (EP-238, Table 15), Certain LGP vehicles like
Rolligons, however, are permitted on the tundra during the
summer and fall once the ground has thawed to a sufficient
degree to absorb the impact of these vehicles.

1/ Alaska witness William Copeland testified that in issuing

permits, the Department will allow destruction of a portion
of the tundra if It is shown that this is necessary for

a worthwhile project. For example, Alyeska was permitted
to build a gravel road.
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The time when LGPs are able to c¢ross the tundra is
significant. As already stated, Arctic Gas intends to begin
erecting snow fences in September. This would be accomplished,
at least in part, by LGP vehicles, Alaska witness William
Copeland testified that Rolligons, as opposed to other LGP
vehicles, would be permitted to place snow fences in September
and October, even if there was mo cover or substantial frost
penetration (97/14,868-870),

The snow-manufacturing process presents slightly different
considerations. First, snow manufacturing requires a temperature
lower than 369F. This presents no problem, since the mean
monthly temperatures at Barter Island from 1948-1973 were:
September +31,49F., October +15.9°F., November +0.8°F.,

December -12.09F, More importantly, to protect the tundra in
supporting loaded Delta Commanders and sleds# 8" of frost
penetration is required, in addition to 8"-9" of compacted

snow. In the usual situation, the critical factor has generally
been snow cover, because the terrain is generally frozen by the time
adequate natural snow is available. Arctic Gas, however, plans

to manufacture snow at those times when snowfall is light.

Thus, frost penetration is the only relevant consideration

dictating tundra access in the present case,

El Paso, on brief, concedes that the only significant date
is the frost penetration date. El Paso, however, continues to
maintain that the traditional opening dates be used in assessing
Arctic Gas' snmow road construction schedule (EP Reply Env.
Brief, 27), This is clearly wrong, since those opening dates were
predicated on adequate snow cover, which is not the relevant
consideration here.

The only reasonable method to andlyze Arctic Gas' "open-
ing date" is on the basis of climatological data on freezing
degree days. El Paso terms this its "alternative method" and
alleges it is filled with uncertainties. Dau testified, how-
ever, that after only 200-300 freezing degree days, Rolligons
would begin compacting snow that has accumilated at snow fences
(accelerating frost penetration), and snow manufacturing could
commence. 1/ Based on an analysis of data from 1970-1974 at
Inuvik, the average date at which 300 degree days was reached
was Qctober 16, 2/ Other factors do affect the accessibility

1/ A freezing degree day = average of the maximum and minimum
temperatures referred to 329F, Thus, if the average temper-
ature is 20°F, this equals 12 freezing degree days.

2/ E1 Paso counsel Raymond Bergan suggested that data from
Inuvik from 1957 shows the average date of which 300 degree
days was reached was October 22 {233/ 40,578),
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of the tundra, including vegetative cover and water content of
the soilyand the final determination as to the specific date
will be site-specific. 1/

In fully understanding the "opening day" concept, further
discussion of exactly how Arctic Gas will use its snow-making
machinery is helpful, The Arctic Gas snow manufacturing plan
involves either having some snow-making equipment at water
sources prior to winter or moving the Delta Commanders to the
water sources over even minimal snowcover. This plan depends
on two factors: minimal snowcover for the Delta Commanders
going out to the sources, and sufficient frost penetration to
withstand the loaded Commanders.

Expanding on the methodology of construction, not only
the Delta Commanders, but most, if not all of the snow road
construction equipment can be pulled by soft-track vehicles
(163/26,810-812), % Therefore, while adequate snow cover and
frost penetration (8'") would also be needed before these vehicles
could cross the tundra, again, snow manufacturing can provide
the necessary snow cover. Dau explained that Arctic Gas
planned to move snow-making equipment in with the first equip-
ment that goes to Alaska on barges and that it would first be
used on the stockpile sites at the coast. Then the equipment
would be moved to a borrow source. These sources are generally
located near water sources. Thus, Arctic Gas would begin to
make snow roads from the borrow sites to the ROW and then
down the ROW before any snow was on the ground, providing the
temperature would allow for snow manufacturing and there was
adequate frost penetration (23/3483-84).

1/ Williams also testified that smow road construction can
commence with zero frost penetration, if there is some snow
cover. Rolligons could be used to compact the snow, which
would induce frost penetration. This seems to confliet with
Copeland's testimony, which stated that frost penetration
was necessary for Rolligon use in September and October

(L63/ 26,817-834).

Williams also testified that a fair thickness of well-
compacted snow might lessen, to some degree, the necessary
amount of frost penetration {163/ 26,904-905),

2/ This is only critical in the first year anyway, since the
heavier equipment would "summer over'" at water sources in
preparation for the next winter construction schedule.
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Williams described the construction of the access road

" from the Camden Bay stockpile site to the ROW. He stated that

the initial snow road required to move the materials can be
fairly minimal with the use of Delta Commanders and sleds. The
road could be 30' wide and 12" deep of 0.5 grams/ccm snow, with
8" of frost penetration. Some heavy equipment could be trans-
ported on the road if broken into components and placed

on sleds. Assuming insufficient snowfall, water from Camden
Bay sources would be used to manufacture snow. As already noted,
there would be some equipment located at water sources near the
ROW in the winter prior to the construction season. Thus, snow
road construction would proceed in both directions. When pipe
is hauled from Camden Bay by conventional vehicle, a high-

speed haul road would be needed. This better road, however,
would not be needed immediately, because 18 miles of pipe will
have been hauled into the camp the previous winter.

Similarly, Williams testified that in the early winter
season, when the distances from the camps and stockpile sites
to the pipeline construction work location is short and when
snow might not be available, it is not necessary to have a high-
speed traffic lane adjacent to the work pad. All that is
required is compacted snow to protect the surface vegetative
cover. When the haul distances are short, pipe can be hauled
with tractor-drawn sleighs, and workers can be transported by
LGP vehicles. As the distance increases, the availability of
snow will improve, and snow roads will be completed (163/26,787),

Once the "opening date'" aspect of the snow road construc-
tion plan is accepted, there is no credible evidence that
Arctic Gas will be unable to construct adequate snow roads in
a timely fashion. Arctic Gas has estimated that it can construct
one-half mile of snow road/pad per day, by using snow manufactur-
ing. Other means of accumulating snow would be faster. (See
Staff Geot. Brief, 8). Green Construction, in its criticism
of the Arctic Gas plan, assumed a one-half mile/day rate regard-
less of the source of the snow and estimated that 30 miles of
snow road would have to be completed before pipeline construc=-
tion could commence. In fact, only 5-10 miles of snow road
are necessary before construction could commence,and this is
possible even using Green's unrealistic assumption that all
snow would have to be manufactured. Finally, Green overesti-
mated the overall length of snow road that will be necessary
for the entire project, supra.
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It should be noted that the Arctic Coastal Plain construc-
tion is scheduled for the third construction winter. During
the first two winter seasons, Arctic Gas will gain snow road
construction experience in Canada. -Dau testified that if
experience indicated that the expected mainline construction
progress could not be obtained along the Arctic Coast, there
would be sufficient time to mobilize an additional spread in
Alaska in the third winter season. This would reduce the
required average single-spread production per season from 65
miles to 49 miles. Similarly, Spread "G,” currently not proposed
to be utilized In the third winter season, would be available
in the Canadian section of the Arctic Coastal route, reducin
average spread production per season there from 67 miles to 47
miles. The estimated capital costs of these two additional
spreads would be $118,600,000 (233/40,549), Thus, the amount
of snowfall or speed of construction can only affect cost, and
not the timeliness or environmental safety of the project.

" Green stated that terrain pgrades would be a problem for
snow road construction. First, Green states that when the road-
way grades exceed 10%, it will be necessary to re-route the road
outside the ROW to attain more favorable grades. This will
require additional construction time, Second, it was noted
that where grades are steeper than 15% for lengths of alignment
in excess of 200", and where cross slopes are greater than 5%,

a more sophisticated snow work pad than is planned by Arctic
Gas must be considered, Third, small variations in ROW
slopes can have very large effects on snow requirements. By
way of illustration, a transverse slope as minor as 2% could
double the snow embankment quantity.

The Green Construction witnesses were uncertain about the
extent of the grade problem on the North Slope. Green witness
William Powell testified that he thought there were some "pretty
fair grades" in Alaska, at the river crossings. Other than
this, he conceded that the slope is fairly flat, becoming more
rolling as one goes east. However, Powell seemed unsure
whether there are any grades over 107 in Alaska, although he
was certain there are grades over 15% in Canada (166/27,201-210),

The FEIS of the DOI, "Alaska," (8T-26) states that infor-
mation submitted by Arctic Gas indicates that 90% of the slopes
traversed by the route in Alaska are less than 3° (5%). There
are 56 places where the slopes range from 3°9-90(5%-15%), and
most of the steeper sloges are near stream crossings and
locally may approach 20° (35%).
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Similarly, the FEIS of the DOI, "Canada," (8T-27) states
that most of the route in Canada 1s flat, although some areas
contain slopes of 5%-10%. Larger slopes occur in scattered
areas, generally at stream crossings.

Arctic Gas is apparently aware of the added snow require-
ments of graded terrain, but it is not clear that it has
taken this into account in its construction plan. At Inuvik,
tests were run over terrain with grades up to 177 and cross-
slopes up to 11%. Dau testified that the depth of the snow
road at Inuvik was 2%', because of sloping creek crossings and
hummocks (25,3,751-54), Williams testified that, although the
terrain is genera§1¥ flat on the North Slope, stream crossings
have banks up to 10 high., At these c¢rossings, some grading
will be required to ease the slope and facilitate pipeline
construction. Snow fill can be used. However, Williams also
testified that a level terrain was assumed for the Arctic Gas
water requlrement study; this was not a significant omission
because of the very liberal requirement estimates. One indi-
cation that Arctic Gas has considered snow fill needs is Dau's
testimony that the average thickness of the traffic lane will
be 18", but 12" is adequate on level terrain (23/3465-70) In
sum, the consensus is that additional snow will be needed for
grading purposes. Arctic Gas should include such estimates
in its plan, if it has not already dome so.

Green also criticized Arctic Gas for not fully considering
ice bridge problems., It was noted that numerocus ice bridges
will be needed to cross the North Slope and the Mackenzie Delta.
These bridges will be required at those streams whose warm
spring tributaries allow year round flow or where the tundra
has frozen to carry equipment. Crossing the rivers can be
difficult and hazardous.

Dau testified that it is a common and accepted practice
in the north to use ice bridges to cross streams which have a
year round flow. These bridges are constructed by removing
the insulating snow cover and pumping water onto the road
surface to thicken the ice {(20/3051~55). Dau stated that ice
bridges will be used on the major rivers of Northern Canada
that do not freeze to the bottom. Green's main concern here
seems to be the lack of specifie planning for ice bridges
and the timing difficulties they could present. Again it is
basically a question of timing and cost and the need for
proper planning. Arctic Gas has developed adequate plans for
the construction of ice bridges.
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5. Costs

Arctic Gas has estimated that it will cost $50,000/mile
to manufacture snow for snow roads. However, Arctic Gas has
not submitted a general cost figure for snow road construction
but has included snow road costs in its pipeline installation
costs, Dau offered a '"ball park figure' of $40,000-$50,000/
mile for constructing a snow road/pad in which manufacturing,
hauling and snow fences are used (23/3501-02), Williams
testified that Arctic Gas has assumed the cost of snow fences,
hauling and manufacturing unrealistically lengthy segments
of snow road.

As elsewhere, El Paso criticized these costs. Green
Construction, in EP-236, estimated snow road costs wusing the
three gathering techniques, for the Alaskan and Canadian
segments, Green concluded that Arctic Gas has greatly under-
estimated the cost of snow road construction primarily by
not taking into account snow necessary for grading
and leveling the work pad. As stated earlier, however, several
of the other assumptions made by Green vary with Arctic Gas'
assumptions: length of snow road/pad; length of additional
snow road; amount of snow fencing; rate of production; 30-mile
snow road lead time to begin pipeline construction; necessary
equipment; crew and wage rate, etc. Moreover, Green's method
of analysis was to determine the cost of using each snow accumu-
lation technique on the entire route,which could grossly inflate
the cost figures. Dau considered Green's costs for harvesting
snow "ridiculous and without apparent relationship to the
route of the pipeline.

Finally, Green witness David Argetsinger curiously diluted
the impact of the EP-236 cost estimates by stating on redirect
that the costs estimated here were not carried into the El
Paso cost analysis. Argetsinger testified:

When we got to the cost analysis, it was--~we were
using Arctic's estimate. The information we had as
our basis. And when we compared our figures with
thelrs, it appeared that probably the dollars we had
in here may have been close to the dollars they had
but because their estimate was made up slightly
differently, it was impossible to make a complete




comparison, but we could conclude that probably we
would not be able to--if we took a fairly comservative
approach to the snow-making procedures, there would
“be no significant lncrease in cost from using our
estimate (167/27,443-444),

In final analysis, those potential construction problems relied
upon by Green as possibly hindering the Arctic Gas snow road
plan do not invalidate the plan., It is found that from a
geotechnical and construction point of view, the Arctic Gas
proposal to use winter snow road coastruction is feasible.
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E. Arctic Gas.- Crosgs~Delta Construction

Canadian Arctic Gas orlglnally proposed a circum-delta route,
in which the pipeline skirted the western edge of the Mackenzie
Delta, joined a lateral extending from Richards Island at Travaillant
Lake Junction, and continned to Thunder River and south,

On February 12, 1976, a cross-delta amendment was proposed.
This route leaves the former prime route near Shingle Point (MP:2981)
and proceeds across the delta to meet the Richards Island supply
line at Tununuk Junction (MP 372). The route then proceeds south
and jolns the former prime route near Thunder River. In addition,
Canadian Arctic Gas proposed a 24" supply lateral to the Shell 0il
Niglintgak plant and a relocation of the 30" lateral to the Gulf
011 Parsons Lake Plant. (See map, AA-34,88bl.3 Figure 2)

The total length of the original prime route is 415.9 miles.
In addition, there are 2 miles of twinned pipeline under the
Point Separation and Peel crossings. The total length of the cross-
elta route 1is 277.3 miles. 1In addition, there are 36.5 miles of
twinned 36" pipeline through the delta, Ej

Three issues have been most widely discussed on the record
concerning the cross-delta route: operations and maintenance,
snow geese and beluga whales, Given adequate compliance with con-
ditions, none of these potential problems are significant or
Justify denying certification of the route. Each issue will be
discussed in turn, and then several other relevant considerations
will be addressed.

1, Operations and Malntenance

The main operations and maintenance conecern is the inaccessi-
bility of the pipeline for repairs during certain periods of the
year. Of course, for this problem to eventuate, the pipeline mst
first suffer an outage, and this outage must occur during speci-
fied seasons. The chance of all factors occurring at once 1s remote.

a. Risk of Outage

As stated supra, twin pipelines are planned for 36.5 miles
of the route through the Mackenzie Delta. While these twin lines
will be about 50' apart on land, they will be about 200' apart under
Shallow Bay. Gas will be flowing through both lines concurrently.

1/ The cross-delta route, including the twinned lines, is $190
million less expensive than the original prime route
(AA-36 page 3).

vhoAk
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Arctic Gas stated that it hasg proposed twin lines because of
the possibility of inmaccessibility and not as a reaction to any
increased risk of outage. 1In fact, it has.concluded that the risk
of outage within the delta 1s very low, on the order of once in
several hundred years (161115,52§§. The probabllity of failure
occurring Iin both lines is extremely remote. Although this general
risk assessment was based only on AGA and Canadian studies of "con-
ventional" pipelines, Arctic Gas witness Lee Hurd testified that
the unique geotechnical conditions occurring in the north do not
suggest that failure would be more probable there. In fact, Hurd
ocbserved that because there would be noc "outside forces" on the
North Slope that eould cause damage, the frequency of fallure would
be somewhat lower than that of the typical North American pipeline.

Aretic Gas studied the geotechnical aspects of the cross-delta
route to a greater extent than the original prime route. The wit-
nesses testlfied, without substantial dispute, that the delta pipe~
line would be designed so as to greatly minimize any potential
danger to the Integrity of the line.

The cross~delta route will cross 4 or 5 rivers with ice scour
potential attending breakup. ]/ However, the 4.5-mile crossing of
Shallow Bay does not experience this problem, In fact, the cross-
delta route avolds the Point Separation crossing of the circum-
delta route, which presented the most severe ilce jam and scour
problems, While ice scour potential does exist to some extent on
the amended route, it tends not to occur in the outer delta where
ice break-up usually occurs by rotting in place rather than by large
chunks of ice breaking off and rapidly moving (101/15,526), The
pipeline will be designed to withstand the foreseeable ice scour
problems that do exist.

The pipeline will be buried in highly frost-susceptible soil,
in that it will be laid in unfrozen ground under bodies of water.
However, extensive testing has revealed that although the silt is
highly frost~susceptible, it has a low shut-off pressure (pressure
at which water is neither taken into nor expelled from a soil during
freezing), Thus, as the frost bulb penetrates, ice lenses will not
develop, and the potential for frost heave is lowered (102/15,596),
Burial depths of 10'~20' will generally be sufficient to maintain
the frost heave within safe limits,

While there will be a slight enlarging of the active layer dur-
, ing the inactive season, this will not reach the depth of the pipe-
line,and thaw settlement is not a problem (102/15,595).

1/ Ehe scour is the cutting of river or ocean bottoms by compacted
ce.
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Alsc, while there 1s theoretically some potential for lique-
faction in the Shallow Bay area, Arctic Gas witness John Clark
testified that he has run 29 tests and has not yet been able to
liquefy the soil within set conservative criteria (102/15,555-558).

b. Ability to Repair

The chief concern is that, in the unlikely event of a
plpeline outage, the affected area will be inaccessible to repalr
crews. There are several periods during the year when repairs
would be difficult or impossible: 4-6 week break-up period in
early spring, when ‘flooding and ice are likely to Erevant access;

2-3 week freeze-up period in late fall, when soft ice would make
access difficult; several Iror 2-day summer surge periods when

severe flooding would preverct access, During the flood stages, 35-40
miles of the delta may be inaccessible, while icing would prevent
access only to the channels crossed by the route,

A small pl aiayinﬁ barge will be stationed in the delta area
on the remote chance that it would be required for maintenance of
gections buried under channels, Maintenance crews will have specisl
amphibious transport capabllity and balloon~tired LGP vehicles to
ensure access in summwer, Depending on when repairs are necessary,
summer repairs might impact snow geese. Dr, McCart testified
that any disturbance, however, would be short-term.

2. Enviromment

a. Snow Geesge

The primary environmental concern of the cross-delta route
involves gsnow geese. These migratory waterfowl are white with
blackish primaries. They breed in Arctic America and migrate south,
They stage in varying numbers on the outer Mackenzie Delta from late
August to late Sagtember. Buring a normal year, when the Alaskan
North Slope is relatively snow-free, a relatively small number of
snow geese-=25,000--stage on the delta. However, 1if there is an
early, heavy snowfall on the North Slope, as occurred in 1975 and
which reoccurs about once every 8 years, 275,000 geese may arrive
at the area around Shallow Bay. Arctic Gas proposes summer construc-
tion across Shallow Bay.

The three main hazards to snow geese stem from compression station
nolse, human ground activity, and aircraft overflights. The com-
pression station problem has been largely alleviated by Arctic Gas'
intention to move CD-08 from the central part of the outer delta
eastward to Tunmunuk Junction  (Gunn direct testimony, 172/28,229;
statement of Counsel Daniel Collins, 133/21,370},Ar¢tic Gas' orni-
thology witness Dr., William Gunn considered this his most important
recommendation concerning the cross-delta route.
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Similarly, the impact from human ground activity will be sub-
stantially mitigated by restricting human activity to the construc-
tion and camp sites, In any event, because of the nature of summer
activity, workers will have no means of moving a significant distance
from gravel work pads. Vehicular traffic on land will be restricted,
and water vehicle traffic will be controlled. Weapons will be few
and strictly controlled and hunting prohibited. Sound emissions
will be reduced by silencing devices  (Ex. AA~34), Presumably,
conditions so requiring will be imposed by Canadian authorities.

Aircraft overflights present the most potentially significant
disturbance to snow geege. It is clear that snow geese use their
fall staging on the Mackenzie Delta to increase their body weights
and fat reserves in preparation for their long southward migration.
It is likewise apparent that snow geese are extremely sensitive to
alreraft cverfliggzs, flushing in response te 6ver-f{ights of up
to 10,000'. With the present airplane frequency of one flight every
4 hours on the North Slope, snow geese feeding time is potentially
reduced 27 - 3%. 1f flights are increased to one flight very 2
hours, feeding time is potentially reduced 8% - 10%. If this loss
of feeding time is added to the "fuel' expense in flying away, young
birds might lose up to 20% of their "fuel capacity.," The result is
that birds would alter their migration patterns to stop more fre-
quently to feed. This may bring them inteo areas of more intense
hunting or less plentiful food supplies (18/2705-68). Of course it
vould just as well bring the geese into areas of less hunting pres-
sure, Thus, disturbance on the delta may result only in a short-
term change in migration patterns, or in the worst case, greater
mortality to the flock after the single summer comstruction season.
Even 1f a reduction of the flock does result, however, there is
evidence that watérfowl management techniques can be successfully
employed to reestablish the preexisting size of the flock. Alcan
witness David HickeokK, a uniquely qualified specialist in arctic
envirommental 1ssues, testified that bird populations can be enlarged
by manipulation of 'the land: "I have managed wildlife refuges in
places in the country where we had two or three hundred geese, and
with some manipulation of the habitat end up with 30,000, 50,000*
{206/35,320), In responding to a question concerning the alleged
threat to staging on the delta, he added:

I have worked with snow geese in the 5t. Lawrence
country and also right over here in Delaware; the
largest population of snow geese on the Atlantic
Coast come to a place called Bombay Hook refuge
which is just down below Marcus Hook refinery about
ten miles and snow geese, like any other goose, they
are going to get thelr requirements and if they
don't get them one place they will get them another
(206/35,321).
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Brina Kessel, another Alcan witness and an ornithologist, expresses

a contra view, asserting that waterfowl management was in its infancy
Tn the far north and that flock enhancement traditionally has been
through reestablishment of breeding habitat. She described impacts
as more pronounced in the Arctic, and therefore more difficult to
mitigate because of the more intolerant climate. 1/

Dr. Gunn testified that disturbance to geese can be held to an
acceptable level if aircraft flights are kept below a rate of one
every 2 hours, The existing rate in the delta 1s one every 4 hours
During construction of the cross-Delta pipeline, 1t is estimated
that there will be 4-5 flights per week., Daring operations, there
will be 3-4 flights per month., Thus, the projected number of flights
will not approach Gunn's estimated danger point. In addition,
Arctic Gas witness Russell Hemstock testified that alrcraft traffie
will avoid any area of snow geese staging and be curtailed during
this period. Flights will also maintain a 2,000' minimum altitude,
In sum, Dr. Gunn testified that if alrcraft flights are limited as
projected and ground activities are restricted, construction can
continue in a normal staging year with no critical effect on snow
geese, If there is any disturbance to snow geese, they would have
the alternative of staging on the North Slope in the usual year.

The most significant hazard pertains only to the period of
unusually heavy Delta use. It is only in the 1 year in 8 when
heavy snows on the North Slope lead to increased staging on the
delta that disturbed geese would have no North Slope alternative,
And, it is unclear whether impacts on these geese would be gevere
1f overflight and ground activity restrictions are enforced. Dr,
Gunn suggests that construction cease during these periods-~ taking
1975 as the worst case would require construction to cease from
September 7 - September 21, Arctic Gas refuses to commit itself to
speclfic conditions at this time, stating on brief that it will
evaluate the scope of construction activities that can be continued
in such years "on a site specific basis, having consideration for
gz?aentration areas, construction activities, etc.'" (AG Env. Brief,

While it may be premature to hold Alaskan Arctic to construction
conditions placed on Canadlan Arctie, several recommendations con-
cerning timing of construction deserve serious consideration. Dr.
Gunn has suggested that work pads on each side of Shallow Bay

1/ As an indication of how scientists may view things differently,
Dr. Kessel is willing to approve construction within one mile
of an actlive peregrine falcon nest. All other ornithologists,
whether on a general or site-specific basis, suggested much
larger buffer zones. (See infra) The peregrine, unlike
the North Slope waterfowl, is on the endangered 1list and is
almost extinct,
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scheduled for construction in the year preceding pipeline construc-
tion be bullt in August, not September. Second, . Arctic Gas pro-
poses Shallow Bay construction from June 15 - October 1. Mr,
Hemstock  suggested that Arctic Gas is presently consldering
starting construction earlier to avoid lmpact on snow geese (100/

15,456).

Last, even if the flock is adversely affected during the
year of construction, hunting snow geese on the North American
continent could be curtailed. DOl witness Maxwell Britton con-
jectured that the snow goose is already covered under a migratory
waterfowl treaty between Canada and the United States, which sets
the harvest of snow geese by hunters based on bird population,

b, Beluga Whales

There has been some discussion on the record concerning
the impact on beluga (white) whales in Shallow Bay. These whales
average 10' in length, occur chiefly in the northern seas and
migrate to the Mackenzle estuary each summer. Submerged adult whales
cannot be seen in the turbid water of the estuary, while calves,
because of thelr dark color, are difficult to sight at all. F.F.
Slaney & Company, Ltd., as consultants for Imperial 011 Limited,
studied beluga whales in the Mackenzie Delta estuary from 1972-1975
(AA-96A). Whales were present in the bay from late June to late July.
Slaney suspected that the whales used the warmer waters of the Bay
for calving. In several of the years studied, a number of belugas
penetrated the Bay to a point south of the proposed pipeline. How-
ever, most of the animals remained seaward of the proposed route.

Slaney observed the effect of barge traffic, dredging and
construction of artifiecial island activity on whales. The report
mncluded that there was no significant effects on whales' behavior
or movement. Moreover, the 1975 total of harvested animals in the
estuary was close to the mean of the last 4 years, suggesting a
lack of adverse impact.

The Arctic Gas Environmental Report (AA-34) supgests that noise
is probably the most dangerous impact, and whales will move a safe
distance away when confronted with a new sound source. If whales
are seaward of the source, they will have a less panicked reaction,
and some animals even display a cautious curiosity once assured of
ready escape. Hemstock testified that construction activity wouldn't
disturb whales more than 1 mlle away,

Finally, although there have besen no specific studies on whale
tolerance of turbidity, the existing high turbidity in the delta
reglon suggests that any addit{onal turbidity from pipeline construc-
*1on would not have a serious impact.
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In sum, there i£s no indication that construction activity will
have a detrimental effect on whales in Shallow Bay. Any effect
that is felt is likely to be minor and short-term.

¢. Significant Advantages and Other Considerations

There are several significant advantages of the alternative
routing from the construction and envirommental point of view iden~-
tified on the record. Some of these are self-evident: the route
is 5190 million less expensive, traverses 138 fewer miles and will
require two less compression stations. Of course, the shorter length
of the route means it will disturb less wildlife habitat and vege-
tation and require fewer miles of right-of-way. Arctic Gas has
sg&tgé on the record that it would accept a certificate not crossing
the delta,

More specifically, Arctiec Gas witness R. D. Jakimchuk testi-
fied that the cross-delta route is marginally preferable to the
original prime route from the standpoint of terrestrial mammals,
While the cross~delta route might be more likely to confront grizzly
bears and occasional small numbers of polar bears, it avolds Por-
cupine caribou migration and watering areas on the west side of
the delta and potentially serious interferences with Dall sheep on
the circum-delta route  (Ex, AA-99). Similarly, Arctic Gas witness
Donald Dabbs preferred the cross-delta route from the standpoint of
vegetation. As stated supra, less vegetatlion, especially forest
vegetation, will be disturbed. Moreover, the proposed route tra-
verses less steeply sloped terrain, and thus erosion control is
easier. Finally, revegetation efforts would be enhanced by the
annual floodings which deposit mutrient rich river silts in the
area  {(Ex. AA-974),

The FEIS states that the cross-delta route can have potentially
severe adverse effects on fish., However, Arctic Gas witness Dr.
Peter McCart testified that constructlon and operation of the pipe-
line can be accomplished without a detrimental effect on fish popu-
lations. Shallow Bay itself is quite depopulate and has high sedi-
ment levels. The construction of an experimental trench in Shallow
Bay in 1975 caunsed little apparent disturbance to fish  (Ex. AA-103),
Dr., McCart was not concerned about the impact on overwintering fish,
since unlike northern Alaska, there Is ample freedom in Canadian
streams for fish to move to other areas 1f the pipeline crosses
an overwintering area (15,466-467), Sediment levels should be
monitored in streams, although the slower-moving streams encountered
in the cross-delta route will likely make any sedimentation problems
more localized.
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Arctic Gas has stated that facilities wlill be maintained at
least 2.5 mlles from known peregrine falcon nesting sites, to the
extent practicable., On the original prime route, there are two
peregrine nesting sites within 3 miles of the route. On the cross-
delta alternative, the route lies less than one mile from a tradi~
tional peregrine falcon nest site. Dr. Gunn sugpested site-specific
adjustments to protect raptors., Arctic Gas witness Randall Gossen
testified that engineers will take Dr. Gunn's concern into considera-
tion during final design. Since the number of Canadian Arctic
peregrine falcons has declined from over 200 to 60 (28,377), it is

expected that realignment to avold the nesting sites will take
place.
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F. El Paso-Technical Feasibility and Construction Schedule
Pipeline. i

El Paso proposes to transport natural gas 800 miles due
south from Prudhoe Bay, liquefy it at a plant in a seismically
active area, load the LNG onto 165,000 cubic meter tankers,
transport the LNG in these tankers 1,900 miles to a point in
California and unload the LNG into a regasification plant also in
a seismically active area. To find that it can do so within the
5-6 year overall schedule -- at the capital cost projected and
with the system reliability required by an energy-delivery system
transporting a substantial part of the U.S. energy supply --
requires an analysis of a number of engineering and geotechnical
designs. These include a range of considerations involving
geotechnics (frost heave, permafrost, soil data and slope
stability), seismicity, iiquefaction (design, storage and marine
terminal{, pipeline design and aligmment (including realignment
case), logistics, water availabilicy, gravel supply, glacial
impact, and pipeline crossings of streams, roads and other
pipeline crossings, etc. As with Arctic Gas, the most signifi-
cant considerations are discussed below.

LNG is a natural gas cooled to -259°F. so that it forms
a liquid at approximately atmospheric pressure. As it becomes
liquid, it reduces in volume some 600 fold, thus becoming
sufficiently compact to make both storage and long distance
transportation economically feasible. Natural gas in its liquid
state at present has no practical use but must be regasified and
introduced to the consumer at the same pressure as other natural
gas. The cooling process does not alter the gas chemically in
any way, and the regasified LNG is indistinguishable from all
other natural gases of the same composition. Essentially, LNG
1s transported as a liquid at close to atmospheric pressure in
cryogenic carriers -- similar to iced tea in a thermos bottle or
more like liquid oxygen in a Dewar flash recalled from high
school science classes.

1. LNG Safety

LNG is neither poisonous nor a pollutant and is
neither more difficult to handle nor contain than any other 1i?ytd
hydrocarbons either under pressure or in cryogenic containers.l

1/ 'No party has raised the question of LNG technology safety until
the closing briefs of the Califormia State Commission and the
Conservation Intervenors did so in an almost off-handed manner.
Consequently, it was not briefed, although it could have been,
in the Engineering Briefs. El1 Paso, in another excellent dem-
onstration of its anticipation of issues and attention to
detail, filed a 55-page response 8 days later addressing all
LNG safety issues except risk analysis. El Paso's brief con-
tains a wide range of technical summaries of the properties
of LNG (pp. 2-16).
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Except for fire hazard discussed below, it is less -hazardous to
handle from health, environmental and reactiveness than most
chemicals., Its handling and transportation history, aside from
a tank material failure in an uncontained facility during its
infancy causing multiple deaths in Cleveland in 1944, has been
exemplary for the last 30 years., Literally, hundreds of instal=-
lations now exist worldwide--with the preponderence being in
the U _S. and Canada--and the technology of LNG handling is both
proven and reliable, The evidence of record here shows that LNG
technology exists which will permit the safe design and operation
of the facilities proposed to be constructed by El Paso and
Western ING, Due to the complex nature of the facilities,
however, there are possible reliability risks of substantial
plant outage, discussed infra, but they are not related specifi-
cally to ING technology.

This is not to say that ING is not a hazardous substance
to be treated with great respect and warranting the highest
level of safety precautions., It, like its close cousins
LPG and the range of napthas, is highly flammable under certain
conditions and if not properly contained could cause great
damage. 1/ This stems from its high Btu content, its propensity
while a Tiquid or a heavy vapor to collect in low places, and
its rapid vaporizat.on when in contact with a heat source., Since
LNG is stored and transported at =259 degrees, both land and
water are huge heat resefvoirs which generate high initial, and
in the case of water, sustained rates of ING vaporization., LNG
will burn only at certain air-gas mixture levels, the so-called
flammable limit, and can be ignited readily at that level.
There is no evidence that it will explode unless the gas is
confined, -

The greatest danger from an LNG accident is the formation
~of a large vapor cloud which could be ignited just before it
becomes too diluted by mixing with air and becomes too lean to
support combustion., An LNG fire at the moment of release of
LNG would be located only at the source and would damage, assuming
it were not in a contaimment area, only the facilities at the
site. The fear raised by those opposing LNG facilities in
populated areas requires, therefore, certain assumptions. First,
there must be a large spill; second, no ignition at the time of
the spill; third, a large vapor cloud formed; fourth, no ignition
of the vapor until it had reached its largest proportions; and,
fifth, ignition of the vapor cloud at its maximum size immediately
before it would become too dilute at the fringes to support
combustion.

17 Western LNG, Staff and DOI all either presented evidence
or discussed the problem attached to LNG handling and
safety. See discussion infra, in California plant siting.
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For maximum possible damage, however, several more assumptions
must be made. There has to be little wind, since wind will
disperse the gas rapldly. There must be an unlimited supply of
heat -- a spill on land, for example, would rapidly cool the land,
reduce transfer of heat, limit vaporization, and consequently
reduce the size of the vapor cloud. There must be no source of
ignition while the cloud is spreading over the terrain, including
populated areas, until the vapor cloud has reached maximum size.
One last rather critical assumption generally has been made by
those engaging Iin risk analysis of LNG spills. Most LNG facilities,
even in populated areas, are located in industrial areas and there
are few people within a one-half mile or a mile. A small spill,
or one quickly ignited, therefore, is not dangerous to the general
population. In order to achieve the large size vapor cloud
necessary to create even measurable risks for people located some
distance away, an assumption has to be made that a huge volume
of LNG be released instantaneocusly, but that it be done by a force
which causes no spark to ignite the escaping wvapor. The instan-
taneous spill can be envisaged as a Dixie cup filled with 10,000
cubic meters (a room about 70 feet wide x 70 feet long x 70 feet
deep) suspended over the ocean./ A large hand now removes the
Dixie cup and the LNG whooshes of a sudden into the ocean. In
other words, the risk analysis is not realistic; it 1s a textbook
analysis since only in textbooks can one envisage the removal of
the container, such as a ship's hold or the contents of a storage
tank, in the manner proposed.

The risk at the Oxnard LNG plant, as discussed infra, to
a person 5/8 of a mile away from the LNG terminal was about 7
times less than the risk to the same person of belng electrocuted
by faulty wiring when flicking a light switch in his residence.
To restate the initial premise, LNG is hazardous and must be
treated with respect. The risks assoeclated with its use must
be analyzed. But, they must be done so on a credible basis with
assumptions that are in themselves credible, and much of the
risk analysis has not been done on that basis.

2. LNG Technology

El Paso's LNG system includes three main components; lique-
faction plant and storage tanks, a marine terminal, and a
fleet of cryogenic tankers. The general tenor of the engineering
criticism of this LNG system goes not to basic feasibility which
1s now used worldwide, but instead to the degree of reliability,

17 The Western LNG analysis uses an instantaneoys spill of
37,500 M° (a single LNG ship tank), 88,000 M° (a single LNG
storage tank at Oxnard, and 352,000 M? (all 4 Oxnard storage
tanks) (WL-51 8-78.) WL-51 is a several hundred page volume
prepared solely as a risk analysis for the Western LNG
terminal at Oxmard.
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efficiency, and economics of this plant at this location., The
three components are briefly described seriatim.

a. Liquefaction Plant

Liquefaction of the Prudhoe Bay gas at the Gravina
Point plant is accomplished by the "Phillips Optimized Cascade
Cycle' system. During the hearing, El Paso presented a modified
gas turbine design (MOD POD) within its ING plant design which
it asserts will reduce turbine fuel consumption by some 35% over
the original design. Under the 2.4 Bef/d altermative the plant
would consist of six independent parallel processing trains
(8 trains under the 3.2 Bcf/d alternative), each train with an
inlet design flow rate of 421,88 MMcf/d. Each train would
contain three processing units: a diglycolamine gas-treating
unit in which the C0O7 is removed to prevent deposits in the
cryogenic equipment; a molecular sieve gas dehydration unit in
which the gas is dehydrated to prevent moisture freezing in the
cryogenic equipment; and the Phillips Optimized Cascade Cycle
liquefaction unit which reduces the feed gas temperature- by
first sequentially subjecting it to propane, ethane and methane
refrigerants and then flashing it to remove nitrogen., As the
ING is manufactured, it would be pumped inte the four 550,000
barrel cryogenic storage tanks {(a total capacity slightly
exceeding two tanker loads) to await loading into the cryogenic
‘tanker,

b, Marine Terminal

-~

The ING would be pumped from the storage tanks and
loaded onto the cryogenic tankers through the marine terminal,
w ich is comprised of the following major components: two
berths for the cryogenic tankers; deck; 1,200~foot levy trestle
for ING pipeline and vehicular traffic; loading platform;
londing arme; LNG load and return systems (capacity of 58,000
gallons per minute to each ship}; tower and control house; and
berthing and mooring dolphins.

¢. Cryogenic Tanker Tleet

The ING carriers {11 ships under the 3.2 Bcf/d case or
§ ships under the 2,4 Bef/d case) each would have an ING capacity
of 165,000 cubic wmeters. Assuming Gravina Point and Point
Conception as the terminals and an average service speed of 18.5
knots, each ship can make the 3,804 mile round trip in 11,5 days,l/
dith each ship operating 230 days per year, the ll-ship fleet .
would theoretically transport 308 loads of ING annually, The
doul:le Lutll, double propellex, 1,002«foot long and 150 foot
%Gﬁm tanker could employ any of {ive LNG containment system
dasipns,

1/ 18,5 knots apparently is in calm water under assumed
test conditions (52/7758). See, infra.
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i te dacign lg oot Leyond Lo curront staze
of the art and cawn be "zealed up' for commercial cpera:lon,

In narcicular, El Tasc siressce the wodulaz nziure of tha plauc
{eight or six indepeadent panrallel frains), as well ag the fact
that each element in the trains las bheen tested and Le in
commercial opcratien, Likevice, El Paso contende that it is
capable of "ecaling up' its cuvrent 125,000 cutic melexw
cryogenic tanker technology to the 165,000 cuvic meker dasign
required in this cass, In this r gard, it nokes in particular
that the "block coefficient” iz gubsstantially the same betuween
the exlisting 125,000 and the proposed 165,303 cubic neter
tankers and that the additional 40,000 cubic meters requires
only a few more feet of length and beam. El FPasc concludes

from ite computer simulation teebniques, discusgsed intra, that
the proposed fleet can hendle 105% of the LNG plant’s capacity
and that, with only 10 of the 11 ships proposed for the 3.2~
Bef/d case, the fleet could handle 28% of the output for 2
vears, EL Taso claims that the ING plant and Laniker fleet,
because of the operational flexibility designed into them, are
successfully integrated, V¥or example, it counkers the attack
that LNG production during periods of delayed ship arrivals will
often exceed 200,000 cubic meters of storage capacity ty
asserting that this would only occur 12 times a year and that
its storage design capacity of about 350,000 cubic meters pro-
vides an adequate worgin of flexibility,
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Arctic Gas levels a number of attacks at El Taso's LNG
technology in an effort to augment the perception of risk
involved, To begin wit':, it poinis out thacr the Phillips
Optimized Cascade Cycle process to be used in each liquefaction
train has only beecn commercially applied one time, that Leing
at the Marathon~Phillips Xenai, Alaska plant. Alsc, Arctic Gas
warns that the 220% scaling up of the larpest existing train
(172 ¥cf/4) to ithe proposed 370 plicf/d utilization is com-
merically unproven, It cchoes the same thought with respect Lo
the cryogenic tankers, Related to this theme of uncertainty,
Arctic Gas interjects, are the additional design innovations
made by El Paso €pure ethylene in lieu of methane/ethane second
stage relrigerant, refrigeration hrat exchange nearer to thermal
equilibrium, combined cycle-gas/steam~turhbine-mechanical
compressor drive) in the name of improved fucl efficiency,
Arctic Gas contends that these innovations would increase the
system's complexity and sensitivity to abnormal operating con-
ditions. Expanding on this theme even further, Arctic Gas
challenges the predicted 9¢,5% reliability of E1 Paso’s MOD POD
because the recent advances in gas turbine technology employed
therein have very little opevating history. Moreover, it
congiders El Paso’'s elficient fuel usage (only 5% of inlet
volume as opposed to 14% at the Kepmal plant) theoretical, at
best, and based on estimates abstracted from an engincering
calculation.
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Arctic Gas concludes by doubting the successful integration
of LNG plant and tanker fleet. It views the 2-day storage
capacity inadequate 1n light of the average tanker arrival
interval of 1.2 days; that is, any delay increasing the interval
to over 2 days would force a reduction in LNG production. As a
related matter, Arctic Gas finds imprudent El Paso's plan to run
the liquefaction plant at 105% of design capacity overtime to
make up any reduced production, since the LNG plant manufacturer
would not guarantee such overcapacity operation. Arctic Gas
reasons therefrom that El Paso would have to design for such
extra capacity, which of course means greater capital costs.
Alcan also doubts El Paso's ability to scale up and integrate its
LNG plant and tanker fleet,

In order to adapt the LNG process to the transportation of
the tremendous dally gquantities of Prudhoe Bay gas, El Paso has
had to greatly expand upon the design of commercially applied
technology. In an effort to overcome the inherent LNG operational
problem of altering the physical state of the gas, El Paso has not
only greatly increased the capacity of each liquefaction train
but also initiated a number of design changes, including MOD POD,
to improve fuel efficiency. There have been 1o serious questions
raised as to whether this system could function. From the LNKG
point of view, it can be built. But El Paso's design approaches
the "current state of the art,' there being prototypes and
successful commercial application of parts of its designs, but
no entire plant which combines all these pleces. Although Mr. Pasek
testified that on the basis of his experience he believed that the
design figures for full usage at the LNG plant could be computed
Yuithin 95% order of magnitude" (47/7079), it is impossible to
state with confidence, for the reasons stated below, that El Paso
can achieve the fuel efficiency rate and operational performance

claimed,

To begin, El Paso will substantially improve upon the 147
Btu shrinkage at the XKenai plant, which also employs the Phillips
process, whether or not it achieves only the 5.44% shrinkage
claimed. This improvement in liquefaction process fuel efficlency
results from differences between the Kenai plant and El Paso's
project which do not depend solely upon advanced design modifica-
tions: (1) the chemical makeup of Prudhoe Bay gas (substantially
more of the heavier hydrocarbons than the almost pure methane
composition of the Kenai gas) requires approximately 157
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less horsepower to liquefy than the gas for the Kenai plant, and
(2) combined cycle turbines to drive the compressors are more
efficient than the single cycle turbines employed at the Kenail
plant (170/27,943-27,944),

However, the producers have stated that they will reserve the
right in contracts with shippers to extract liquid hydrocarbons
from the gas stream, and the State of Alaska has asserted that it
wants the extractlon plant built in the State. If the extraction
takes place upstream of the LRG plant, that portion of the increased
LNG plant fuel efficiency resulting from advantageous intake gas
composition would be lost. TIf, on the other hand, the extraction
takes place within the LNG plant, the overall plant fuel efficiency
may not suffer, although the allocation of fuel between the
liquefaction process and the extraction of liquids could produce
the same efficiency loss assessed against the liquefaction process.
In elther event, gas consumers would not reaiizf the full benefits
of the LNG plant efficlency claimed by El Paso. /

3. Selsmicity
a, Pipeline Fault Crossings

Earthquakes, and thelr consequences are a fact of life
for any trans-Alaskan project seeking an {ice-free warm water port
in southern Alaska. The El1 Paso plipeline traverses seismically
active areas, especially 1n south-central Alaska, Based upon
Alyeska fault rupture hazard studies El1 Paso has identified only
three active linear featureg (faults) crossed by its pipeline
which would require special design, those being Dommelly Dome
(MP 542), Denali (MP573) and McGinnis Bay (MP382).2/ 1t rejects
as unsupported by the evidence claims of numerous faults in the
Chugach Mountains, although it concedes that thils region should
and cam be studied and necessary spec ifications developed within
1 year before completion of its final design. It concludes by
specifying the special design precautions to be employed for the
pipeline crossing these three active faults: heavy wall pipe;

1/ It is recegnized, however, that there might be minor offsets
to the cost effect of such loss in LNG plant fuel efficiency,
such as slight reductions in El Paso's cost of displacement
delivery of leaner gas within the lower 48 states.

2/ El Paso found no reason to design against the following faults

because of their alleged inactivity or remoteness from the

alignment: Clearwater, Landlock, Bagley, Chugach-St. Elias,
and Ragged Mountain. '
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sloping side walls'in ditch; selective backfill and loose gravel;
and shutoff valves on either side of the fault zone at highway
crossings. In the case of the Denali fault crossing, El Paso
states that the design is to an 8.5 Richter scale seismic event.

Arctic Gas, Alcan and Staff argue that E1l Paso did
not prepare, extensive selsmic studies before preliminary design
and cost egtimates, contending that it is therefore impossible
to verify El Paso's design costs. They then attack in general
terms El Paso's major fault crossing designs, polnting out that
fault motion of up to 20 feet must be designed into the pipeline.
They, moreover, then raise the problem of repair time in that
many of the active geismic zones crossed by El Paso are mountainous,
thus having the potential for landslides accompanying a selsmic
event, In addition, Staff points to the alleged numerous faults
in the Chugach Mountains including Gravina Point, which must be,
but have not been,designed against,

El Paso has identified the three major active faults
dictating special design precautions, those being Donnelly Dome,
and Denali, and McGinnis Bay (ST-19, p.263; 157/25,932-25,933;
164/26,965-26,966). The evidence shows that the design precautions
employed by El Paso, such as an 8.5 Richter scale design for the
entire length of the pipeline, loose granular backfill and double-
thickness pipeline walls crossing major faults, factoring in
0.75g, not just 0.6g, acceleration, amd automatic shutoff wvalves
are appropriate and should prevent substantial damage and service
interruption from a design seismic event (an earthquake registering
8.5 on the Richter scale with ground movement up to 20 or 30 feet
horizontally and 5 feet vertically) (42/6298-6299, 6300-6304,
6308~6309). While there is evidence that additional studies will
have to be undertaken and that additiomal design precautions are
necessary (157/25,922-25-923), there is no way to quantify this
effect and they do not appear to seriously affect El Paso's ability
to meet its estimated construction schedule (169/27,702: 154/25,434),
For example, the seismic makeup of the Chugach Mountains cannot be
ascertained from the conflicting testimony herein (157/25,936-
25,937; 164/26,967-26,969), and El Paso would have to accomplish
site-specific geotechnical research through that region before
completing its final design. El Paso has left a full year for
basic additional analysis and design and,while difficult, it is
likely that sufficient seismic analysis can be performed and design
precautions incorporated in the final pipeline design within that
period of time -~ at a cost.

b. Gravina Point LHG Plant Site

El Paso has designed its Gravina Point LNG facilities
to withstand an earthquake of 8.5 Richter scale intensity and 0.6g
ground acceleration (components mot exposed to LNG are designed
to withstand 0.3g bedrock acceleration), conceding that the
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Prince William Soumd reglon 1s susceptible to substantial seismic
activity. It advances several arguments In support of this design,
which it views as conservative, To begin with, this 8.5 magnitude
is the magnitude of the 1964 Alaskan earthquake (the most severe
earthquake reading ever recorded), and it asserts that the
recurrence interval for an 8.5 magnitude quake in Alaska is 200
years. In addition, El Pasc finds that the site is underlain by
competent, very dense bedrock (found from the surface to 40 feet
below the surface) which is highly significant in light of the
fact that very little damage was suffered by structures founded
upon competent bedrock during the 1964 Alaskan earthquake. El
Paso moreover attempts to refute any suggestion of possible ground
rupture near the site, alleging that literature and fleld research
indicate no faults at or near Gravina Point which were active in
the 1964 quake. EI Paso discounts several regional faults because
of their inactivity and/or their distance from Gravina Point
(Bagley, Patton Bay, Hanning Bay).

Based on these considerations, EL Paso asserts that
there 1s no appreciable risk from an active surface fault which
would cause ground rupture at or near the site. It ewphasizes
that the cause of the 1964 event, an active megathrust fault
underlying all of south-central Alaska, 1s the only real seismic
risk to the Gravina Point site and that its selsmic design
parametera (8.5 magnitude and 0.6g ground acceleration) are more

. than adequate to absorb the impact of such a megathrust event.
During the 1964 event, the site area was uplifted 4 feet and the
entire southern Alaskan coastal area shifted horizontally 30 feet,
but there was no ground failure. El Paso notes that the epicenter
of the 1964 earthquake was about 50 miles from the Gravina Point
site and contends that, at such a distance, the ground force
acceleration of the 8.5 magnitude quake would be much less than
0.6g. The 1964 earthquake resulted in 0.16g acceleration of the
site. The 0.6g is the level of shaking which could result from
an B.5 earthquake of an epicenter 20 miles away. EL Paso also
argues that the only other source of an 8.5 magnitude event would
be major surface faults, but that the nearest such faults ~-
Chugach-5t. Elias and Patton Bay, are more than 50 miles away.
Therefore, the impact would be too attenuated at Gravina Point to
approach design magnitude.

El Paso intends to conduct further tectonic investiga-
tions at the site within the l-year period needed to finalize the
design, although it maintains that its cost estimates for the LNG
facilities remain valid. It states that it has already included
the time and money needed for that final design in 1ts estimates.

Arctlc Gas assalls the sufficiency of El Paso's
selsmic design by first emphasizing the absence of both seismic
design studles for Gravina Point and competent seismic engineering
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which, in its view, necessarily preclude any Commission finding
that E1 Paso's facilitles could withstand a large magnitude earth-
quake and that its cost estimates are reliable. Arctic Gas
stresses the need for El Paso to undertake substantial seismic
research and design, in part necessitated by El Paso’s alleged
failure to consider other seismic factors beside 0.6g ground
acceleration in its preliminary design.l/ Such research would
take a year or more to complete, In particular it refers to

El Paso's design change from 0.3g to 0,.6g acceleration during the
hearing for the marine terminal as an example of the impossibility
of accurately assessing El Paso’s cost estimates.

staff's major difficulty with El Paso's seismic design
is its preliminary and inadequate nature, which Staff views as
precluding meaningful analysis of its project costs. In addition,
Staff ralses the specter of ground faulting offshore (within 2
miles) and inland near the site. It also echoes many of the
concerns expressed by Arctic Gas. Alcan on brief reiterates in
general terms the seismic risks faced at the Gravina Point site,

Preliminarily, not only is it uncontroverted that the
entire south-central coastal area of Alaska, Iincluding Prince
William Sound, is an area of significant selsmic risk, it
experienced in 1964 an earthquake which had the greatest magnitude
ever recorded anywhere, The location of El Paso’ s LNG plant, )
storage tanks and marine terminal, due to the sheer volume of the
gas involved and the basic nature of the cryogenic process,
mandate comprehensive and reliable seismic design based upon
creditable risk analysis to insure against a seismically-causged
disaster or even substantial service Interruption. It is clear
that El1 Paso's existing design will require substantial upgrading
and El Pasp must provide additional selsmic certainty in its
final design following certification. What must now be determined
is whether El Paso, within the time avallable, can complete its
final design to guard against the magnitude of seilsmic events
which could strike Gravima Point and, if so, how much more
this will cost.

As found below, El Paso's timing and cost estimates
following final design could well differ from its present estimates,
but its preliminary selsmic analysis 1s sufficlent to warrant
finding that the Gravina Point design and cost estimates are

1/ Arctic Gas believes that cryogenic temperatures and rotating
equipment necessitate deeper analysis than merely relying
upon desi%ﬁs for 0.6g ground acceleration. Dr. Nathanm M,
Newmark (157/25,949).
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reasonably accurate. (164/2?,G§2~27,013)%f

El Paso has In fact designed its Gravina Point LNG
facilities for an 8.5 magnitude earthquake and 0.6g ground
acceleration. It was reasonable for El Paso to base this design,
8.5 magnitude, upon the 1964 earthquake, which is the only
recorded 8.5 magnitude event (59/5055). El1 Paso heavily relied
upon Alyeska and U.S.G.S. studies which are substantial and of
great value (164/26,984), Whether such a design event were to
occur from an active me%athrust fault (164/27,003-27,004; EP-240)
as in the 1964 earthquake, or from one of the known active surface
faults in the Prince William Sound region, El Paso's seismic
design appears adequate. (8.5 magnitude and 0.6g acceleration)
(157525,938). The epicenter of the 1964 earthquake, being 53
miles from Gravina Point, resulted in aﬁiround acceleration at
Gravina Point of much less than 0.6g (164/27,030)., 1If it is
assumed that there 1s accessible and competent bedrock at the site
upon which the facilities are to be founded (59/8918-8920-9018:
EP-143-40 and 43; 60/9092-9093, 9095), this should further
attentuate the ground acceleration (59/9060-9062; 164/26,978) .2/
It 1s unlikely that a future 8.5 magnitude event with an epicenter
closer than that of the 1964 event would surpass the 0.6g ground
acceleration design. Moreover, the major surface faults In the
reglon, such as Bagley, Patton Bay and Hanning Bay, are sufficiently
distant from Gravina Point to attentuate the impact at the Gravina
Point site of any conceivable 8,5 event at those surface faults.
(59/9062-9064; 164/26,994-26-995, 26,998-26,999, 27,017; EP-240).
There was no probative evidence warranting even a suggestion of an
active offshore fault within 2 miles of the site.

Even assuming a recurrence interval of less than 200
years for the 1964 event (59/9047, 9052-9053), El Paso's seismic
design is adequate. Although Arctic Gas has raised the question
that additional seismic factors must be considered, such as specilal
design for cryogenic and rotating equipment (157/25,938), there is
no real indication that redesipgn along those lines would substan-
tially increase costs (60/9091; 170/27,966-27,970), Furthermore,

1/ It 1s difficult totally to accept at face valuve Mr., Tseklenis'
sanguine analysis and criticism of Dr, Rewmark (179/27,917).
As elsewhere, all costs, whether previously provided or not,
are considered by Fluor as having already been factored into
the equation.. ~Surely, in this multibillion dollar project,
Fluor missed something!

2/ The studies made by El Paso showing bedrock close to the
surface were minimal, although its witnesses claimed their
observations, though brief, were accurate. If corings
should reveal sedimentary deposits under what appear to be
bedrock, as was experienced at Valdez by Alyeska, costs
would be higher,
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the time and expense of further seismic studies preceding final
design is not a real problem for the study will be included in the
already scheduled and budgeted %eological and geotechnical studies.
(164/27,004-27,006, 27, 012 28,060)

The only possible seismic risk which could completely
preclude use of the Gravina Point site is the possibility of
active ground rupture at or very near the site,although the
discovery of incompetent rock could suggest cost overruns for
seismic design and construction which would prove unacceptable. .
El Paso before final design must continue to assess this possibility,
even though there is no indication that it in fact exists
(59/9066-9068; 164/26,978, 27,023-27,024). Another indication that
there are no surface faults in Gravina Point is that Harris Creek
w?t5{§§lls do not suggest being fault-controlled (164/27,014-
27, ‘

c. Tsunamis and Seiches

Major seismic activity can give rise to seismic sea
waves known as tsunamis (gravitational sea waves produced by any
large-scale, short duration disturbances of the ocean floor, princi-
pally by a shallow submarine earthquake) and seiches (free or
standing-wave oscillations of the surface of water in an enclosed
or semi-enclosed basin). El Paso asserts that the effects of
tsunamis and seiches at Gravina Point would be minimal, pointing
to the experience of the 1964 earthquake. While seiches were
generated in Prince William Sound, USGS found no evidence of sig-
nificant seiches at Gravina Point.

El Paso explains this conclusion of minimal impact
at Gravina Point by first contending that, since large tsunamis
need a large area in which to generate (400 kilometers in
diameter), the 100 kilometer diameter of Prince William Sound pre-
c¢ludes them, and that, as with the 1964 earthquake, major tsunami
waves entering Prince William Sound from the open ocean would be
substantially reduced by the numerous islands therein. In addition
El Paso asserts that major tsunami waves approaching the LNG site
would be diffused by the drag effect of the bottom of Orca Bay.
Finally, it contends that tsunamis give adequate warning of their
approach.

Turning to seiches, El1 Paso concedes that during the
1964 earthquake landslides and submarine slumping of loosely con-
solidated materials in constricted bays in Prince William Sound
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generated such seiche waves with no warning; however, it asserts
that studies have shown that no such landslide and submarine
slumping exists at or near Gravina Point.” The closest unstable
sediment is 18 miles away. This, according to El Paso, would
result in seiches reaching Gravina Point which were substantially
attentuated by the expanse of Orca Bay and the irregular shoreline,
Accordingly, E1 Paso contests Staff's FEIS statement of 30 foot

_ high waves at Gravina Point, El1 Paso concludes from the above that

its design of the marine terminal is more than adequate, asserting
that the larger tsunamis give enough advance warning for a berthed
cryogenic tanker to depart and that the seiche waves, while not
providing enough time, are too small to cause substantial damage.

Staff, Arctic Gas and Alcan again raise the criticism
of insufficient background studies for El Paso's seismic design,
this time pointing to the possibility of tsunami and seiche waves
generated within Prince William Sound which could exceed El Paso's
present marine terminal design for sea waves. Arctic Gas ques-
tions El Paso's reliance upon the sea wave activity from the 1964
earthquake (it occurred at low tide and caused the land to rise
4 feet), and it suggests the possibility of 65:foot tsunamis and
25 to 30 foot “seiches, which were recorded elsewhere in Prince
William Sound, hitting Gravina Point. It also emphasizes the
rapid generation of seiches, thereby casting doubt upon El1 Paso's
12 foot wave design for the occupied terminal berths since the
tankers would not be able to depart in time. On this same point
Arctic Gas and Alcan challenge ElPaso's rationale for the less
substantial design for the occupied berth (the cryogenic tanker
would allegedly act as a buffer for the terminal) as unfounded.

El Paso's marine terminal design appears adequate to
withstand the sea waves generated by earthquakes, While an 8,5
earthquake is theoretically capable of producing tsunami waves of
65 feet (EP-72, Table 3), it is undisputed that the location and
local bathymetry of Gravina Point will expose the site to a much
smaller wave. The FEIS states that the maximum expected tsunami
wave heights at Gravina Point are 20'-30', with a maximum run-up
of 34'.1/ This is inaccurate, however, for it is based upon
experience at Orca Inlet, which is significantly different. El

1/ Run-up is what happens when a large wave hits the
shore and the wave action moves far inland.
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Paso has designed its marine terminal for a tsunami wave of 20'
if a ship is not in berth, and a wave of 12.5' when a ship is at
berth. The different tsunami wave criteria are used because El
Paso believes that an earthquake that would generate 20’ waves
would give sufficient notice to remove the ship from berth before
the wave approaches: It will take 20 minutes for a tanker to
depart (54/8007).

The Gravina site was relatively unaffected by tsunamis
in 1964 (94/14,427; 165/27,007). The effects of the waves were
reduced considerably as they approached the shoreline, Specifically,
they were mitigated by the presence of iglands that occur around
the entrance to and within the Sound. There are also several
existing conditions at Gravina Point which would tend to dissipate
waves; There is shallow water which increases drag and tends to
reduce wave height; there is a broad basin forming the approach to
the site; eastern Prince William Sound has excellent energy-absorb-
ing characteristics, because of 1ts many inlets, bays, etc; and the
Gravina Point faﬁiiitias are oriented such that waves would parallel
the shoreline on the axis of the vessels, rather than frontally
into the site, .

El Paso's 20 foot design was postulated upon the
generation of a wave outside Prince William Sound. A berthed ship
would have 20~30 minutes warning before such a wave reached the
site. This would be sufficient time to allow vessels to depart.
The FEIS agrees that a wave generated outside Alaska would probably
give sufficient notice to allow a tanker to be removed. The FEIS
also states that onshore facllities are clearly at a sufficient
"elevation to withstand worst case conditions. However, the FEIS
warns that if the wave is generated in or near the Sound, it is
unlikely that the tanker could be so removed, and "it 1s possible
that the vessel and terminal facilities would be destroyed by
the design wave if the ship were still berthed." (ST-19, 1I-268).

There is, however, no factual basis for this Staff
concern., Tsunamis generated in Prince William Sound, while having
a much shorter time interval before reaching the site, would alsco
be much smaller waves. In order to generate a large tsunami,
there must be a larger area to generate the wave motion (60/91111-
9112). In order to generate a large magnitude tsunami, such as
that assoclated with an 8.5 magnitude earthquake, the dimensions
of the tsunami source must be 1n the order of 400 kms in diameter.
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Prince William Sound is about 100 kms in diameter. However, there
is no specific evidence concerning the maximum tsunami wave that
could originate within or near the entrance to the Sound. There
is some evidence that a 20' design wave would create a lesser load
on the facilities than the loads from the ships during berthing,
(94/14,458). Even though it would be advisable and prudent for

El Paso to redesign the marine terminal when the berths are
occupied for a 20 foot design wave,the evidence shows that such
redesign should not significantly affect its costs or scheduling.

As already indicated by recitation of El Paso's

arguments, the 1964 earthquake caused massive submarine slidings

- . of loosely consolidated materials in several restricted bays in
Prince William Sound., These landslides in turn generated seiche

! waves. Since the slumping occurs simultaneously with the earth-
quake, there is much less warning of a seiche than a tsunami.
There is no evidence that Gravina Point was affected by seiches
in 1964 and, furthermore, there is no indication that they will
be triggered in the future. There is also an apparent absence
of significant unstable unconsolidated material in the site area,
and in the relatively open, unconsolidated morphology of Orca
Bay. Thus, there are no areas which would be able to provide a
substantial amount of sediment for a submarine slide or other
cause of a sea wave within about 18 miles of the site. El Paso's
conclusion that any seiche would be attenuated as it traversed
thg ?ide Orca Bay region is supported by the evidence. (59/9035-
9039). :

4. Realipnment Case

Under its base case aligmment El Paso's pipeline would run
basically parallel and close (within 3000 feet for gSZ of the 766
mile distance) to the Alyeska pipeline and haul road. During the
hearing the State of Alaska urged preparation of a realignment of
this route in order to greater utilize existing Alyeska haul road
and facilities, to which El Paso acceded by its evidentiary filing
of May 18, 1976. Under El Paso's realigmment case it would use
Algeska work pad or haul road, with some widening of each, for

79% of the route. This realignment would add 13.8 miles to the

pigeline. It would also eliminate the need for snow roads or work
pads. .

While E1 Paso has accompanied its realigmment case with
some studies which assert that it 1s feasible, it has never
supported the realignment. It will build 1t if certificated. It
notes the potential for thermal interference between Alyeska's hot
oil line and its chilled gas line but only when both are buried,
concluding however that thermal interference can be avoided by
Insulation and placement of the pipelines.
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Staff actively opposes the realignment case, first
of all because of the chance of rupture of the Alyeska line due
to blasting (stringent controls would be required), collisions
from heavy equipment passing along or under the Alyeska line, and
other construction activities. (ST-51) Not one person, excluding
the State, who has the right to permit such realignment has
agreed that it is feasible, much less particularly desirable
{neither Alyeska, DOI, or DOT pipeline safety). In addition,
unless Alyeska is convinced that construction and burial of the
line will not affect its vertical support members, it is difficult
to see how it could, much less would, permit construction, And,
of course, Alyeska might wish to be paid for its 650 mile long
gravel pad. 1In addition, Staff contends that the realignment
would cost another $200 million due primarily to the need for
thicker walled pi?e where it runs adjacent to the haul road and
for more gravel .l

A review of the evidence accompanying the realignment
case (169/27,698-27,705 (Wright); 169/27,706-27,710 (Murphy);
169/27,711-27,716 (Winn); EP-242, 243, 251, and 252) does not
warrant a finding that El Paso's certificate application should
be amended to intoiporate the realignment case. At the time of
construction Alyeska will carry 1.5 million barrels per day of
hot oil, half above ground. Although geotechnical redesign could
most probably eliminate the thermal interference between the
heated and cgilled pipelines (contact of thaw and frost bulbs),

a combination of the additional costs of realignment and the
serious threat of damage to the Alyeska line from even strictly
regulated E1l Paso construction and operation compels the
conclusion that only El Paso’'s base case alignment should be
considered. When balancing the liabilities of the realignment
against any possible benefits, 1t must be remembered that the
envirommental benefits purported to flow from close corridor
alignment have already been found not to exist and the basic
construction and logistic benefits which clearly exist will be
just as awvailable to the base alignment as to the realignment case.

5. Glacial Impacts

a, Columbiz Glacier

In choosing the Gravina Point site, E1 Paso
anticipated that 1icebergs emanating from the Columbia Glacier,
the terminus of which on Prince William Sound is west of Valdez,
would pose no threat to its LNG fleet. In that no icebergs have
been spotted in the proposed tanker shipping lanes, El Paso maintains

1/ An exceptiom to thils requirement would be sought, but there
is no indication that DOT would grant it.
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this position, It is well founded, Staff takes the position
that variations in the prevalling currents and changes in the
Columbia Glacier could lead to increased risk of cryogenic tanker
accident, .

Notwithstanding Staff's concern expressed in the
FEIS concerning Columbis Glacier-propagated icebergs impinging
upon the LNG tanker shipping lane, there is no hard evidence
warranting this concern. In choosing an LNG terminal site El
Paso was concerned about icebergs (51/7591), and it found no
evidence of icebergs along the shipping lanes to Gravina Point
(51/75%; 60/9118-9119), El Pasc correctly explained this absence
of ice in the southeastern portion of Prince William Sound as
caused by the prevalling currents which now carry ice from the
Columbia Glacier to the west of the LNG shipping lanes (51/7593,
7597), notwithstanding possible temporary current changes due
to certain unusual weather conditions.

b, Surging Glaciers

El Paso's alignment through the Chugach Mountains
passes very close to a nuwbet of 8mall glaclers, It defends
this proximity to glaciers on the grounds that these glaciers
have been receding for a number of years and that it takes a long
time (longer than the life of this project) for a receding
glacier to become a surging glacier. 1/ Arctic Gas' rejoinder
is that El Paso has failed to undertake the site specific work
necessary to assure that its pipeline would not be endangered
by a glacier. 1In light of the proximity of the alignment to
these glaciers and the chance of surging, Arctic Gas would assign
the burden of disproving this risk teo E% Paso, a burden allegedly
not satisfied.

Despite the proximity of El Paso's alignment to
several small glaciers in the Chugach Mountains (61/9301), the
risk of pipeline destruction from a possible glacial advance,
including a surge, is minimal (61/9307; 62/9465). The glaciers
involved have been receding for many yvears and the transition
from a receding to a surging glacier is not rapid, in fact highly
unlikely within the life of this project is most cases. {(61/9301-
9302, 9306; 62/947%). ©HNonetheless, in light of the absolute
nature of pipeline destruction of up to several miles due to

1/ A surging glacier is one which becomes plastic and rapidly
advances - moving sometimes hundreds of feet per day.
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possible %1acial movement (61/9303-9304), E1 Paso should conduct
additional glacial analysis before finalizing its design. A
more precise understanding of the probability of any of these
glaciers surging is required before final design. El Paso

has the flexibility to change its route alignment around these
glaciers (61/9308),

‘ 6. Frost Heave, Soll-Core Samples, and Slope
L Stability

' El Paso has not yet conducted a soll core sample
investigation along its proposed right-of-way through Alaska,
specifically addressed frost heave in its design, or performed
site~specific slope stabllity analysis except through general
recommaissance. El Paso justifies the adequacy of 1its prelimimary
pipeline design, however, by stressing that it employed
one of Alyeska's design engineering companies, Pipeline Technolo-
gists, Inc., to prepare its preliminary design. El Paso expresses
confidence in its design due to its analysis of Alyeska's 1200

‘core hole samples from an alignment basically parallel to, albeit

not the same as Lts own, It alleges that the remaining geotechnic
data needed for final design can be amagsed in twelve months and
asserts that its construction schedule already includes both
adequate time and monmey to complete its studies. The recent
availability of the records of thousands of additiomal core
samples, it argues, additionally will shorten this time require~
ment. For the 43 miles that its aligrment diverges completely
from Alyeska and crosses the Chugach Forest, El Paso asserts

that Plpeline Technologists expended 1200 man-hours (30 man-weeks)
on field reconnaissance.

While recognizing that the Alyeska core samples
can aid in general design in similar terrain and soils, Staff
and Arctic Gas warn that El Paso's reliance on &Eyeskafs
geotechnic data is misplaced and that it must engage in site-
specific core sampling alon$ its base case right-of-way., Arctic
Gas emphasizes that El Paso's base case alignment is separated
from Alyeska by up to several miles in many locations; that this
soll data is oftentimes inapposite because the hot oil Alyeska
line had different geotechnic constraints affecting the align-
ment (Alyeska used unfrozen terrain as much as possible) than
has El Paso's chilled buried line which should use frozen grounds
wherever possible; and that El Paso's alignment traverses many
different types of soil and terrain where rights~of-way core
sampling are mandatory,
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Whether Arctic Gas is correct that El Paso has
performed no core sampling of its own is irrelevant since the
controversy is joined over whether El Paso can rely upon Alyeska's
geotechnic data, including Alyeska's 1200 core hole samples, and
El Paso's own overview in formulating El Paso's alignment and
determining its costs., This has been debated throughout the
record, ELl Paso essentially is relying on soil data developed
by Alyeska in building a pipeline .through similar terrain and
on its face this is not unreasonable (41/6052-6054; 154/25,444;
169/27,714, 27,772). There are, however, significant differ-
ences between Alyeska's hot oil pipeline and the buried chilled
gas pipeline and these dissimilarities call into question whether
data collected for one is more than generally useful for the
other., If not, the final design could not be effected without
extensive and time consuming site specific, mile-by-mile, right-
of-way soll analyses, including a massive program of on-site
core hole sampling (41/6057-6058, 6065, 6095; 169/27,773).

El Paso has also not yet specifically addressed
frost heave avoidance in its design. It alleges that frost
heave is possible for only 50 miles of its 809 mile alignment,
as compared to 250 miles for Arctic Gas. As elsewhere, it promises
to pinpoint frost heave areas and to reflect frost heave abatement
to its final site-specific design by use of a mathematical model
which it claims has been already proven effective. El Paso

advances several remedial techniques which it allegedly is capable
of instituting: use of non~frost susceptible granular backfill;
burying the pipeline deeper, thereby applying greater overburden
pressure; pipeline insulation; and pipeline. anchors. It concludes
that its present application already includes the needed time and
money to accomplish the final frost heave design.

Arctic Gas begins by claiming that it alone has a
working frost heave model and testing program and continues by
deprecating the ability of El Pasco's proposed model to predict
frost heave and El Paso's proposed frost heave abatement measures.
It characterizes this model as solely geothermal (temperature).

It also questions El Pasc's contention that frost heave analysis
and abatement has already been included In its cost estimates
since it has done nothing yet. Arctic Gas moreover contends that

the El Paso alignment crosses 100, not 50, miles of frost suscepti-
ble soil,
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Nor does the record show that El Paso in its field
reconnaissance did much more than generally consider the slopes
to be crossed and aligned the route accordingly., As with the
general soll data question, El Paso also defends its reliance
upon Alyeska slope stability experience, It concludes by again
promising to complete site-specific slope analysis for its
final design, pointing out that it has alloted funds for such
remedial measures as riprap, gravel, retaining walls, revegetation,
dike terraces, drainage and water diversion. Arctic Gas, how-
ever, contests El Paso's claim that it has already factored slope
stabilization intoc its cost estimates since it has not fully
analyzed the problem. '

On balance, it appears that El Paso's present -con~
struction schedule can and does accommodate that additional
geotechnical research time absolutely necessary before Sro¢eed~
ing to final design and construction (41/6065, 6096, 6098),
While it is difficult to evaluate how much of the 5% contingency
in E1 Paso's cost estimates would be used up on its rights-of-

- way geotechnical design work, (41/6059-6060), these further

studies are necessary and the cost will not be de minimis,

In final amnalysis, however, it 1s too much to believe that all
of this work could be accomplished on the accelerated time frame
necessary to meet El Paso's schedule without costs which will
exceed its flexible 5%.

7. Gravel Borrow

El Paso argues that Staff is wrong in its FEIS
findings that gravel would be in short supply and E1 Paso may
possibly require stream-bed gravel collection which would
severely impact fish and water quality. (8T-19, p. 256). El
Paso argues that Alyeska's estimated 189,000,000 cubic yard
requirement turmed out to be only 65,000,000 cubic yards; that
El Paso's base case gravel requirements are only 6,545,000 cubic
years and 16,400,000 cubic yards for its realignment case:; that
Alaska and the Department of the Interior have approved gravel
sites containing 220,000,000 cubic yards:; that the recognized
gravel shortage north of the Brooks Range should not impede El
Paso's North Slope construction because of the winter schedule
which permits use of snow workpads; that the Department of
Interior (for federal land) and Alaska (for state land) have
complete control over gravel removal: and that it is anticipated
that these governmental entities will have El Paso remove gravel
from existing borrow pits. E1l Paso does, however, recognize the
potential environmental impacts of siltation, erosion and
aesthetic degradation flowing from gravel removal, but it feels
that these can be successful%y mitigated. Arctic Gas argues
that E1l Paso has a gravel shortage, asserting that gravel supply
must be considered regionally and that for the 200 miles from the
Brooks Range to Prudhoe Bay gravel is in short supply.
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The total available supply of gravel along the pipe-
line corridor appears to be sufficient to meet El Paso s overall
requirements. It is also true, however. that there are localized
and even regiomal gravel shortages. (8T-19, p. II-256; 145/23,495)
In this latter regard, there is in fact a gravel shortage along
El Paso's alignment on the North Slope for some 200 miles from
the Brooks Range to Prudhoe Bay. (145/23,575-23,576). Although
El Paso's use of snow workpads should reduce its gravel require-
ments on the North Slope, it would still need additiomal gravel
for the maintenance of existing haul and lateral roads: therefore,
additional studies must be forthcoming from E1 Paso on this matter.

? 1

8. Miscellaneous

On brief no serious questions have been raised
concerning a number of aspects of El Paso's construction-logis-
tics, estimates of water requirements and availability for snow
road construction and hydrostatic testing (El Paso contemplates
primarily air testing); design for crossing roads, rivers and
other pipelines (predominately Alyeska which it does 26 times);
and metallurgy and pipe availability. While a number of these
issues were explored extensively on the record, such as air
testing and water availability north of the Brooks Range, none
would be a significant problem if proper planning were employed.
Logistics along El Paso's route, in fact, would be relatively
straightforward given both the North Slope producers' and
Alyeska's ploneering.
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G. El Paso -- Location of Alaska LNG Plant Site.

El Paso proposed Gravina Point, located on a peninsula
extending into eastern Prince William Sound, as the site for its
LNG plant in Alaska. Staff has proposed an alternative site,
Cape Starichkof, in eastern Cook Inlet. Briefs have been filed
by E1 Paso, Western LNG and the State of Alaska supporting
Gravina Point, and by Staff and the Conservation Intervenors
"opposing" the certification of Gravina Point. First, the
burdens of proof which must be met by an applicant for a
certificate of public convenience and necessity and a proponent
of an alternative will be examined. Then evidence of record
supporting the proposal and the alternative will be evaluated.

1. The Burden of Procf

The Commission has an obligation, both under the National
Environmental Policy Act and the Natural Gas Act, to consider
both an applicant's proposal and any viable alternative to the
proposed projects or parts thereof. City of Pittsburgh v. FPC,
237 F, 2d 74i (D.C. Cir. 1956); 42 UST § 433Z. As discussed more
fully in the separate Environmental section, a '"rule of reason"
prescribes that the original proposal and alternatives be
supported by an evidentiary showing and discussed in sufficient
depth to permit the reviewer to make a reasoned choice. NRDC
v. Morton, 458 F.2d 827 (D.C. Cir. 1972). There is no fixed
quantum of evidence or specific level of discussion required as
to each proposal; it is obvious that a proposal to do the
absurd should not be accorded the same consideration as an
alternative which recommends itself as reasonable on its face. 1/
But, while the standard is flexible, it is clear that an
applicant has, at the outset, the burden of proving that its
proposal can adequately serve the public convenience and
necessity. It is equally clear that the proponent of an alterna-
tive has the affirmative obligation to Independently assess that
alternative, present Supportin$ evidence in its behalf, and
demonstrate that the applicant’'s proposal should not be
certificated elther because it is so flawed that it is
unacceptable or the recommended alternative is superior. (18 C,F.R.

1/ The FEIS discusses "alternatives" to move natural gas from
the North Slope by rail, blimp, gigantic submarine, ice-
breakers, and methanol conversion.
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§82.80, 2.82; APA 556d) This is particularly true in the
instant case, where the applicant has made a prims facie case
for its proposal and the proponent of the alternative concedes
that %he applicant's proposal is indeed "acceptable" (ST-18,
I-A10).

Staff, in fact, concedes that while given an ample
opportunity, it has presented insufficient technical evidence
on the record to support a Cape Starichkof certification.
However, Staff suggests that Gravina Point should not be
certificated, apparently based only on the existence of
Staff's yet ungroven alternative site at Cape Starichkof:
"Staff is not in any case proposing Cape Starichkof, but
opposing Point Gravina on the basis of its showing on Cape
Starichkof.” (Staff Reply Brief, 8) Where Staff has proposed
an alternative but failed to adequately support it, there is
no fairness or logic in shifting that burden back to the appli-
cant. Staff's rationale, if accepted, would deny El Paso any
semblance of due process without any showing that the decision
maker would be serving the public interest by not certificating
a proposal then supported by the evidence. An applicant which
has met its burden for the proposal it supports should not be
put in the position of having to support a site it has previously
rejected absent a persuasive showing on the record that the
proffered alternative is both viable and superior., Staff's
inability to defend its belated proposal is detailed infra.
Even if there is some "lesser standard of proof" required to
deny an application, as Staff asserts, the discussion below
shows that Staff has not even met that burden.

The Conservation Intervenors acknowledge on brief that
Staff has the duty to present evidence supporting its site
selection. They concede also that there is insufficient
evidence to constitute even a prima facie case for Cape
Starichkof. While Staff argues negatively that Gravina Point
should not be certificated, Intervenors suggest a "remand" of
the siting issue to permit the requisite information and
analysis to be included in the record. A remand in the instant
case is not supported in law and is contrary to the evidence
of record. The Conservation Intervenors have confused a
failure to consider an apﬁarently reasonable alternative with
a failure to prove that alternative's superiority. The issue
is not whether to explore the alternative, but rather how much
additional opportunity is required to pursue the alternative
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once its deficiencies become known and the original proposal is
found acceptable., Those cases cited by Intervenors involve situ-
ations where an agency, contrary to the dictates of the relevant
statutes, either inadequately discussed alternatives in its
impact statement or refused to admit evidence on alternatives.
Moreover, there was usually no record evidence against the
alternative. Thus, an appropriate remedy for the reviewing
courts in those cases was to remand. 1/

Such is not the case here, Some 127 pages of the FEIS are
devoted to alternatives, with much of that discussion devoted
to Cape Starichkof. In addition, there is the gargantuan OIW
Report focusing on alternatives in Cook Inlet (ST-37). Staff
has had an unfettered opportunity to present evidence in
support of its choice. Upon first seeing the Cape Starichkof
proposal in the FEIS, the Presiding .Judge enumerated on the
record the perceived difficulties with any Cook Inlet site,
noted that no party had an opportunity to separately evaluate
or comment on this "selection’ since it was not the Staff's
preference in the DEIS, and directed Staff to respond to the
obvious deficiencles in its presentation (22,297-22,301). Staff
presented its case for Cape Starichkof, including augmenting
its position stated in the FEIS, during several hearing days
{Vols. 143-145), but was unable to make any showing that its
site was even as suitable as Gravina Point, much less superior
to it, 1Indeed, Staff counsel stated he did not intend to
present a detailed analysis of Cape Starichkof (21,495), In
sum, there has been no failure to consider the Cape Starichkof
alternative; rather, Staff has simply been unwilling or unable
to support its selection. Thus the remedy is not to remand,
but to deny the altermative.

The methodology of the site selections will be considered
in Section 2, Anmalysis of the record evidence ineluctibly
leads to the conclusion that the Gravina Point site must be
certificated if the El Paso application is approved,

2. Site Selection Process

El Paso selected Gravina Point in western Prince William
Sound as its preferred site for the Alaskan liquefaction facili-
ties. This result followed a comprehensive site selection study.
After establishing site selection criteria (EP-69), El Paso

1/ 'The nature of the suggested "remand" remains unclear., During
2 EE

the hearings, Staff was urged to present more detailed evidence

to support 1ts proposal, but refused.
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determined that the most suitable region was the section of south-
central Alaskan coast extending from Prince William Sound to Cook
Inlet, The northern segment of Cook Inlet was not included
because of severe ice conditions. Within the acceptable region,
numerous specific locations were surveyed, resulting in the
selection of 13 sites for additional study. The more detailed
site-specific findings were plotted against certain evaluation
parameters, Each parameter was given a rank of 0-5, with a grade
of 0 in any item automatically eliminating the site from further
consideration. The results of this evaluation eliminated 8 sites,
including Nikiski and Cape Starichkof, which received 0 ratings
for oceanographic conditions. Of the remaining sites, Gravina
Point was considered the preferred. The State of Alaska and
Western LNG have endorsed Gravina Point as the most preferred site,

The Staff commissioned the Oceanographic Institute of
Washington { OIW ) to do a study of alternative siting in Cook
Inlet only. Of 26 sites selected for more detailed study, the
OIW concluded that Nikiski was the most preferred site in Cook
Inlet, with Cape Starichkof second, Accordingly, Staff recom-
mended, in its Draft Environmental Impact Statement, that Nikiski
be the site for the liquefaction facilities. Although Staff
terms the OIW report 'probably one of the most extensive analyses

* of an alternative ever made by the Staff" (Initial Staff Brief 3),

the TYecommendation of Nikiski had little staying power. Staff
learned that the U.S. Coast Guard considered, on the basis of
oceanographic conditions, "the siting of any additional LNG
terminals in the Nikiski area a significant hazard to the safety
of life, property, and the environment'(ST-38A, letter dated
11/14/75 from Rear Admiral J.B, Hayes to Kenneth F. Plumb).

Forced to reevaluate its site recommendation, in some good
part as a result of the Coast Guard's denunciation of Nikiski,
Staff analyzed 22 potential sites in Prince William Sound and
Cook Inlet. It concluded that Gravina Point was the most accepta-
ble Prince William Sound locale, while Cape Starichkof was now
the sole acceptable site in Cook Inlet. While Staff noted that
both sites might be suitable locations, it concluded, almost
entirely on the basis of its evaluation of biological and socio-
economic impact, that Cape Starichkof was preferred. Thus, in
the Final Environmental Impact Statement; Cape Starichkof rose
like a mushroom from the debris of Staff's initial Cook Inlet
proposal, 1/

1/ Commenting on the unfavorable oceanographic information that
came to light concerming Nikiski, the FEIS states only that
""The Cape Starichkof site apparently lies outside the area
of disruption " (ST-19, II-496).
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Gravina Point, covering about 1200 acres at the end of
the proposed B800-mile trans-Alaska pipeline, presents several
environmental concerns of various significance: the 33 miles
of pipeline route through the Chugach National Forest; the
plant site at the presently unimpacted Gravina Point; the cross-
ing of the proposed wild and scenic Gulkana River; the effect
of the pipeline on Comfort Cove; thermal discharge into the
Prince William Sound (685,000 gpm of water will be returned
to the Sound, an important commercial fishery, at 21°F. above
ambient termperature); the possibility that the siting will
renew interest in the presently moribund Copper River Highway
project; and the impacts on 16 bald eagle nesting sites at
Gravina Point, Sitka black~tailed deer near Prince William
Sound, Dall sheep in the Brooks and Alaska Ranges and peregrine
- falcon nesting areas at Franklin Bluffs and Sagwon Bluffs,
Some of these impacts might be significant and, in some instances,
such as thermal discharge, it is questionable whether there is
sufficlent knowledge presently available to evaluate the harm,
However, Staff concluded that the overall project was acceptable
(sT~18, I~-Al0).

Seismic and glacial considerations related to the Gravina
Point site are treated in the El Paso geotechnical section,
ipnfra, this section. The environmental impact of the LNG plant
on Gravi?a Point is treated in the environmental section,
infra.

3. Pipeline to Cape Starichkof

There have been numercus difficulties and hazards unveiled
on the record concerning Staff's alternative proposal. Staff
has not convincingly rebutted these assertions.

Staff has basically relied on El Paso's '"Alaskan Gas
Pipeline Alternate Route Analyses of All-Alaskan Routes' to
justify the feasibility of its alternative route. This report
is not in evidence. 2/ As used by Staff, the route would
divert from El Paso's proposed route near Livengood (MP 389,5),

1/ Moreover, the State of Alaska, in supporting the Gravina Polnt
site, downgrades the overall significance of the environmental
impacts associated with that site selection. Dr. Robert
LeResche, Chief, Habitat Protection Section, Alaska Department
cf Fish and Game, testified that the impact on Gravina Point
could be major, but localized. He stated that 1f construction
were to occur as represented by El Paso, the impact of the
facility would be aesthetic rather than biological.

2/ staff chose not to place it in evidence. It is used here only
to demonstrate that even on a non-evidentiary basis, Staff
cannot support its choice.
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extend south to Dunbar, then follow the Multimode Utility
Corridor (Alaska Railroad and State Highway 3) to the western
shore of the Kenai Peninsula (eastern Cook Inlet). The .
distance from the diversion point to Cape Starichkof is 422
miles, including a l6~mile crossing of Cook Inlet. 'The report
shows an ﬁtigun%Railbelt/Tyone& to Starichkof route ("B12") rated
higher overall than the prime route (''BO") based on estimated
capital costs, operations, construction difficulties and sccessi-
bility. E1 Paso has argued that this preliminary report was

not intended to and cannot be used to verify the technical
feasibility of any pipeline route. The report itself cautions
that the "route descriptions are made from information derived
from topographic and geologlc maps only and are made without

a detailed field route reconnaissance. A route reconnaissance
would be necessary to describe the conditions more accurately
and to determine more precisely where the best routes lie.
Unfortunately, the Staff has not undertaken to perform even the
low-level reconnaissance recommended by the report. Nor has

it performed the essential engineering design work to prove that
the difficult problems that confront the proposed route can be
overcome. In fact, Staff has carefully warned that its analysis
is not intended to be an englneering feasibility study at all,
but merely a''route selection.'(23,265)

Given this absence of essentlal technical support evidence
and the patent problems of the pipeline route, infra, Staff
cannot rely solely on the El Paso Analyses to justify its
preference. This report might be enough to "pique Staff's
interest,' but even if it had risen to an evidentiary status,
it is not sufficilent to defer certification of Gravina Point.

The proposed route to Cape Starichkof would pass through
the rugged Alaska Range. Staff has made no attempt to survey
the route through the Range by aerial or ground examination.
Instead, it has used a "ruler" approach, whereby a straight-
line pipeline route over mountains 1s hypothesized for lack
of more definite route Information. Unfortunately, there are
serious difficulties Involved with a route through the Range,
and its feasibillty and cost cannot be verified without more
extensive onsite studies. A particularly disturbing problem
is the possible absence of bedrock necessary to secure anchor-
ing of the pipeline. §Staff conceded that it is desirable to
have slopes less than 40% on the route, yet placement slopes
as steep as 50% are present in the Range. While Staff states
that the general presence of bedrock '"should assure secure




120

anchoring" on these slopes, there is little evidence supporting
either the technical feasibility of this method or the specific
presence of bedrock. The fact of the matter is that after
reasonable engineering the alignment would be moved, but when,
how,dwhere or at what expense are mysteries since Studies were
not done,

Staff's route also contemplates a lé-mile underwater
crossing of Cook Inlet, However, the location of the crossing
has not been identified, and Staff has given scant attention
to potential problems associated with a crossing. The 0IW study
(ST-37) does mention that submarine pipelines are typically
significantly more expensive to construct and operate. The OIW
report concludes that future studies of feasibility of pipeline
crossings of Cook Inlet will be required to develop detailed
analyses of the ocean environment and state of technology
involved., Again, Staff has presented no evidence substantiating
the technical feasibility and costs of the crossing. While
Staff asserts that there are presently 10 Cook Inlet pipeline
crossings, the largest diam@tdt pipeline is 10 inches (23,096),
Staff witness, Robert Arvedlund conjectured that the pipeline
might have to be buried 15 feet to svold ice scour, but no study
documented the need for or feasibility of a buried crossing.
Similarly, Staff did not consider whether ice, currents or
wind conditions might hinder maintenance of the line or whether
the pipeline should be dualized, (23,264-263)

The intensity of seismic activity along the route is very
high. In addition to the Denali fault, the alternative route
will also cross the Castle Mt, fault and Eagle River fault, In
addition, an aerial crossing of 660 feet will be required over
Hurricane Gulch in the Broad Pass Depression.

The environmental impacts of the alternative route are
as uncertain as its technical feasibility. The Conservation
Intervenors note that the environmental superiority of Cape
Starichkof over Gravina Point is not clear and empgasize that
little consideration was given to the environmental impacts
of the pipeline route, While Staff apparently relies on the
fact that the pipeline route will parallel the transportation
corridor, the lack of engineering design studies leaves this
prospect in doubt, It is clear that the alternative route will
¢ross through the Kenai National Moose Range and pass within 5
miles of Mt. McKinley National Park. It is uncertain whether
the route will infringe on the proposed extension of the park.
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Conservation Intervenors add that the route will apparently
slice along the eastern edge of the important waterfowl habitat
in the Minto Flats and disrupt subsistence homesteads (Conser-
vation Intervenors Brief, 5). Finally the possible environmental
damage associated with a crossing of Cook Inlet has neither been
studied nor assessed,

L. Cape Starichkof LNG Plant Site

The most significant difficulties in regard to the Cape
Starichkof alternative are the meteoroclogical and marine con-
ditions at the LNG plant and terminal site. It was because of
anticipated problems in this area that El Paso eliminated both
Nikiski and Cape Starichkof from consideration, As stated supra,
Staff originally selected Nikiski, on the eastern coast of
Cook Inlet 65 miles southwest of Anchorage, as its preferred
location. However, the Coast Guard made it clear that severe
navigational problems, inter alia., render this site unacceptable.
Rear Admiral J.B., Hayes, In his November 14, 1975, letter to
Kenneth F. Plumb (5T-38A), warned that tidal currents at
Nikiski, reinforced by wind-driven currents, complicate navi-
gation and docking. In conjunction with these tides and currents,
winter ice presents major problems. Forming between November
and April and ranging up to 0.5 mile in width and 5 feet thick, the
ice cakes may move at near surface current velocities, The
most substantial danger is that of a larpge cake of ice or a
buildup of smaller cakes forming between the marine terminal
and the ship and exerting pressure on the mooring lines. The
ship must then cast off or risk rupture of the lines., The
navigational hazard is that the large "pans" of ice must be
avoided. Unfortunately, numerous ice-related navigational and
berthing incidents have occurred at Nikiski (ST-19, 11-490;
8T-37, 4-58). EL Paso witness Robert McCollum testified that
during the first 4 months of 1972, 6% of the traffic coming
into Cook Inlet was damaged bg ice, Fina%% , "slush 1ce' can
be formed and drawn into the intakes of ships. On several
occasions, actual power failures on ships have resulted.

The OIW study (8T-37) concedes that sea ice in conjunction
with extreme tidal currents creates gerious problems for navi-
gation, docking and loading of vessels. The report still recom-
mended Nikiski as its prime site, evidently overlooking the
effect of the increased LNG vessel traffic that would be using
the port, and the importance of strict scheduling for the El
Paso project.
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It is unclear whether dredﬁing would be needed at Cape
Starichkof. Staff assumes neither initial nor maintenance
dredging would be necessary for the marine terminal. It is
conceded that dredging would be costly and possibly environmental-~
ly unacceptable, adversely affecting the shellfish in the area.
(23,222-223) Staff seems to base its optimism on a Corps of
Engineers’ opinion that no dredging should be required as long

as the approach structure is open and does not interrupt natural
littoral transport along the shore (ST-31C). However, Staff
acknowledges that it does not know whether the pier can be
constructed so as not to interrupt the littoral transport.
(23,226) 1In fact, both the FEIS and OIW report state that
sediment movements would create the need for repeated maintenance
dredging. 1In addition, no surveys have been performed of bottom
profiles and soil conditions, and there is thus insufficient

data to design the wharf support structure,

A gimilar problem exlsts in regard to the site geology.
While Staff is aware that major facilities of the LNG plant would
need to be founded on bedrock, the location of bedrock on the
site is unknown. Staff does ﬁnow that, there are no bedrock
outcroppings at Cape Starichkof, and there is no bedrock in the
top 60~feet (23,211-215),

As is true of the pipeline route, the environmental superi-
ority of the Cape Starichkof site has not been proven. Cape
Starichkof remalns a relatively undisturbed area, despite the
presence of 7 residences and a radio tower. Moreover, the LNG
plant would lie within 1 or 2 miles of the mouth of the Stariski
Creek, which supports substantial runs of chinock and coho
salmon and steelhead trout. The creek receives considerable
attention from recreational fishermen. In addition, a major
commercial salmon fishery is located nearby, and beds of razor
and red-necked clams are found offshore. There are also dense
winter concentrations of moose at Stariski Creek, some of which
might congregate at the site. As mentioned earlier, the Cook
Inlet crossing and offshore dredging remain uncertain environ-
mental hazards. 1/

1/ It is also significant to note that the Cape Starichkof site
will necessitate an LNG fleet trade route which 1g 170 miles
longer than Gravina Point. Staff has not assessed the impact
of this on El Paso's fleet schedule, Rather, Staff has
conjectured that an increased ship speed and the use of the
20-day down time projected by E1l Paso can compensate for
the longer route (23,169). However, it is difficult to see
how the down time can be used, since it is intended to
cover the yearly maintenance of the LBG plant, See infra.
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Staff has been unable to show adequately that marine and
meteorological conditions at Cape Starichkof, 60 miles south
of Nikiski, are acceptable. El-Paso set 2.0 knots as its
current velocity criterion, yet the currents at Cape Starichkof
average 2.2 knots, almwost twice as preat as at Nikiski. (The
diurnal tidal range is 19.1 feat;, which is greater than Nikiski
and contributes to high current velocitles.) There 1s no wave,
wind velocity or visibility data site-specific to Cape Starichkof.
Most importantly, Staff has assumed that "The Cape Starichkof
site apparently lies outside the area of (ice) disruption "
(ST-19), 1I-496). However, in response to a Staff inquiry, Rear
Admiral Hayes stated (S5T-~31B: letter dated 2/4/76 from Rear
Admiral Hayes to Kenneth F. Plumb):

While ice conditions are probably less
severe (than Nikiski), both as regards the amount
of ice and the duration of the ice season, there
is ...insufficient date from which to formulate
answers to your questions regarding shipping
safety, time delays, etc, Again I can only urge
that members of your Staff wvisit Cape Starichkof
duging the winter season before any decision is
made.

Staff considered the Corps of Engineers more optimistic. The
Corps indicated that, while there 1s no data on icing in Cook
Inlet, subjective observations indicate surface coverage by

ice should not exceed 207 at Cape Starichkof. (ST-31C: letter
dated 2/24/76 from Charles Debelius to Kenmeth F. Plumb)
Finally, while the OIW report (S8T-37) indicates that Cape
Starichkof is normally ice-free, the report shows that sea ice
has appeared in southern Cook Inlet in severe winters (e.g.
1970-1971). Moreover, of the 16 ice-related accidents reported
by 0IW in Cook Inlet ("Ice Casualty Incidents, Cook Inlet,
1971-1974," 8T-37, 4-58), 2 occurred west of Cape Starichkof,

2 near Ninilchik just north of the site, and 1 in Kachemak Bay
southeast of the Cape. In answer to the OIW assertion that
these accidents occurred to older vessels not designed to
withstand ice conditions, it should be noted that the FEIS
lists numerous ice-related Incidents affecting LNG ships at
Nikiski. (5T7~19, II-490) Staff has not presented sufficient
evidence to support the acceptability of Cape Starichkof from
the standpoint of navigational and berthing safety and suscepti-
bility to delays. An additional factor to be considered is the
proposed 4060-foot pier which would be vulnerable to ice pan col-
lisions. 8o far, Staff has not analyzed effects of ice loads
on the pier (23,153).
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Conclusion

No extended discussion is necessary in summation. The
choice of Gravina Point is supported by substantial evidence of
record and Cape Starichkof is not. On the basis of the evidence
of record, and giving the best gloss to that evidence supporting
Staff's proposal, Cape Starichkof cannot be found to be a
reasonable or viable alternative. If El Paso is certificated, its
LNG plant should be located at Gravina Point.

One final observation must be made here. A denial of El
Paso Alaska's application in this proceeding for a Prince William
Sound terminal would not necessarily mean that E1 Paso will never
construct a liquefaction plant in the Gravina Point area. It is
generally recognized that the Gulf of Alaska is one of the nation's
most promising frontier provinces for future oll and gas discovery.
An initial substantial sale of leases to producers was made by
the Department of the Interior in early 1976 for the near-shore
area between Kayak Island and Icy Bay, a region roughly 100 to
150 miles from Gravina Point.
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H. El Paso~West-Coast Siting

Western LNG Terminal Company (WLNG), as part of the El
Paso Alaska project, has proposed to site its regasification plant
at Point Conception, California, located 120 land miles northwest
of Los Angeles, California. The Staff, Conservatiom Intervenors,
and the State of California argue that.Oxnard, California, a
site just south of Los Angeles (60 land miles and 70 sea miles
southeast of Point Conception) is the preferable locatiom..

While the record will support a finding that both sites
are acceptable, the weight of the evidence is that Oxnard should
be certificated as the site to receive the matural gas transported
from the North Slope of Alaska by El Paso. Given this finding,
it is unnecessary to decide at this time which sites should be
certificated on the west coast for the additional LNG projects
presently being proposed. 1/

1. Site Proposal

Before analyzing the two sites being compared, an examination
of the site-selection process is important. WLNG evaluated seven
"feasible" sites on the west coast and eventually offered three
"preferred” sites to El Paso: Point Conception, Oxnard, and Los
Angeles. WLNG has consistently refused to state on this record
which site it deems preferable as a location for an LNG project,
maintaining steadfastly that all three sites are equally accepta-
ble. WLNG, in fact, actually chose Los Angeles and Oxnard as
suitable locations prior to selecting Point Conception 2/ and
firm commitments had been entered for both even before WLNG entered
into negotiations with El1 Paso.

Staff analyzed ten sites: Los Angeles, Oxnard, Point Concep-
tion, Port Hueneme, Carlsbad, Border Field, El Segundo (WLKG's
seven ''feasible" sites), Drake, Mandalay and San Onofre. Los
Angeles and 4 other sites were rejected after imitial analysis. gj

1/ Proposals are presently before the Commission to comstruct
California regasification facilities to receive LNG from
Indonesia (Pacific Indonesia LNG Company, et al., Docket Nos.
CP74-160 et al.) and from the Kenal Peninsula in Alaska,
(Pacific Alaska LNG Company, Docket No. CP75-140).

2/ WLNG witness K.C. McKinney testifiled that his company identi-
fied Los Angeles harbor in 1965 for the Pacific Alaska project
and next considered Oxnard for the Pacific Indonesia project
153/25,274-276).

3/ Los Angeles was rejected because of seismic risk and by stipu-
lation of all parties is not proposed as a viable alternative
in the instant case 143/23,128).
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The remaining sites were subjected to an in~depth analysis, after
which Oxnard was chosen as the preferred site, Staff has also
engaged the Intersea Research Corporation to undertake an inde-
pendent site-selection study, Intersea initially analyzed 47
sites, eventually choosing 7 sites for detailed study. Their
weighted results, of the sites chosen for detailed study, rank
San Onofre as the preferred site, Oxnard second, and Point
Conception tied for sixth and last.

In its initial filing, WLNG proposed Point Conception to
receive a 2.8-Bef/d average with a 3.1-Bcf/d maximum load.
In its latest filing, a 2.1-Bcf/d average, 2.4-Bef/d maximum
load was proposed. The terminal facility, as proposed, would
occupy 101 acres of a 227-acre site and would consist of two
ship berths, four 550,000-bbl storage tanks, 2 transfer lines,
28 seawater vaporizer units, 3 gas~fired vaporizer units, and
a 4,600-foot long trestle. WLNG also proposed a twin 42-inch
diameter pipeline from Point Conception to a point west of
Arvin (90 miles), single 42-inch diameter pipeline from this
point to MP 133 (43 miles), a single 42-inch diameter pipeline
from MP 133 to Arvin (9 miles), and a single 42-inch diameter
pipeline from MP 133 through Adelanto to Cajon (108.6 miles).
The total distance covered is 250.6 miles, and the actual
length of new pipeline is 340.6 miles, Throughout this systen,
gas would be delivered to existing pipelines which would
transport it both to California markets and to the California-
Arizona border.

While no specific study has documented the facilities
necessary if Oxnard is certificated to receive the E1 Paso Worth
5lope gas, it 1s apparent that the 210-acre Oxnard site will
be able to accommodate the facilities necessary for the Alaskan
volumes. WLNG, in fact, studied a hypothetical 3~-Bef/d average,
4.2-Bef/d maximum load plant at Oxnard. 1/ In Case #7 of WL-50
facilities listed for this plant include 2 berths, 2 transfer
lines, four 550,000-bbl storage tanks, 30 seawater vaporizer
units, 12 gas~fired vaporizer units, and a 5,850-foot long
trestle. These are approximately the same facilities as proposed

for Point Conception.

There has also been no detailed study within the four corners
of this case analyzing the transportation of the specific North
Slope volumes of gas from Oxnard. However, the DOI FEIS "Alterna-
tives" volume specifies a 157-mile long pipeline route (actual

1/ This theoretical facility would receive gas from all three
projects.
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new pipeline - 169 miles) from Oxnard, through Quigley Station,
to Hinkley for a 3~Bef/d peak capacity of North Slope gas.
Intersea Research Corporation studied a 533.3-mile long route
from Oxnard through La Vista and Saugus to Quigley Station,
which is gimilar to the "ultimate development' route suggested

by Staff in Pacific Indonesia ING Company, et al, to transport
4 Bef/d of gas (ST-20, LL1 339-343) 15.

Whatever pipeline emanating from Oxnard is ultimately
certificated, it is clear that it will provide a technically
feasible means of moving gas from the coast through the market
areas in California and east to the California-Arizona border.

In fact, a pipeline system starting at Oxnard would be much
shorter than one carrying the same amount of gas, serving the
same markets and startin% at Point Conception. As WL-50 demon-
strates a single terminal at Point Conception receiving 3.0-Bef/d

average load from all three projects would require 492.2 miles
~f ninaline aver 250.6 miles (Case #6). Yet a single terminal

- .
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2. Environmental and Technical Considerations

a. Seawater Exchange

WLNG intends to use seawater vaporizer units to gasify the
average load of LNG, At the Point Conception site, seawater
will be taken from the ocean, used as a _heating agent, and
returned to the sea at a temperature 12°F, below the ambient
water temperature, At 2.8-Bef/d average, 300,000 gpm of cooled
water will be discharged,

WLNG has conceded that the effects of the discharge on
marine biota are uncertain., While WLNG hopes that diffusers will
mitigate the problem to some extent, no studies on the biological
effects of the cooled seawater discharge are presently available.
Moreover, specific impact assessment is impossible because the
design and location of the outfall has yet to be determined.

At the very least, it appears that certain warm water species

may not be able to survive the decreased water temperatures,

Other species will suffer sublethal effects, including changes

in growth rate, slze and reproductive periods. 1In additionm,
mortality of some species is almost certain to occur by entrain-
ment in the intake line. Finally, biocides such as acrolein will
be added to the intake water to inhibit fouling by marine animals.
I1f accidentally spilled, the substance could enter the marine
system and kill organisms in the area.

At Oxnard, seawater can be provided by Southern Califormia
Edison's oil-and gas-fired Ormond Beach Generating Station,
located adjacent to the site, This twin-generator plant will
be capable of supplying sufficient heated seawater to meet the
LNG plant's vaporization needs. If the power plant discharges
insufficient waste heat or is shutdown, seawater heaters can
be used to prevent subambient discharges. Moreover, gas-fired
vaporizers can be used for maximum loads or when the seawater
vaporization system requires maintenance. The existing power
plant intake and discharge structures would not require modifi-
cation for use at the LNG plant. The seawater will be discharged
through existing power plant discharge lines. By using the
power plant seawater discharge for vaporization, the Oxnard LNG
site would avoid the potential impacts of cooled discharge,
entrainment, and biocide spill. Moreover, by lowering the power
plant discharge temperature, any potential impacts from heated
discharge would be mitigated. 1/

1/ 8T-49 and S5T-50, which bear on the ability of the seawater
exchange system to withstand seismic events, are hereby
admitted into evidence.
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b. Land Use and Socio-Economics:

It is beyond dispute that an Oxnard plant site would be more
consistent with the present and future land uses of the site area
than a facility at Point Conception,

The proposed Oxnard terminal is situated in the Ormond Beach
Industrial Area, zoned for long-range heéavy industrial use,
Several industrial facilities are in the immediate vicinity of
the plant site, The proposed Point Conception site, adjacent to
the ocean and the Santa Ynez Mountains is a picturesque area with
no industrial development and little urban use. The area is
essentially rural, zoned for limited agriculture and currently
used for cattle grazing., Adjacent to the site is the Hollister
Ranch, consisting of 130 -sizable parcels of exclusive residential
land presently being sold and developed. WL-14 conceded that the
aesthetic impact would be greater at Point Conception than Oxnard,
and there is no serious argument that an LNG facility at Oxnard
is more consistent with the present and planned future develop-
ment of the area, No comparisons on this Issue favor Point
Conception.

Neither site development would present significant long-term
. socio~economic problems for the areas, since the maintenance and
operations crews will be small. However, whatever housing and
government services burdens are imposed during the construction
stage would be more severely felt in Point Conception. The

Oxnard site, located near several urban areas, can take advantage
of the labor force, housing supply, and government services that
these areas can provide, Especially in the area of available
housing, the Point Conception community would have more difficulty
accommodating the influx of construction workers.

c. Biota

Other than the beneficial effect of power plant or change
at Oxnard, supra, there are no significant differences in impact
on blota from the LNG terminals at the two sites. However, the
greater length of the Point Conception pipeline and the larger
degree of habitat disturbance associated with the pipeline
construction will inevitably lead to greater adverse impacts on
biota. The proposed pipeline from Oxnard to Quigley Station
follows existing rights-of-way for 96% of the route, while the
line from Point Conception to Arvin follows existing rights-of-
way for 9% of the route {(8T-20, III-351). WL-14 conceded that
Point Conception would have the most detrimental effect on wild-
life habitat and specles disruption because of the length of
the pipeline and terrain crossed.
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The main impact on wildlife will stem from habitat and food
source disruption. The Point Conception-to=-Cajon route will
require 3,400 acres of right~of-way, substantially -more than the
Oxnard-to~-Quigley Station line. Loss of habitat 1s most harm-
ful in areas where a particular habitat for a certain species
is extremely limited, such as woodland areas., There are 215
acres of woodland on the proposed route. 1/

The Point Conception route could also have impacts on four
endangered, rare and protected species of animals: construction
passes through 47 miles of habitat of the San Joaquin kit fox;
construction could have impacts on prairie falcon nesting;
construction passes near populations of the blunt-nosed leopard
lizard; and a portion of the route from Arvin to Cajon crosses
a Calmfernla condor habitat.

The impacts on vegetation are also predicated basically on
the lengths of the pipeline routes. The acreage cleared for
the rightgs-of-way will be reseeded and ideally will undergo
ecological succession. However, oak and juniper woodlands may
take 100 years to reach climax stage. In addition, the desert
communities traversed by the Point Conception route are fragile
and might take up to 300 years to reach climax. Some species
here might take even longer to return to their preconsgtruction
state. (The Oxnard-Hinkley alternative also passes through the
Mojave Desert.) Finally, 15 miles of the Point Conception
route will traverse the Los Padres National Forest, an impact
not found on the preferred route

The most significant factor which would deter successful
revegetation is erosion: Both routes have hipgh water erosion
potential and the Point Conception route would also experience
wind erosion in the desert. Along 50% of the pipeline route
from Point Conception to Arvin, ridge-cutting will occur. In
addition to possible contour failure, the spoil dirt will bury
some vegetation, and the ridge-cut slopes would be scarred
where the excavated material pushed over the sides was deepest,
These newly created slopes may not be stabilized quickly by
natural vegetation, and even with revegetation, some erosion
would likely occur.

1/ No reliance has been placed on the FPC DEJIS in Pacific
Indonesia LNG Company, et al., since this document 1s not
of record in this proceeding. However, alleged facts contained
in that DEIS, if weighed, would serve to corroborate the con-
clusions in this regard. For example, it is revealed that
only 729 miles of right-of-way is required for the Oxnard-to-
Quigley Station route, only 72 acres of woodland will be
traversed, and only 2.5 miles of ridge-cutting will be
necessary.
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Topographically, the (Oxnard site area is essentially level
and will require minimum grading. At the Point Conception
terminal site, two million cubic yards of material will be moved
for grading purposes, and two arroyos which drain part of the
southern part of the site will be filled. There are some
allegations that the eastern slope of the Canada del Cojo, a
biologically significant canyon, will be altered, although WLNG
has stated that this area will not be disturbed.

d. Archaeology

The Point Conception terminal site and pipeline route would
have a significantly greater impact on archaeclogical sites
than the Oxnard facilities. There are believed to be at least
two significant Chumash village archaeological sites within
the boundaries of the Point Conception ILNG facility. WL-14
conceded that one or more of these suspected sites will probably
soon be registered, A total of 27 sites are known for the
entire Point Conception area, and 12 are in areas of high probable
impact, There are also clusters of 40 known sites along the
pipeline route, including the Cajon Quadrangle at the end of the
route, containing 23 formally recorded sites. Several of these
sites have recently been nominated to the Natiomal Register,

e, Seismicity

Although the critical facilities at each site are designed
to withstand the maximum credible earthquake expected, it is.
still important to examine the relative seismic hazards of
each area. Many support facilities will not be designed by these
applicants (e.g. power plants); others will not be designed to
withstand the maximum credible earthquake (e,g. LNG transfer -
lines). Outages for testing and inspection might be required
even 1f the facility withstands a seismic event, and the design
itself might simply be inadequate. The conclusion reached is
that Oxnard has a small advantage over Point Conception.

Neither site has a fault within its boundaries, and earth-
guake displacement is not a significant danger at either location.
The nearest fault to the Point Conception site is the Santa Ynez
fault, 3 miles from the site. The FEIS of the FPC states that
the maximum expected event from this fault would result in a
7.0 to 7.6 magnitude earthquake with a maximum bedrock acceler-
ation of 0.7g. 1/ On brief, Staff states that the smallest value

1/ WL-14 stated that the maximum bedrock acceleration would be
around 0.25g. This level is reaffirmed on brief (Western
LNG Initial Geot, Brief, 3).
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it can justify at Point Conception for bedrock acceleration is
0.6g (Staff Reply Geot, Brief, 12). On the other hand, the FEIS
reports that the maximum expected magnitude from the Hueneme
Canyon fault, 2 miles offshore from the Oxnard s1te, is 6.0 to
6.8 (8T-20, III-363) . %

The Science Applications Inc. (SAI) studies offer the best
indication of bedrock acceleration. WL-51 gives the expected
peak accelerations in rock as a function of recurrence intervals
for a 200-km. sg. area around the Oxnard site:

0.2g - 45 yrs., .75g - 5.2 x 10° yrs.
0.3g ~ 350 yrs. 1.0g - 1.9x 107 yrs,
0.4g - 2,000 yrs. 1.5 =~ 9.6 x 107 _yrs.
0.5g - 11,500 yrs. 2,0g - 1.0 x 1012%yrs,

With a design g~level for tanks of 0. %%g the study gives the
probability exceeding this as 1.0 x 1 7yaax, WL-53 gives the
expected peak accelerations in rock at the Point Conception site:

0.2g ~ 59 yrs. .75g - 2.0 x 103
0.3g - 370 yrs, 1.0g - 2.1 x xog
0.4g - 1,700 yrs. 1.5g - 3.6 x 107,
0.5g ~ 6,500 yrs. 2.0g -~ 3.8 x 10

Using a design g-~level for tanks of 0.32g, the probability of
exceeding this is 1.1 x 10~3/year. 1/

It was conceded by WLNG witness K,C. McKinney that the
Point Conception-to-Cajon route encounters more areas of seismic
risk than the Oxnard- té-%u %1ey Station route {(153/25,105). The
former route crosses 25 fault traces, many of which present
displacement hazards to the pipeline. Bedrock accelerations of
0.7g could also be experienced. 2/

1/ The Point Conception probability figure is conservative,
however, because here, unlike Oxnard, the lack of soll samples
forced the researchers to assume that the bedrock acceleration
equals surface acceleration (i.e., no attenuation is assumed).
On the other hand, the study assumed a g-level design of 0.32g,
while the applicants have proposed a (.25g-level design for
Point Conception,

2/ The FPC DEIS in Pacific Indonegia LNG Company, et al., alleges
that the route from Oxnard to Quigley stat an crosses 10
fault traces and is within 2 miles of 7 others, Ground
shaking could reach 0.7g, and three faults are capable of
causing up to 2 feet of displacement.
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£, Utility Use

Since the Oxnard terminal site is closer teo a large urban
area, it has a more accessible supply of electricity and water
than Point Conception.

At Point Conception, the electric power requirements of the
ING plant would require substation expansion and the addition of
a 35-mile long transmission line. The cost of the new facilities
is estimated at between $3 million and %5 million, WLNG has not
yvet specified its source of fresh water supply. It is consider-
ing onsite wells if there is sufficient usable water on the site.
The only alternative is a new water pipeline. 1/

3, Risk

The major safety consideration associated with the transport,
storage and vaporization of LNG is concerned with large, uncon-
fined spills of the fluid. When LNG is spilled on a relatively
warm surface, like earth or water, it bolls, vaporizes and
achieves a positive buoyvancy at temperatures above -148°F, The
vapor cloud mixes with the air is flammable if the vapor content
is between 5% and 15% by volume of the mixture. If such a mix-
ture should reach a source of ignition (e.g., auto sparks, lit
" cigarette), there will be a fire at that point which will travel
back through the vapor cloud to the source and will start a fire
over the liquid spill. See LNG safety discussion, supra.

Several studies submitted by S5taff and WLNG have been admitted
in this case concerning the risk of fatality from LNG spills and
subsequent vapor fires over populated areas. All the studies
concluded that the risk is acceptable at the Oxnard site, and no
party has disputed this fact. 2/ The SAI study, a conservative
document offered by WLNG, analyzes risks from al1 possible
initiating sources. It concludes that, at a throughput of 4
Bef/d, the maximum risk level at Oxnard is one in %¢7 million
per person per year within five~eighths mile of the site,
decreasing to ome in 10 million per person per year or less within

1/ The FPC DEIS in Pacific Tndonesia LNG Company et al,, alleges
that only a 1.5-mile long transmission line need be built for
the Oxnard facility, and the City of Oxnard will probably be
able to supply fresh water to the site through an existing
water main,

2/ Staff termed the Los Angeles risk marginal, and both Staff
and SAYI found Point Conception to be less risky than Oxnard.
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1 mile of the site. Beyond 3 miles, the risk is less than one
in 10 billion. The probability of one occurrence of 2,000 to
10,000 fatalities is one chance in 100 million per. year. Since
the probability of an electric shock fatality in an electric-
wired residence is one chance in one million per person per year,
the fatality probability within five-eighths mile of the site
because of LNG spills is 15% that of electric customers.

The State of California recently enacted the California
Coastal Act (Senate Bill 1277, signed by Governor Brown on
September 30, 1976), A portion of this legislation provides,

Until the risks inherent in liquefied natural
gas terminal operations can be sufficiently
identified and overcome and such terminals are
found to be consistent with the health and safety
of nearby human populations, terminals shall be
built only at sites remote from human population
concentrations, Other unrelated development in
the vicinity of a liquefied natural gas terminal
site which is remote from human population con-
centritiotls shall be prohibited. At such time as
liquefied natural gHd MA¥ine terminal operations
are found consistent with public safety, terminal
sites only in developed or industrialized port
areas may be approved (California Public Resources
Code, Sectiomn 30261(b)).

The State of California has indicated, on brief, that it "does

not believe that the above-quoted language ... prevents Oxnard

from being chosen as the site for the first regasification facility
in California" (California Reply Siting Brief, 3). 1/ The intent
of the Act 1s seemingly to forestall LNG plant construction in
both densely populated areas and in pristine areas considered by
California to be worthy of preservation.

1/ This is not intended to portray the views of the California
Coastal Zome Conservation Commission. In its Position Brief,
the State of California, (i.e. "The People of the State of
California and the Public Utilities Commission of the State
of California") reaffirms its support for an Oxnard siting,
as stated in its California Siting Brief. However, California
felt compelled to append to its Position Brief the opinions of
two state agencies which have disagreed with its site prefer-
ence, Appendix A states the views of the State Energy Resources
Conservation and Development Commission, which contends that the
CPUC acted prematurely in endorsing Oxnard as the preferable
site. Appendix B states the views of the California Coastal
Zone Conservation Commission, which contends that only it has
the authority to make findings concerning LNG plant siting. It
should be noted that neither of these state agencies presented
their views on the record in this case.
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Oxnard falls in neither of these categories, It 1is an
industrialized port area with low population and risk levels. 10/
Assuming, for example, the simultaneous rupture of two ship tanks
without simultaneous ignition (extremely unlikely), the maximum
downwind distance the vapor giume would travel is 5 35 Km. In
that the proposed pier will be 1.79 Km long, the maximum plume
will only travel 0,56 Km on land. If only one tank ruptures,
the plume would not reach land before dispersion. One wmust .
also assume the accldent occurs to a fully loaded ship at berth
and that the collision occurs with enough velocity to rupture
both the Inner and outer hulls without causing immediate
ignition from the friction (145/23,416-422), Finally, the wind
mist be absolutely malevolent in spead and direction. See also
discussion on LNG safety supra.

10/ Population bata Used in Oxmard Study
(1990 Projections) (WL-51, Table 8.2.1)
Radius Domlnant
About Site Total Population
(Km) Population Characterilstics
0-1 1,897 Industrial (&)
1-2 13,987 Residential/Commercial
2-3 20,157 Residential/Commercial
3-4 22,248 Residential/Commercial
45 23,810 Residential/Commercial
5-6 27,803 Residential/Commercial
6-7 21,808 Residential/Commercial
7-8 23,374 Residential/Commercial
(a)

Estimated Nighttime Population
4-12 P.M, ~ 190 12 P.HM, - 8 A M, - 95
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4, Conclusions

All of the evidence points to Oxnard as the preferred loca-
tion for an LNG regasification facllity., Regardless of the argu-
ment whether there is a beneflt to spreading the risk through
multiple smaller facilities, almost all points of comparison be-
tween Oxnard and Point Conception are unfavorable to Point Concep-
tion--present and future land-use, environment and projected over=
all costs (even though assumed in some measure for Oxnard). It is
noted that the additional ship found necessary to lift the LNG for
El Paso's 2.4Befd case is required on the grounds of reliability
whether Oxnard or Point Conception is chosen as the site for the
LNG regasification facility, While no finding is made that Point
Conception is unacceptable, Staff has met its burden of showing
that the Oxnard alternative site is more suitable. See Burden of
Proof for Alternative Discussion, Section G, supra. If the El Paso
project is certificated, WLNG's license should be conditioned upon
submission of an application to construct an LNG regasification
plant capable of the 2.4Bcfd of North Slope gas at Oxnard,
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I. El Pago - Gryogenié Tanker Fleet

Unlike the foregoing engineering and geotechnical analysis
of El Paso's project (e,g., seismic, soil, or liquefaction plant
design) in which it is impossible to fully quantify the addi-
tional work necessary to complete the project-after certifica~
tion, the cryogenic tanker fleet lends itself to more definitive
analysis., Apart from possible cost overruns in ship construc-
tion, upon which Arctic Gas' witness DelLeon effectively put a 10%
ceiling (156/25,848-25,856), the number of ships needed to
transport (lift) the LNG produced at Gravina Point constitutes
a discrete project component with readily identifiable parameters
and cost consequences. El Paso, in its application and through
its witnesses, presented evidence on the operations of the .
eryogenic fleet. In addition, Arctic Gas questioned El Paso's
witnesses on the assumptions made in using 8 or 11 ships, respec~
tively, for the 2.4 Bcf/d or 3.2 Bef/d alternative cases, and
the record provides adequate evidence to test the reasonableness
of El Paso's fleet size. Sections 1-6 below analyze El Paso's
2.4 Bef/d, eight-ship case without any computer modeling. On
a best-case basis without a chaenge in terminal siting, at 2.4
Bef/d throughput it is found that E1 Paso needs at least one
additional ship, If anything less than 2.4 Bef/d throughput
occurs, the eight-ship fleet design becomes more conservative,
but the cost per Mcf rises,

El Paso considers that its own computer model for ships is
proprietary (e.g., 51/7650-7651) and, while that model was
offered for in camera use, the offer was not accepted because
fairness, if not due process, requires access by all parties
to any computer assistance employed by the Presiding Judge.
Since El Paso's model was not "available," a computer simulation
model was developed which will be available to any party for
scrutiny., Section 7 consists of the output of that model and
the basis upon which it was developed. 1/

1, General Analvsis

Under the 2.4«Bcf/d case, El Paso would employ eight cryo-
genic tankers, each having a capacity of 165,000 cubic meters. 2/
The record shows that El Paso arrived at eight ships as follows

1/ Presumably this model will be made available by the Commis-
T sion to any person upon reasonable terms and conditions as
set by the Commission.

2/ According to El Paso's witnesses Schmitt, each tanker will
cost 5150,700,000 (July 1, 1975, dollars) to construct
(94/14,505).
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(Section 5 of Volume II of E1 Paso's certificate ap
{EP-?3; and further testimony of witness Schmitt (9

14,515

Tanker capacilty . . . . e v e e e

Annual ship utilization time . . . . .
Drydock schedule

Drydock time . . . v o« .
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Average service speed . . . . . . . .

Within 6 miles of Gravina . . .

L

- L] - % 4

Within 10 miles of Point Cenceptlsn .

LNG plant production loaded annually .
LNG delivered annually . . . . . . . .
Heel and boil-off annually . e

Annual shiploads , . . :
LNG production loaded daily (1 157.8 .

Btu/cf) . . .
LNG delivered daily (1,160.2 Btu/cf) .
Heel and boil-off

Gas /LNG volume ratio

Time in port

Gravina
Tie-in time
Pick wp pilot . . . . . . .
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Commecting lla&s . . a
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26,1 v
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Point Conception
Tie-in time

Pick up pilot . . . . . . . . . 0.5 hour

Delay in pilotage water . . . . 1.0 hour

Mooring . . . . . . . . . . 1.5 hours

Connecting lines ., . . . . . . . 2.0 hours

Average total . . . . . . . .. .. .. .. . 5.0 hours
Average pumping time . . . . . .46 "
Cast-off time _

Disconnect lines . . . . . . . . 2.0 hours

Cast off .. . . . . . . . .+ . . 1.5 hours

Delay in pilotage waters 1.0 hour

Drop pilot . . . + « « + - . 0.5 hour

Average total . . . . . . . . . .. ... .. 5,0 "
Total average time at Point Conception . . . . . 24.6 hours

As discussed more fully herein, El Paso projects that each tanker
will use an 11.,5-day actual round trip, computed at 10.72 days
for the round trip and 0.8 days per trip for contingencies. An
additional 15 days per year is provided for random repairs and
delays--presumably mechanical. Finally, El1 Paso allows 20 days
per year drydock time for each tattker. 1/

2, El'Paso's Best Case

Assuming, arguendo, that all of these port and transit
factors relied upon by El Paso are correct, it is barely possible
that E1 Paso could eke out its energy transportation system with
eight cryogenic tankers. As will be Indicated below, the tanker
fleet of eight ships may have some limited flexibility 1if less
than 2.4-Bcf/d throughput occurs, But, in the full 2.4-Bcf/d
case upon which El Paso's unit costs are computed, the eight-
ship fleet is inadequate and will allow no flexibility.
Admittedly, this analysis is static and is presumed to be much
less sophisticated than El Paso's simulation model. It nonethe-
less demonstrates the inadequacy of the eight ship fleet if
flexibility and reliability are ingredients in determining where
the public interest lies.

1/ Periodic drydocking of each of the tankers is important to
fleet efficiency and reliability. Indefinite postponement
of drydocking of seven ships in order to compensate for
the loss of one ship for a period exceeding 2 or 3 years
would appear imprudent.
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At the outset, the 11.5~day round trip is possible, if the
0.8-day (19.2 hours per trip) contingency time 1s reasonable.
El Paso has allowed 10.72 days for the round trip, absent
contingencies:

26.1 hours time in port at Gravina
24.6 hours time in port at Point Conception
101.9 hours 1,886-nautical mile one-way trip
101.9 hours 1,886-nautical mile one-way trip
0.42 hour 6 miles into Gravina at 14 knots
0.42 hour 6 miles out of Gravina at 14 knots
1.0 hour 10 miles into Point Conception at 10 knots
1.0 hour 10 miles out of Point Conception at 10 knots
257.3 hours = 10.72 days

El Paso has argued that its ship scheduling is conservative and
that all such contingencies as port closure because of weather,
operating limitations for Prince William Sound and the Santa
Barbara Channel imposed by the Coast Guard, and loss of time
due to weather at sea are included. In addition, El Paso has
alloted 15 days for random repairs and delays. The assumption
in this section is that all contingencies and delays do not
aggregate more than 35.8 days per ship (0.8 x 26 trips = 20.8 +
15) and that the delays are spread out over the year in order
not to disproportionately affect ship scheduling in any ome
season. The main thrust of this analysis is to determine whether
the eight ships making the 11.5-day trip ¢an physically move
the LNG. It is found that it is conceivable for this eight-
ship fleet to lift the 907,328,000 MMBtu/year proposed by El
Paso and that, at the given Btu content of 1,157.8 Btu/cf, this
anna?é volume to be lifted equates to 783,665 MMcf, or 2,147.03
MMcE/d.

Each tanker has a capacity of 165,000 cubic meters, or
5,826,925 cubic feet of LNG, which by the use of the 593/1 gas/
LNG ratio is a gas capacity of 3,455.3 MMcf per ship. Ignoring
heel requirements, the assumed 232 shiploads could 1lift a
maximum of 801,629 MMcf/yesr, thereby providing capacity flexi-
bility of around 2% at a full throughput of the 2.4 Bef/d.

The net capacity of each tanker is not, however, 165,000
cubic meters. To begin with, the capacity must be reduced 2%
to account for the Coast Guard regulation that LNG tankers be
loaded only up to 98% of capacity (51/7685). The resulting
net capacity per ship is therefore 161,700 cubic meters, or
3386,2 MMcf of gas equivalent,
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In addition, heel must be taken into account, Heel is the
amount of LNG which must be retained in the tanker after delivery
to permit additional LNG loading without further cool-dowm.
Unfortunately, the record evidence on this point (52/7796-7801)
igs inconclusive. 1In Distrigas Corporation, 47 FPC 797, 808
(initial decision issued June 14, 1971), a 1% heel for the
cryogenic tanker "Descartes'" was designed. Since the heel
required is in part a function of the ballast return trip time,
the heel needed for El Paso's tankers in this situation could
well be less. ' :

In its fleet simulation, El Paso used a heel of around 353
cubic meters of LNG per ship returning to Gravina (52/7770),
or-about 0,2% of ship's capacity; however, El Paso warns against
using this figure in ascertaining the material balance (52??79?).
In fact, El Paso's tanker witness Schmitt states that the ships
return to Gravina with sufficient heel to aveoid a cool-down
delay (52/7797-7799). He also stated that the difference between
LNG loaded at Gravima and delivered at Point Conception (15,425,
000 MMBtu/year in the 2.4 case) includes boil-off for the
entire 11.5-day round trip (52/7799-7800). However, he never
resolved whether the heel was what remained after this boil-off.
He concluded that the heel at Pcint Conception was equal to the
4.32-day ballast return trip, plus an additional 1.5~day delay
allowance, times the 0.15% boil-off factor (52/7801).

Pursuant to this formula, El Paso would presumably leave
initial heel at 0.87% of net capacity or 1,407 cubic meters in
each tanker for the return trip from Point Conception to Gravina.
Assuming no delay, each tanker would arrive at Gravina with 363
cubic meters of residual heel, which would have to be deducted
from the tankers' net capacity. For the gross calculations
performed herein, this is remarkably close to the aforementioned
353 cubic meters. The resulting O.{K residual heel is corroborated
by subtracting 1.77% total round-trip boil-off (11.5 days times
0.15% per day) from the 1,9% heel and boil-off figure previously
calculated (2,147 MMcf/d to 2,106 MMcf/d).

Although it is quite possible that El Paso would have to
provide for more than 0,27 residual heel at Gravina, the present
record confines the heel to this 0.2%. Net capacity is there-
fore reduced to 161,337 cubic meters of LNG, or 3378.5 MMcf gas
equivalent, Giving El Paso its claimed 232 shiploads for the
moment, the eight-ship fleet could only lift 783,812 MMcf of gas
per year, which is only slightly more than the projected annual
gas volume of 783,665 MMcf.
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There is some question, however, as to whether 232 ship-
loads per year is feasible even under El Paso s best case, The
eight-ship fleet, with each ship in service 330 days per year
and making a round trip in 11.5 days, can only transport 229.6
shiploads. 1/ By employing the net capacity of 3,378.5 MMcf per
ship, the eight-ship fleet could only lift 775,703 MMcf per year,
which is less than the 783,665 MMcf to be lifted annually. This
would preclude a finding that eight ships could reliably lift
the production of the LNG plant, and without some offsetting
adjustment by El Paso, its proposed annual LNG lift would not
be met. Since this shortfall assumes fully loaded capacity for
each of the 229,6 shiploads, one or a combination of the follow-
ing would be required: increased ship speed or size, reduced
time in port, reduced heel, increased number of operating days
at the expense of drydock or random repair time. Any of these
options, if taken, would reduce El Paso's claim of conservative
design parameters.

3. Modifications to Best Case

It is apparent from El Paso's own best-case assumptions in
its application, as amended, that the eight-ship fleet as pre-
sently constituted -can only marginally 1lift the LNG production
if a full 2.4 Bcf/d throughput occurs. At full throughput,
moreover, the eight-ship mode has very little flexibility to
overcome even the most modest delay. The assumption here is
that miscellaneous contingencies will continue to require most,
if not all of the 19.2 hours per trip contingency time and that
the defined time losses almost certain to occur are additive
to the 11.5-day trip time. Another analysis, infra, concedes
to El Paso the assumption that the 19.2 hours Includes most of
the known contingencies causing delay. The following discussion
makes a number of changes in El Paso's best-case assumptions
and assesses whether an additional ship would be needed.

a. Oxnard Terminal

As indicated infra, the public convenience and necessity
requires that the Western LNG regasification terminal be built
at Oxnard instead of at Point Conception. Oxnard is 70 nautical
miles south of Point Conception and adds 140 miles to the round
trip. This entire increase is through the Santa Barbara Channel,

1/ Stated differently, 232 shiploads per year at a round-trip
time of 11.5 days calls for 8.1 ships. Only if round-trip
time is reduced to 11.38 days can eight ships complete 232
shiploads per year (0.66 days rather than the 0.8 day for
contingenciles El Paso projected or 32,16 days rather than
35.8 days per ship per year). '
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which, as El Paso recognizes by its 10-knot speed approaching
Point Conception, is congested and subject to Coast Guard
navigationag control. 1/ Accordingly, El Paso's own 10-knot
speed within the Santa Barbara Channel will be employed for :the
increment to Oxnard, which of course adds another 14 hours to
the 11,5-day round trip. 2/ With the resulting 12,l-day round
trip, the eight-ship fleet could only accomplish 218 shiploads,"
which provides the capability of lifting only 736,513 MMcf/year,
6% short of the 783,665 MMcf/year LNG production. Therefore,
assuming only that the regasification plant is built at Oxnard,
a ninth ship must be included in El Paso's fleet. If El Paso
were to reduce its l5-day random repair figure to permit one
more round trip per year for each ship, which is totally
unreasonable, the resulting 226 shiploads could 1lift only
763,541 MMcf at Gravina. This is shorxt of the annual LNG
production of 783,665 MMcE,

b. Port Closure and Other Weather

Returning to El Paso's optimal case, a 10.72-day round trip
is found to be the outer limit of what can be achieved in ship
scheduling (the l5-day random repalr and delay allotment is not
considered herein). This is remarkably close to El Paso's own
figure of 10.69 days for "the ideal round trip time assuming no
delays for weather, port closure, wait for cargo or wait for
berth or wait for LNG or wait for storage tank capacity to
unload" (52/7758). But port closure, one of the many contingen-
cies already included in the 19.2~hour per trip estimate along
with the 15 days allotted annually for random ship repairs and
delay, appears to have been treated much too lightly. To the
extent that port closure and weather are calculable they
reduce the "so-called conservative factor'' represented by El
Paso as the hallmark of its plan.

1/ No time would be saved by rerouting the tankers to bypass
the Santa Barbara Channel., This would require deviation from
El Paso's great circle route, and even a cursory examination
of a California map compels the conclusion that,circumventing
the islands of San Miguel, Santa Rosa and Santa Cruz, would
add more distance than El Paso's unrestricted 18.5 knot
service speed could absorb in the 14 hours needed to travel
through the Santa Barbara Channel,

2/ 'The assumption here is that El Paso's best case takes 11.5
days, which includes a range of miscellaneous delays. A
terminal at Oxnard obviously was not considered in the 19.2
hours per trip "miscellaneous' delay time which El Paso
allowed for its best-case assumptions. Adding travel time
to Oxnard only to the 10.72 days El Paso uses for its
irreducible transit time leaves only 5 miscellaneous contingen-
¢y hours on an 11.5-day round trip,
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El Paso estimated that visibility less than 1 mile would -
occur only 1,87 of the time at Gravina Point (51/7655-7656, 7664;
52/7783). There is, however, an engineering report prepared for I
El Paso which stated that the visibility is less than 1 mile .
7% of the time (51/7674). 1/ Port closure because of waves (4 .
feet and greater) could oecur 25% of the time from October
through April at Gravina Point (EP-98, p. 2A.5-6) and wind (30
mph or greater) around 7.5% of the time throughout the vear,
(EP~-98, p. 2A.3-35). Giving El Pasc the benefit of the doubt,
these two causes of port closure will be considered to occur
simultaneously. 2/ The record further indicates that El Paso,
in its simulation, employed port closure figures at Gravina and
Point Conception of 11% annually (52/7781). While it is of
course possible that such port closure might not directly impact
round-trip time, for the present illustrative purpose an assumption
of direct correspondence is prudent. Port closure of 11% trans-
lates to about 2.6 hours at each port, or 5.2 hours per round
trip. Of greater relevance, however, is the potential port
closure time during the shippers' peak period. For example, El
Paso used port closure figures for December of 207% at Gravina
and 227 at Point Conception; this could total 10 hours per round
trip in December, Nevertheless, El Paso's December port closure
figure of 20% for Gravina could well be increased to 30% to
compensate for the 25% wave- and wind~ caused closure and the
7% visibility-caused closure, rather than using El Paso's overall
1,8% figure to adjust the estimate,

While the following quantification of this increase in port
closure delay is obviously of limited accuracy, the cumulative
effect is nonetheless significant. The previously determined
12,.1~day round trip (regasification plant at Oxnard) would be
increased by 2.4 hours by this additional port closure at Gravina
Point, The resulting 12.2-day round trip would lead to a lift-
ing shortfall in December of 6.7%. 3/ While such a deficiency
woutld only be seasonal, El Paso would have to design against it.
Even though such a design would result in a lower fleet load
factor during the off-peak season, E1 Paso could not afford to

1/ El Paso's witness stated that the reference was "unsupported
and, therefore, he did not "assign too much emphasis to it."

2/ There is no evidence on the point, but fog conditions would
appear to be inconsistent with high winds,

3/ This percentage reflects, in effect, an annual calculation,

in that it uses a 330~day fleet operation. Despite the fact
that a higher rate of flat operations would occur in the
winter, since all drydock time is scheduled for off-peak
periods, a discrete calculation based solely on winter
operations would yield a higher percentage shortfall because
of the greater LNG plant production required during that
period, infra.




145

lose this percentage of LNG plant production, especially since
December and the other winter months constitute the peak demand
period for most potential shippers. A ninth ship would have to’
" be added for minimum reliability,

¢. Drydock and Cool Down

With the present meteorological evidence in the record,
it is impossible to accurately assess the exact impact which
additional weather-caused delay would have upon the tankers'
capability to 1ift LNG. However, any increase in the allotted
drydock time has a direct impact upon fleet capability. There
are three sources of potential delay. To begin with, E1 Paso
factors in 2 days for the voyage to drydock, including warming
up the ship's tanks and removing the residual gas vapors. El
Paso derived this figure from its experience of operating
cryogenic tankers and, while El Paso asserts that the time
required for the warm-up and gas-free process is not necessarily
a function of ship size, the proposed tankers are twice as large
as the tankers from which El Paso extrapolated its data (51/7700-
7703). Accordingly, it is possible that additional warm-up and
gas-free time will be needed, 8ven though there is no doubt
that the ships can travel to the drydock (probably at San Diego)
within the given time confines (52/7758).

Of greater concern is the & days set aside by El Paso for
return to service and cool~down. First of all, even with the
most optimistic assumptions (2,107 mileg from San Diego to
Gravina at 18.5 knots), the trip would take 4.7 days. In
addition, the cool-~down process requires LNG injection into the
tanks since the ships themselves do not have the refrigeration
equipment., The record does not reflect any west-coast facility
which could inject LNG to commence cool-down. Accordingly, it
is likely that each ship will have to travel to Gravina (Z.7
days) and then begin cool-down. The cool-down process itself
would take at least 2 days.

Finally, there is presently very limited west-coast drydock
capacity, and the available facilities could be overwhelmed by
the scheduled and unscheduled maintenance of the El Paso
cryogenic fleet and the much larger number of Alyeska 0il super-
tankers (51/7699). The record is inadequate to estimate any
resulting delay, but this delay for drydoek facilities should
not be ignored. While El Paso could conceivably take steps
to avoid such delays, additional capital and operational costs
would have to be assessed against the project.




146

This discussion Indicates that it is conceivable that at
least 2 days could be added to the present 20-day drydock
allowance, bringing the annual ship utilization time down to
328 days and thereby reducing the annual shiploads, on the basis
of a 12,1~day round trip from 218 to 216.8. The annual lifting
capacity would be reduced to 732,458 MMcf.

d. Service Speed

The 18,5~knot service speed employed so far in this analysis
is illusory. El Paso concedes that 18.5 knots is the service
speed in calm water; this makes an average north Pacific 18,5~
knot operating assumption completely unrealistilc, according to
El Paso's own baseline meteorological evidence for the north
Pacific (51/7718);Application, Volume IV, pp. 2F.2-1 through
2F.2-13), El Paso in fact employed average service speeds of
17.9 knots for the loaded trip and 18.3 knots for the ballast
trip (52/7758). These speeds add 4.6 hours to the previously
calculated 10,72-day optimal round trip, increasing it to 10.91
days and reducing the 19.2-hour contingency time to 14.16 hours,.
If these 4.6 hours are added to the 12,1-day round trip, the
resulting 12,3~-8ay tound trip would allow 214 round trips. Even
though El Paso coéhcedes that LNB sargo slamming caused by rough
weather or even swell-type waves may require a course change
and/or speed reduction (5177724), it included no time allowance
%nl§tgzs§mulatian for either a direction change or speed reduction

51/7725).

Only a computer simulation can fully digest the afore-
mentioned detailed meteorological data in El Paso's application
and glve even a rough approximation of average service speed.
An adequate appreciation of the problem can be seen, however,
from the consideration set forth below. Reducing service speed
to 17 knots would add 18 hours (0.75 days) to the round trip,
which at this stage of analysis is already up to 12.3 days.

The resulting 13,05~day round trip would reduce the number of
shiploads (even assuming no further drydock delay) to 202 and
the LNG lifted to 682,457 MMcf, a 12,97 shortfall. Under these
assumptions, even a nine-ship fleet would be inadequate, being
able to 1lift only 768,901 MMcf. A tenth ship would be required,

e, Coast Guard Navigational System

In its LNG Safety Brief, El Paso recognized that a Coast
Guard-operated navigational system will likely be instituted for
Prince William Sound. This includes a Vessel Traffic System to
control tanker traffic to and from Valdez (EP-74, p. 89). While
it is presently impossible to foresee the exact extent of the
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additional delay, it is reasonable to anticipate regular inter-
ruption of El Paso's 18.5~knot service speed as the cryogenic
tankers attempt to leave Orca Bay to enter the main shipping
lane and pass Hinchinbrook Island or to enter Prince William
Sound from the Gulf of Alaska, where vessel separation require-
ments would prevent full-service speed (8T-22, pp. II 60-61).
Until the plan is operational, the length of delays will not

be known. But, in light of the volume of shipping from Valdez--
the Alyeska tanker fleet numbers about 35 ships (53/7851-7852)
--it is reasonable to assume that a 2.5-hour delay each way
could occur. This could add another 5 hours to the round trip. 1/

The resulting 12.5~day round trip would permit only 211
shiploads per year, thereby reducing the fleet's lifting
capacity to 712,863 MMcf/year, a 9.03% lifting capacity deficit.
Under this scenario, El Paso would be forced to use a nine~ship
fleet which could 1ift 802,731 MMcf/vear, thereby leaving 2.4%
excess lifting capacity in reserve on the same 2.4 Bef/d full-
throughput case.

f. Night Operation

El Paso's gsimulation assumes 24-hour operation, including
docking and ship cast-off at both the Gravina and Point Concep-
tion ports (51/7690-7691). Under the Waterways Safety Act, the
Coast Guard must give its approval for such 24-hour operation.

In this regard, the LNG facllity at Boston, which is admittedly
in an Intown harbor area, is restricted by the Coast Guard to
daytime operations (51/7690-7691). EIl Paso is still discussing
with the Coast Guard the operating schedule for its Cove Point,
Maryland and Savannah, Georgia regasification terminals (31/7691-
7693). A restriction against nighttime docking at either Gravina
or Oxnard would obviously require increasing fleet size to 10

or more vessels. ‘

g. Gas/LNG Ratio

El Paso has emploved a gas/LNG ratio of 593:1 at Gravina,
and this ratio has been employed throughout this analysis.
Apparently the gas composition assumed by El Paso, reflecting
substantial percentages of heavier hydrocarbons such as propane

1/ 1f each of Alyeska's 35 ships and El Paso's 8 ships is
assumed to run 26 round trips per year, there would be 2,236
passages annually past Hinchinbrook Island.
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and ethane, led to this relatively low ratic. Pure methane has,
a ratio of approximately 625:1. At the present time, it is

not possible to ascertain the final composition of the Prudhoe
Bay gas, but if the producers were to remove most of these
heavier hydrocarbons presently included in El Paso's assumption,
the ratio would increase. This would assist El Paso's fleet
lifting capacity, If for example the ratic were increased to
615:1, the fleet's capacity would increase by 3.7%; that is,
each ship's net capacity would increase from 3,378.5 MMcf to
3,503 MMcf. At that capacity, the eight-ship fleet would have
to make 223.7 trips annually to lift the full plant production;
however, as previously determined, it is very doubtful that El
Paso could make more than 211 trips. This schedule would 1ift
only 739,133 MMcf. Clearly, even if El Paso were given the
benefit of the doubt on gas/LNG ratio, it would still need at
least a nine-ship fleet.

4, Alternative Anaglvsis

To test whether the margin of 19.2 hours between the optimal
10.7-day round trip and El Paso's 11,5-day round trip is a
conservative cushidn which anticipates all additional delays,
the foregoing schedule mmdifibﬁtigﬁs will be reanalyzed by
assuming arguendo that the 19.2-hour contingency factor was meant
to cover such eventualities, For the sake of this exercise, a
restriction on night operations, reduced service speed caused
by bad weather on the high sea, additional port closure caused
by weather conditions not considered by El Paso, Coast Guard-
impaired reduced service speed, and a different gas/LNG ratio
are not included.

The 19.2-hour continﬁency must be reduced by the following:
4.6 hours for the conceded service speeds of 17.% knots and

18.3 knots for the loaded and ballast trips, respectively; 5.2
hours for the 11% annual average port closure at Gravina and
Point Conception estimated by El Paso; and 14 hours for the
additional traveling time to the regasification plant at

Oxnard, 1/ Just these properly anticipated eventualities alone
add 23.8 hours of delay to the 10.7~day optimal round trip. Not
only is the 19.2-hour contingency provision exhausted, but
another 4.6 hours must be added to the 11,5-day round trip,
resulting in a minimum time of 11.7 days. When the amended
annual service utilization time of 328 days (2 days were added
for return to service and cool-down) is joined to this 11,7-day

1/ 1Ignoring the relocation to Oxnard, the other two specific

items wipe out about one~half of El Paso's "contingency”
allowance and demomnstrate that the optimal round trip to
Point Conception is at least 11,1 days.
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round trip, the eight-ship fleet can only lift 757,708 MMcf, a
3.3 percent lifting shortfall. Accordingly, 8.3 ships would be
required to lift the 783,665 MMcf annual production.

Of ¢ourse, this 11l.7-day trip figure is still illusory and
inadeguate. It provides absolutely no room for other delays,
which no doubt will occur. For example, it has already been
determined that the 18,5-knot service speed employed by El Paso
in its simulation assumed a completely calm ocean. The meteoro-
logical evidence of record alone demonstrates the absolute
deficiency of this assumption. Just to avoid anticipated LNG
cargo slamming, the service speed would have to be reduced. 1/

5. Related Consideration

a, Storage Tank Capacity

Having determined that a nine-ship cryogenic tanker fleet
is essential, it is then necessary to determine whether the LNG
plant itself needs modification because of the fleet's capacity
to lift LNG., Four propose# 550,000~barrel storage tanks have a
gross capacity of 349,773 cubic meters. 2/ Some adjustment,
however, must be made to this storage capacity. El Paso concedes
that maximum net capacity is 56 percent, leaving a 2 percent-ullage
space at the top of the tank (51/7683) and 2 percent LNG in the
bottom to insure against the loss of pump suction (51/7689},
Accordingly, the maximum net storage capacity is 335,782 cubic
meters. Translated into a gas equivalent, it has net storage
capacity of 7,032 MMcf, which is enough storage for 3,28 days of
average day LNG production (2,147 MMcf/d) or 3.0l days of maximum
LNG production (2,335 MMefd). 3/ Moreover, such net storage could
fill 2.08 tankers (3378.5 MMcf net capacity}.

I7 The "Polar Alaska,” an LNG carrier used in the Kenai-Tokyo
trade, was out of service for several months because of cargo
damage to the ship's hold,

2/ EL Paso rounds this storage capacity to 350,000 cubic meters,

3/ The record shows maximum-day plant inlet volumes of 2,531
MMcf. Assuming the same LNG production efficiency rate on a
maximum-day basis as is shown by El Paso for average~day
operations, maximum-day LNG production would be 2,335 MMcf.
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For purposes of this storage/tanker fleet analysis, a 12,3~
day round trip, 328~day annual utilization, and 3,378.5 MMcf per
ship net capacity are assumed. 1/ These have been proven on the
record for the maximum possible 2.4-Bef/d case. The nine-ship
fleet would make 240 round trips, which means that one ship would
arrive every 1.52 days. Under such an average arrival schedule,
El Paso would need storage for 155,832 cubic meters of LKG, the
equivalent of 3,263 MMcf of gas, when the plant is producing
102,521 cubic meters of LNG per day (2147 MMcf/d). El Paso's
335,782 cubic meters of storage could then sustain a tanker delay
of 1.76 days (42.25 hours} before the plant would have to cease
average-day operations. This of course assumes that El1 Paso would
normally keep a very low storage inventory to keep this capacity
available.

This l.76~day delay storage capacity is not, however, com-
pletely accurate. &As will be discussed, El Paso plans to syn-
chronize liquefaction train maintenance and cryogenic tanker dry-
dock during the summer period, which necessitates increasing
liquefacgtion production to 105 pareent during much or all of the
period from October through April. El Pasco would be coperating
all nine ships during this 280-day make-up winter period and pro=-
ducing up to a maximum of 2,335 MMcf/d--~that is, 111,498 cubic
meters of LNG per day. Nine ships, making 126 round trips during
this 180-day make~up period (assuming a 12,3~day round trip and
a 7.40-day prorated share of the 15-day random repair allowance),
would have an average arrival interval of 1.43 days, which means
that E1 Paso would have to store 159,442 cubic meters of LNG between
deliveries. The remaining 176,340 cubic meters of storage could
permit this production for another 1,58 days (37.9 hours) of delay.
With the eight-ship fleet, the permissable delay would only be 1.4 days.

Although El Pasc would not always be operating in this turned-
up mode, it would do so for substantial periods; therefore, it
must design its LNG storage tank capacity for this l.58-day delay
limit. Although there is some indication (52/7784) that the
Gravina port would not be closed for 37.9 hours because visibility
was reduced to 1 mile, port closure for such a duration between
October and April because waves exceeded 4 feet appears likely
about 2.2 percent of the time, or 2.5 times during each winter

1/ 1In the ship lifting analysis above, El Paso was given the
benefit of an ll.5-day trip, which gave no flexibility. Given
the unreasonableness of that approach, it is not used here.

It would be unreascnable to take a flexibility not shown by
the record and apply it to an interface storage which appears
also to provide little flexibility.
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period (EP-98, tables 2A.5-2 and 2A.5-3), Accordingly, while it
is not likely that El Paso's tankers will frequently experience
more than the maximum permissable 37.9-hour delay, it will
inevitably occur on certain occasions. This leads to the
conclusion that a fifth storage tank may be required if El Paso's
multicomponent transportation system is to be reliable and free
from service interruption.

If there were a design delay -~ that ig, up to 1.58 days ==
it would be essential that delayed tankers could immediately
commence loading after their arrival without further delay for
cocel-down. The potential need for cool-down is the weak link in
the fleet/storage interface. Clearly, if a substantial port-
closure delay of 1.5 days or greater occurs, therehy backing up
two tankers, ElL Paso's design pumping capacity of 58,000 gallons
per minute per ship (EP~62, p.3.1-23) could theoretically fill
both ships in 12.27 hours. This pumping capacity appears to
provide some reserve to reestablish the fleet's normal schedule.
However, the need for cool-down would lessen this reserve
capability, As previously discussed, El Paso plans to leave
enough heel in each tanker after delivery in California to allow
for the 0.15 percent per day boil-off for the ballast trip to
Gravina plus 1.5 days of delay. In that the nine-ship fleet
would have some reserve 1lifting capacity, E1 Paso can and should
increase the heel allowance to prevent the need for cool-down
even after a design delay.

This analysis leaves no other conclugion than that storage
capacity must be increased, either by enlarging the existing tank
capacity or adding a fifth tank. Given the fact that El Paso has
not completed its design, it is unlikely that this would sub~
stantially delay its project. It would, however, add additional
costs which cannot presently be quantified., In addition, 1t shows
once again the close tolerance which E1 Paso has used for a system
which, by its very nature, requires greater flexibility to give
confidence in its reliability.

b. El Paso Liquefaction Plant

El Paso's liquefaction trains have a design inlet flow capa-~
bility of 421.88 MMcf/d per train. Thus, the six trains could
accommodate plant inlet volumes up to 2,531 MMcf/d compared to
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annual average~day plant inlet volumes of 2,327 MMcf. 1/ However,
the plant design provides for no standby or spare liguefaction
trains, and El Paso will be able to employ only five trains when

a train is off the line for scheduled maintenance. The design

inlet capability of five trains is 2,109 MMcf/d, or about 218 MMcf/d
below projected average day operations. El Paso has stated it will
schedule its liquefaction train maintenance in off-peak months,

when shippers will be better able to adjust to reduced daily
deliveries, and will balance fewer deliveries over the year with
higher deliveries between October and April. However, the obvious
implication of this proposal is that, ignoring whatever minor storage
benefits might be afforded by line pack in the upstream 42-inch
pipeline and also ignoring constraints imposed from time to time

by fleet lifting capability, producers could be called upon to
deliver scheduled daily volumes over the year at Prudhoe Bay of
roughly 2,100 MMcf to 2,500 MMcf, or a swing of nearly 20 percent.
While such a swing in deliveries from a nonassociated gas reservoir
would not be unusual, such is not the case here. 01l production
rates will determine the avallability of gas volumes, and gas ornce
produced must be delivered to market, stored, reinjected or flared,.

It is not presently known whether the producers, under the
field operating plan to be approved by the State of Alaska, will
be able or willing to permit such variations in daily deliveries
or whethexr such variations if permitted, will carry an additional
production cost born ultimately by consumers. Any such fluctua-
tions in daily delivery volumes will impact the demonstrably taut
balance in downstream LNG storage and tanker capability. Moreover,
as shown above, the El Paso eight-ship fleet is underdesigned to
adequately accommodate the projected average-day LNG volumes, and
even a nine-ship fleet may be incapable of reliably moving peak=-
period volumes in winter when the risk of port closure is greatest.

1/ El Paso shows that on an annual average-day basis, each train
will receive 387.8 MMcf and produce ILNG equivalent to 357.8
MMcf for the 2.4-Bcf/d ease. However, since each train will
operate only 345 days per year, the average inlet volume per
stream-day will be 410.3 MMcf, producing LNG equivalent to
378.6 MMcf. El Paso refers to the average stream-dav volume
as ?1?0 percent” operations (52/7766). Assuming the same
efficiency of LNG production or design capability, an inlet

;ﬁlgme of 421.88 MMcf will produce LNG equivalent to 389.2
cf,
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Under El Paso's 2,4-Bcf/d case, its liquefaction plant, as
previocusly described, consists of six independent but parallel
process trains. Apart from the lifting capability of the tanker
fleet, it is necessary to scrutinize El Paso's claimed adequacy
of the liguefaction plant to process of all the Prudhoe Bay gas
production.

On the surface, it appears that the six-train ligquefaction
plant could produce the 37,421,418 cubic meters of ILNG (783,665
MMof of gas) which El Paso claims can be loaded on the tankers
annually., That does not, however, include the maintenance schedule
of the plant. El Paso included 20 days per year per train for
scheduled and unscheduled maintenance {EP-65, p. 3.1-54; 52/7764).
Under the six-train design, that means 120 days annually when the
plant is coperating with only five trains. For the six-train plant,
average stream~day inlet volume is 2,462 MMcf, and LNG production
ig 2,272 MMcf., During maintenance—-—that is, for 120 days per year—-
the plant could only handle an inlet flow of 2,052 MMcf/d at the
average stream-day rate and could only produce 1,893 MMcf/d.
Moreover, El Pas¢ contemplates thls plant maintenance schedule
coinciding with the tanker drydock schedule in the late spring,
the summer, and the early fall (EP-73, p. 5.4-4). El Paso of
course uses a 20 day drydock period per ship, which, under the
"eight-ship fleet, means 160 days per year when the fleet is only
seven ships strong.

For the purpose of this analysis, the aforementioned proba-
bility that the field production flow would not be altered to suit
El Paso's schedule is ignored. The resulting questionable scenario
is nonetheless analyzed to demonstrate the inadequacy of El Paso's
six~train design under the 2.4-Bof/d case. During this 120-day
ING plant maintenance period, the five trains operating at 100
percent, i.e., average stream-day output, could produce LNG equiva-
lent to 227,160 MMcf. Since the tanker fleet would simultanecusly
be operating with seven active ships, the lifting capacity for
that period would be 221,312 MMcf, (This figure includes the
previously determined 12.3-day round trip, the 3,378.5 MMcf net
capacity per ship, and the proportionate share--4.9 days--of the
15~-day allotment for random repair and delay.} El Paso would have
to decrease LNG production per train from the 100 percent to
accommodate tanker lifting capacity.
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There would be a 40-day period when the LNG-plant was opera-
ting on six trains while the fleet was still only seven ships,
strong, caused by the 160 days of drydock versus the 120 days of
LNG plant maintenance. During this 40-~day period, the seven-ship
fleet could only 1lift 73,739 MMcf. (The 12.3-day round trip and
3,378.5-MMcf net capacity were employed, along with the propor-
tionate share~-1.65 days--of the l15-day random repair period.)
Unfortunately, while the six-train plant could produce 90,864
MMcf at the 100 percent rate during this 40-day period, the fleet
lifting capacity would force a production reduction for that period.

For this 160-day period, El Paso would have preduced and
lifted 295,051 MMcf, leaving 488,614 MMcf to be produced and
lifted in the remaining 205 days. It appears that El Paso plans
to compensate for the earlier underproduction from COctober through
2pril, To begin with although all eight ships would be in opera-
tion during this period, they would be able to 1lift only 432,007
MMcf. (Based on the 12.3-day round trip and 3,378.5-MMcf net
capacity, the proporticnate share--§.4 days-~of the l15~day random
repair period is included.) If El Paso could run each train at
the design inlet flow of 421,88 MMcf/d, the total inlet flow of
2,531 MMef/d would produce 478,675 MMcf of LNG equivalent over the
205-day period. Not only is this less than the needed 488,614
MMcf and more than the lifting capacity of the eight-ship fleet,
but it is also guestionable that prudent practice would permit the
plant to operate at that rate for that period.

Since it has already been determined that at least nine ships
are needed, the analysis above will now be repeated with nine
ships. To begin with, during the 120 days when the plant is only
operating with five trains and one ship is always in drydock, the
remaining eight ships could 1ift 252,919 MMcf; however, the plant
would only produce 227,160 MMcf at the 100 percent rate and
therefore could not fully utilize this lifting capacity. In fact,
the five trains to operate at design inlet capability could produce
LNG equivalent to only 233,520 MMcf, and thus full fleet lifting
capacity could not be utilized.

Instead of a 40-day period when the plant is operating with
gix trains and the fleet is still short one ship, this period
would now be 60 days. The eight ships could 1ift 126,437 MMcf
{(under the same assumptions as before), While the six-train LNG
plant, producing at the 100 percent average stream-day rate, could
produce more than this amount over this same 60~day period, the
production would be limited to the 126,437-MMcf fleet lifting
capacity.




155

During this 180-day period of simultanesous liquefaction
plant maintenance and cryogenic tanker drydock, El Paso would be
able to produce and lift a maximum of 359,957 MMcf, Therefore, in
the remaining 185 days, mostly likely October through April, El
Paso would have to produce and lift 423,698 MMcf. The full nine-
ship fleet, having the scheduled maintenance behind it for this
185~day period, could lift 438,547 MMcf. But this figure is
guestionable, since the port~closure rate during this 7-month
period is greater than the 1l percent annual average; it is 15.15
percent at Gravina and l4 percent at Point Conception (52/7781}).
If the plant were to operate at the maximum design inlet flow of
2,531 MMcf/d (421.88 MMcf/d per train) to produce 2,335 MMcf/d
for the entire 185-day period, it could conceivably produce
431,975 MMcf, or 2.0 percent more than the scheduled amount (a
2.4 percent production shortfall}.

Under the nine-ship case, the only way El Paso could annually
produce and lift the claimed 783,665 MMcf would be to increase
the five trains during the entire 120-day summer maintenance
period to design capacity ¥Hd SPRrate within 2 percent of capacity
during the 185-day, October~through-april period. This apparent
sufficiency of the six-train liquefaction plant is, however,
illusory, because the aforementioned assumption that the five
trains run at design capability for the entire 120-day maintenance
period suggests guestionable operating practice. With one train
down for maintenance during this entire 120-day period, El Paso
would already approach serious service interruption, and it would
be imprudent to risk forced outage of another train by running
each train at capacity.

It is clear from the foregoing discussion that, similar to
shipping capacity and LNG storage, the proposed six-train design
does not contain sufficient flexibility to assure the necessary
reliability of service which ratepavers are entitled to expect
with El Paso's proposed 2.4-Bcf/d case. Accordingly, any compara-
tive analysis of the El Paso 2.4-Bcf/d project should include not
only a ninth cryogenic tanker but alsc a seventh liquefaction
train. 1/

1/ If the Prudhoe Bay volumes come in at a level less than 2.4
Bef/d-~say 2.25 Bef/d--El Paso'’s proposed design gains some
degree of flexibility, but at the expense of higher unit costs.
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Even if the benefit of every doubt were fiven to El Paso,
it is totally unreasonable to claim system reliability without a
standby liquefaction train. It is stretching credibility to design
without considering untimely, or indefinite, forced fytage of any
one of six trains over any extended period of time.l/ No finding
can be made that this proposed design meets the public convenience
and necessity.

6. Summary

There are no astounding conclusions to be drawn from
this exercise on ship carrying capacity and the interface of the
various components of this complex tecﬁnology. El Paso has given
a best-case presentation of its operationis over the years which
leaves no flexibility. It 1is simply not credible as presented.

However, while additional or enlarged facilities
clearly are required, dollar cost associated with such additions
or enlargements will not necessarily reflect the cost of an addi-
tional LNG train, storage tank or ship. El Paso may choose to show
reliability at a lower throughput or to enlarge and redesign
components. Thus, while a comparison in the economic sections,
infra, reflects the increased costs of an extra LNG train and a
ninth ship, less costly solutions are in all liklihood possible,

The above observation is borme out by El Paso's late-
filed submission of a '"'sensitivity" study of its fleet designs.
Toward the close of the hearing, it became apparent that Oxmard
was a very viable alternative to the Point Conception proposal.

El Paso was asked, therefore, to submit a study showing its computer
simulation of an eight-ship 1ift between Gravina Point and Oxmard.
By 1etter dated January 3, 1977, E1 Paso submitted an extensive
"study" showing that the additional haul would require redesign of
its ships from their present 165,000-cubic meter capacity to '
175,000 cubic meters to accommodate the additional distance. This
came as no surprise. During the time the analysis was being made
in this section of the Initial Decision, it was evident that a
ninth ship or redesign of fleet capacity would be required solely by
adding the additional Oxmard trip time to El Paso's very tight,
precise schedule. No evidentiary weight can be given or will be
gliven to this study, however, since the other parties have not had
an opportun%;y to fully test either its premises or its ultimate
conclusion.

I/ This is an application of Connolly's Law. Murphy's law: 1If
it can go wrong, it will. Brackett's law, as coined by El Paso:
If it is necessary for Arctic Gas to succeed it will occur;
Connolly s Law: Murphy's law is only for the competitors and
Brackett's law, modified to fit El Paso, is only for El Paso.

2/ The question is immediately raised, for example, whether in
designing up to 175,000 cubic meters, El Paso will be able to
realtize that "block coefficient' advantages claimed for its
165,000-cubic meter design.
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7. Tanker Fleet Simulation Model

In the prior section it was demonstrated that under the
2.4 Bef/d case El Paso would have to operate a ninth 165,000
cubic meter cryogenic tanker in order to reliably 1lift the proposed
annual volumes of LNG of 37,421,418 cubic meters (783,665 MMcf of
gas). In the instant section a computer simulation was performed
which provided the same result,

This simulation model Is based upon a formula provided by
the Division of Economic and Operational Analysis of the Federal
Maritime Administration. This formula is used to determine fleet
size and is based upon route, cargo and ship characteristics.

This basic model was then elaboi?tﬁd to include effects of weather
and service speed restrictions.t

While a detailed description of the cryogenic fleet simula-
tion model, including program listings, appears in Appendix E, a
brief explanation of the elaborated formula underlying the model
is herein presented: In order to determine the number of ships
in the fleet, the annual cargo load is divided by the product of
multiplying LNG shipment size by the result of the following
division -~ annual operating days divided by the round trip time,
which is the sum of the distance divided by the product of speed
times 24 for each segment of the journey plus part time delays«%/
" The following adjustable inputs are employed in the simulation:
annual operating days, shipment size, actual annual cargo lifted,
series of part time delays, and trip segments and weather.

The following computer model simulation runs corroborate
the need for a ninth ship:

I/ By FPC staff personnel who were not involved in the trial of
this proceeding and who were detailed to the Presiding Judge.

2/ Yumber of ships = annual cargo load

shipment _— —
size of X | anmual operating days
LNG number of X/distance \+ part time
segments (Eﬁx speed)delay
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1. Under the best possible case for El1 Paso, 7.98l ships
would be needed. The inputs included are 330 days annual operating
days, 161,337 cubic meter shipment size, 37,421,418 cubic
meter annual LNG cargo lift, 1.42 day and ' 1.32 day port delays
at Gravina and Point Conception respectively (52/7771), 10 nautical
miles between ports each direction at 18.5 knots, and 6 nautical
miles into and out of Gravina at 14 knots. These port delay and
journey segment inputs result in a 11l.35-day round trip. If El
Paso's own 11.5 day figure is employed, 8.085 ships would be needed.

2. If the regas plant is moved to Oxnard, thereby adding
70 miles at 10 knots in each direction, 8.391 ships are needed.
All other inputs remain the same.

3. When the service speed 1s reduced from 18.5 knots to 18.3
knots for 1886-mile ballast trip and 17.9 knots for the 1886-mile
loaded trip, as El Paso conceded on cross-examinatiom should be
used, the nunber of ships needed increases to 8§.523.

4. Together with the above preceding two input changes
reduction of the annual operating days to 328, to account for
another two days for the ships to return to service and cool-down
after drydock, increases the number of ships needed to 8.575.

5. Reduced service speed in and out of Prince William Sound
also has a delaying impact. When the l4-knot speed employed by
El Paso for the last six miles is applied to the approximately
50 from the entrance of Prince William Sound to Gravina and
added to the inputs in the three preceding paragraphs, El Paso
needs 8.617 ships.

6. If on the other hand, future navigational controls in-
crease this delays up to a reascnable figure like 2.5 hours in
each direction, 5 hours per round trip, and this time were added
the 1.42-day port delay at Gravina to give a l1l.63-day port delay,
the number of ships needed would be 8.724.

7. If El Paso were in fact unsuccessful in obtaining Coast
Guard approval for 24-hour berthing and departure at Gravina and
Oxnard, additional average delays of 0.74 days and 0.58 days
would be added to Gravina and Oxnard port delay, respectively
9.551 ships would be necessary under such circumstances. If this
restriction on night operations applies solely to Oxnard, 9.027
ships would be required.

8. Including the input changes in paragraphs 3, 4, and 6 to
the ideal case found in paragraph 1 (return of the regas plant
from Oxnard to Point Conception) still results in the need for
8.311 ships.
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9. As will be detalled in Appendix E, the computer simulaticm
model has also been structured to digest El Pago's trade route
baseline meteorological evidence (Application, Volume IV, pp. 2F.
2~1 through 2F. 2-13). When this weather data is included in the
simulation, the round trip time increases, thereby reinforcing the
need for a ninth ship. : l

H

When weather 1s added to El Paso's best case, supra paragraph
1, the 7.981 ship figure increases to 8.080 ships, ~Perhaps the
most probable scenario, however, is found in paragraph 5 above:
that at 328 annual operating days, Oxnard instead of Point
Conception, reduction of service speed for 50 nautical miles in
and out of Prince William Sound to 14 knots, and average service
speeds absent weather of 17.9 knots loaded and 18.3 knots unloaded.
These inputs lead to 8.617 ships. Inclusion of the weather inputs
increases that te 8,717 ships.

Examination of this last computer run shows service speeds
through the many weather segments of the trade route which generally
correspond to the 17.9 and 18.3 knot average service speeds
mentioned by El Paso's witness Schmitt. He had previously testified
that Bl Paso did not use a weather input, but, if one were to
assume that in fact the 17.9 and 18.3 knot service speeds reflect
the trade route weather data, thereby converting the base spsed
back to 18.5 knots, El Paso would still need 8.584 ships.

10. In anticipation of a possible El Paso rejoinder that, if
it were actually assessed a ninth tanker by the Commission, it
would instead reduce the volumes to be processed and delivered,
the foregoing computer simulation was alsoc operated on the
asgsumption of 8 ships.

Under the preceding scenario in paragraph 9 in which 8.717
ships were derived, an B8-ship fleet could only lift 34,345,136
cubic meters of LNG annually, which is only 91.78% of the
37,421,424 cubic meters which should be lifted annually under
the 2.4 Bcf/d vase. This reduction in deliveries to maintain an
8-ship fleet, of course, will have a definite escalating impact
upon the unit transportation cost to be charged by El Paso

If the alternate scenario in paragraph 9 were employed, the
B-ship fleet could 1ift 34,874,320 cubic meters, only 93.19% of
the proposed volume,
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J. Alcan~-Engineering and Geotechnical

The other applicants and Staff criticize Alcan's engineering
and geotechnical design for being so unsupported by meaningful
design preparation as to make 1t extremely difficult, if not
impossible, to determine the feasibility of its project proposal,
This criticism is painfully accurate, Alcan's seismic and geo-
technical designs lack the necessary preliminary studies to permit
a finding that Alcan's cost estimates are reasonable, 1/

An analysis of several specific areas of Alcan's showing must
be made, While there is no serious seismic risk along Alcan's
alignment from Prudhoe Bay to Delta Junction, that is not the case
from Delta Junction to the Alaska-Yukon border: the Denali fault
runs somewhat parallel to the Alcan alignment about 25 miles away.
It is apparent from Alcan's seismic evidence that it has not yet
factored such recognized selsmic risk into its preliminary design
and, at the time of the hearing, 1t was only in the process of
beginning the needed seismic studies (204/35,027-35,028, 35,040-
35,041), Moreover, whereas El Paso's seismic design included
design time and additional capital costs in its original proposal
to account for more specific seismic research and engineering,
Alcan's provides neither,

Alcan also did not precede its initial design and cost esti-
mates with even preliminary geotechnical research. Except for the
Prudhoe Bay-to-Delta Junction segment where Alyeska's soil data
{core samples) and revegetation plan, if studied, would offer
valuable assistance, Alcan had hardly attended to such important
geotechnical considerations as soil data, revegetation, permafrost
degradation, frost heave and slope stability. Even though no

1/ The Alcan project's total cost estimates cannot be fully
analyzed, Given AGTL's announced intention to change its
allocation methodology to a rolled-in basis, which
appeared for the first time in 1its Allocation Rebuttal
Brief filed December 15, 1976 {(p. 19), Alcan destroys by
its own admission its cost submission. Its argument that
the intended rolled-in costs represent a saving to U.S.
consumers, moreover, is more than sufficient vindication
of Staff and those parties which have argued throughout
that its Canadian sponsors' allocation methods would be
unfair and more costly to U,S, consumers. See also
Allocation section, infra.
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doubt has been raised that it is possible to comstruct and operate
a geotechnically sound pipeline along or near Alcan's proposed
alignment, there is serious question whether it could be done under
Alcan's construction schedule and cost estimates as filed,

A significant aspect of Alcan’s proposal, which diverges
greatly from the other applicants' proposals, is extensive summer
construction in permafrost regions. 1/ Alcan has proposed to -
construct the pipeline in Alaska from mid-April to October (river
crossing construction would have scheduling flexibility for
environmental purposes) because of the lower productivity inherent
in winter construction. Alcan views permafrost degradation from
summer construction as minimal: it discusses trench-melting as
slight (1 or 2 feet) because of the short period (2 to 3 weeks)
between ditching and backfilling and states that construction in
difficult permafrost areas {(hillside slopes) could be deferred to
the colder months when the ground is frozen.

It is clear, however, from Staff's geotechnlc evaluation of
Alcan (5T-51, pp. 177~185) that summer construction in Alaska can~
not be dccomplished without unacceptable environmental impact,
Degradation of ice-rich permafrost results from summer construc-
tion. Depending on the specific topography at any given location,
one or more of the following effects of degradation could occur:
thermokarst (differential thaw settlement or ground caving caused
by ground ice melting); mass wasting, including 