Tt

22284

BEAG

LIQUEFIED NATURAL GAS: SAFETY ISSUES,

PUBLIC CONCERNS, AND DECISION MAKING

Andrew J. Van Horn and Richard Wilson

ENERGY AND ENVIRONMENTAL POLICY CENTER Fcok o
JEFFERSON PHYSICAL LABORATORY 12

HARVARD UNIVERSITY

NOVEMBER 1976

INFORMAL REPORT ?_! ism\

BIOMEDICAL AND ENVIRONMENTAL ASSESSMENT DIVISION
NATIONAL CENTER FOR ANALYSIS OF ENERGY SYSTEMS
BROOKHAVEN NATIONAL LABORATORY
ASSOCIATED UNIVERSITIES, INC.
ITPTON, NEW YORK 11973

under contract nc. EY-76-C-02-0016 with the

UNITED STATES ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION

CUMENT 1S UNLIMITED




DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.



DISCLAIMER

Portions of this document may be illegible in
electronic image products. Images are produced
from the best available original document.



L
)

' BNL 22284
INFORMAL REPORT

LIQUEFIED NATURAL GAS: SAFETY ISSUES,

PUBLIC CONCERNS, AND DECISION MAKING

Andrew J. Van Horn and Richard Wilson

.Energy and Environmental Policy Center
Jefferson Physical Laboratory
Harvard University

November 1976

Prepared under Contract No. 33-542-9018-2 for Brookhaven
National Laboratory, Upton, New York as part of the
Biomedical and Environmental Assessment Division Program
sponsored by the Division of Biomedical and Environmental
Research, U.S. Energy Research and Development Administra-
tion under Contract No. EY-76-C-02-0016.

BIOMEDICAL AND ENVIRONMENTAL ASSESSMENT DIVISION
NATIONAL CENTER FOR ANALYSIS OF ENERGY SYSTEMS

BROOKHAVEN NATIONAL LABORATORY
UPTON, NEW YNRK 11973

- NOTICE
This report was prepared as an account of work
sponsored by the United States Government. Neither
) ('{ne United States nor the United States Energy | |
. and Devel Admini! i nor any of
their employees, nor any of their contractors,

warranty, exp Ny '!'wlied D e ey dny !
. Tess or | , )
' liabilil! or ibilif ,n;gr the oo am,","" ple e
or _ of any i i product or
\ 1':1?::; :ﬁc:s:d, or ;pr;hsenu that its use would not
ely owned rights. i 3
| CISTRIBUTION OF TH

1S DOCUMENT IS UNLlMlQTED



NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Energy Research and Development Administration, nor any of their
employees, nor any of their contractors, subcontractors, or their em-
ployees, makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness or usefulness
of any information, apparatus, product or process disclosed, or repre-
sents that its use would not infringe privately owned rights.

Printed in the United States of America
Available from
" National Technical Information Service
U.S. Department of Commerce
5285 Port Royal Road
Springfield, VA 22161
Printed Copy $6.00 Microfiche $3.00



Acknowledgments

This work forms a portion of an assessment of risk/benefit decision
making by the authoré which is being carried out as parﬁ of the Biomeédical
and Environmental Assessment Division p%ogram under Dr. Leonard Hamilton
of the Brookhaven National Laboratory.

We wish to thank Elizabeth Clark, Mabel Liang and Diane Rolinski for
their efforts in the preba?ation éf this paper. We further wish to thank
those who. have commented on a draft‘versiqn of this work, particularly Dr.

Elizabeth Drake for many detailed and helpful comments.



-ii~

Table of Coﬁténts

Section . _Page
AcknowledgmentsS . cvue ettt eeereronnoeeesoosnoncesansnnons e Ceceateaeeann i
.Tablerof-Contents....L.- ................ ; .................. [ ii
Lisé of Figures..‘..........7 ..... i ceeeeeeaeean e eeeteaeeas iv
List of Tables........... e e I v
I. Introduction................; ........................................ 1
ITI. Recommendations........ E eeee e .3
III. SUMMATY v v v vvvnnnnnse o e h e ae sttt ,.;}.... ......... ;.7

Background........... S REERE e '........,...7
Safety Issues....... et et ee e R R 7
Risk ESEIMAEAON. « + v v e e ennne e e e e e e i e 8
Public Concerns and Siﬁing Disputes....... e e 12
LNG Decision Making...eeuiiiiniiieeeeieeieeieoneneesoneesnssannnsnnas 14
IV, Backgrounmd......eeeuin ittt ittt 17
The Logistics of Liquefied Natural Gas........cieiiennvresnnnnanennns 17
LNG ACCIARMES e ettt etensaesaeneneeesossesanneneeneensaeeneensnannsannas 22
Environmental Impacts of LNG OperationsS......ceueeeeneneneeronnnnansnss 24
V. Safety ISSUE SUMMATY.. ettt tnnereronnencnennnsoonsss f.;.....; ..... 28
Properties of LNG........ S et e st ies e et e ettt 28
Research on LNG Safety. ..t iinieieiienennennesocstosocesanansnnnas 32
Recommendations....... ERRERRY te s et esnsanossesesonsossaannssnasennennans 48
VI. LNG Facilities Siting DisSpuleS.....veversiivnnaeesosenacseanns l ...... 50
The Cumberland, R.I. LNG TanK.....oiiieinreennroenueenoeenonaosannnnas 50
Actions of Opponents and ProponentS............ DR 50
The Zoning Board Hearings..........ccene et eeens e e eee e 52
The Zoning Board DeciSion....i.iuiiieteeiiiieneerononeeecnsaneannsnns 55

Post Hearing ACLIONS. eut vt nionrennnsnrecaananaseaneensas e L...58



-iii-

Sec;ion . X Page
Providence, R.I. LNG Import and Storage Terminal.......ceeuveennennnnn 59
The F.P.C. Hearings...... e e et ettt 62
Post Hearing Actions...... EEREERE ............; ..................... ..64
VII. Public Concern for LNG Facilities Siting..ivevrenerennnnnnnn Ceeeean ;§66
‘Origins'of Public Concern..;..;.............; ........ e esstsecaseens 66
Teéhnical Credib i li Y e e oe e e tesneeeeeeeneseenenenneeoneneoasaenenanns 67
A Matter of Trust..seueneiaan.... [P L.; ............... Cesenaan. 74
Equity Issues..... ;,.ﬂ ..... L. e e, ;.;..........;80
Public Perceptions of Risk...:........ ST s eeraeseaa e 81,
RecommendationS.....veveue. .. R 84
'VIII.LNG Decision Making.........ciiiiiiiiiiieinnnnnn.. - ¥ 4
The Scope of the Problém .................... RS 88
Evaluation Criteria....ueeeeueeeteneecaeeeeennnaneeneenanannonnnenenns 93
The Cumberland éase Revisited. . ot iii et innineeenneonesunnneansonnneas 96
Multi-Attributed Preferences for Cumberland........eevieienennnennenns 100
California Natural Gas OpLiOnS. .u.eveeeeearneennnnnnnnessonennneaeens 108
IX. References........i.cieeeiriuannnnnn B 115




-iv—-

List of Figures

. Page
LNG Operations...............,.....;.w.,..........; ...... I
Radiated Heat from an LNG.Pool Fire............ e ieeeraanas eeeean ... bl

Hypothetical Single-Attribute Preference . -
Functions for Safety...viiiiiniii it ennnonnnanns et ecasesenesaans « 102

‘Hypothetical Single-Attribute Preference :
Functions for Reliability of Gas Supply............ e erevhecesesnares 103

‘Hypothetical Single-Attribute Preference
Functions for Incremental CoOStS....eueeeneeeneseneonarennaens e 104

Alternative Pipeline Routes for Supplying’ )
Natural Gas to California and the Midwest......... e eee et et e 111

Possible Decision Sequences for California -
LNG OptionS..vceeueeen e tesers e et e et es et e [ 113




-

List of Tables

Title

10.

.LNG Import/Receiving Terminals in the U. S..,..;...J...

-System Description and Economic Costs and

" Benefits of the LNG Receiving and Vaporization
Plant at Oxnard, California........... c.ceesiiionn..

Major Environmental Impacts of LNG Facilities.........
Physical Properties and Conséituencs of LNG...... i .....
Physical Properties of LNG vs. Gasoline.......... e

‘S.A.I. Fatallty Estlmates for L.AL ‘Harbor LNG
Termlnal....‘ ............ s s e e e ‘

Examples of LNC Risk Estimates...... e . P

Agencies and Their Jurisdictions: Oxnard LNG

Terminal, Shipping and Pipeline...... e eeeaeae

Standards Applicable to the Construction and
Operation of the Proposed LNG Plant and Marine

Terminal at Oxnard, Califormia............cociivueaann.

West Coast Natural Gas Supply Proposals............. .

e, 30




-1-
I. Introdﬁction

Natural gas is an impor;ant, widely used fossil fuel which is con-
venient and relatively non-polluting. Because U.S. domestic supplies have
.been declining since 1972, suppliers haQe éought to import additional gas
in the forﬁ of liquefied natural_gas (LNG), which is 1/600 the volume of
natural gas and is therefore counvenient for transportation and storage. If
present plans and proposals pendiﬁg approval aré implemented, there will be
a rép;d inére;ée in the use of liduéfied‘natural gas in the United States.
The facilities required include liqugfattion plaﬁté, largé oceap*going tankers,
import-receiving terminals, storage depots, and gas transmiésion pipélines.
These ha&e high capital éosts.and like oﬁher}industrial operations have
assoqiated socio~economic and environmental iﬁpacts.

LNG is stored at -260°F and is a flammable fuel, which when spilled
spreads and evaporates. If not quickly ignited, the flammable vapors genera-
ted tend to spread laterally, since they are heavier than air when cold.

Thus they can move downwind as a vapor cloud. For é large spill of LNG on
water (such as the contents of a ship's tank),‘an LNG vapor cloud may drift
several miles from the site of a spill under stable atmospheric conditions,
if it encounters no ignition sources en route. Hence an LNG vapor cloud is
potentially more dangerous than natural gas at normal tempe}atures which will
rise and disperse much more readily in air. In a tanker accident an LNG
spill on water will not be contained. The liquid will quickly spread on the
water surface until it evaporates within a few minutes, depending on the vol-
ume of the spill. In an accident on land a dike around the storage tank can
contain the liquid, and the evaporation rate is limited by the surface area
covered ty the liquid. The vapor cloud may disperse harmlessly, or if ig-

nited, a significant and serious fire may result.
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Since LNG facilities are often.éi;ed in or near densely populated areas,
the results of a very large spill could be catastrophic. Accidents involving -
LNG facilities have occurred, mgst notably in Cleveland in 1944 when 128
: péople were killed by the conflagration-after an LNG tank collapsed. The
" liquid flowed into the surrounding neighborhood aﬁd ignited. Since that
time cqnsideréble improvements have been made in.LNG techﬁology (including
the addition of dikes around storage tanks).

Se?eral studies have tried to estimate the small likelihood of large
LﬁG acéidents, and a number of tests have been performéd to understand the
behavior of LNG when it is spilled. (Despite this attention to engineering
safety.détails, the threat of sabotage may well represent the largest
risks to the pubiic from LNG facilities.) The intent of this report is
to presené a description of the risks and impacts presented by LNG operations
in the near future, summarize the safety issues, examine the origins of
public concern in two LNG facilities siting disputes, and to suggest some
of the important criteria which need to be evaluated for responsible—de—
cision making. On balance the overall risks of LNG supply systems are
probably less than those of some energy systems now in use. Nevertheless,

continued attention to the potential risks is needed to ensure that this

remains true.
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II. Recommendations

Because LNG has the potential, for large accidents, it is imperative that
current risk estimates be vefified independently and~th§t disagreements among
model calculations be understood. Recoﬁmendations on the siting of LNG facili-
ties are now being ﬁade by the Federal Power Commission and other regulatory
bodies, and»a significant decision on natural gas transportation systems from'
Alaska will be made by the Presidént by September 1977. Siﬁce the basis for
past Qecisions has not been ;dequétely presented, future decisions should be -
made openly with the best information and methods. LNG can prove to be a
desirable fuel séurce, but its Qse will require responsible siting policies
as well as‘continued attention to séfeﬁy. Better information and improved
methods of presenting this information'to decision makers is required.

The principal recommendations resulting from our studies of LNG risks
and of the public participation in facilities' siting disputes may be summar-
ized as follows:

® The number of agencies concerned with LNG terminal siting is large. Be-
cause of overlapping jurisdictions, the lack of national guidelines fof siting,
and the unresolved safety‘issues the process of approval has been -lengthy.

For each LNG iﬁport terminal at least eleven federal agencies and twice as

many state and local bodies are involved in the approval process. Tﬂese juris-
dictions and the regulatory responsibilities should be clarified and a clear
national policy on LNG importation established.

e National LNG terminal siting guidelines should be established, not to
preempt any of the regulatory agencies, but to provide them with the infor-
mation they need. These guidelines should distinguish whether they are in-
tended to protect against fatalities, injury, or inconvenience in the event of
""design basis'" accidents. The guideliﬁes should be developed in a manner such

that they can be implemented by state or local agencies, who should retain
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the right of ultimatg sife appfoval in ofder to ensure that specific local
conditions are taken into account.

® Qur case studies have indicacéd that the public has encountered diffi-
culties in obtgining reliable information about proposed facilities and that
public groubs, including state and local governments, bften lack the finan-
cial resources and organization to obtain knowledgeable anﬁ impartial techni-
cal advice. TFederal guidelineé would help provide iﬁformétion but these dif-
ficulties will, nevertheless, persist under the current regulatory framework.

e The early pregentation of feasible alternative sites ana open public'
'diséussion of the costs, risks, and benefits of these élternatives prior to
the gas company's selection of a "best'" site would both increase the decision
options and lead to greéter public confidence iﬁ'the selection process. Thé
extré costs incurred in publiély presenting feasible alternatives would prob-
ably have already been repaid Py speedier approval and by enhanced public ac-
ceptance of this technology.

® Roughly 10 or fewer major LNG import/receiving terminals will be required
to import the volumes expected by 1985 (2 trillion cubic feet of natural gas
per year). Because these are basically regional facilities an effort should
be made to publicly select an inveniory of suitable alternative sites within
each coastal region. The risks, costs, and benefits of the best of these
alternative sites should then be publicly presented, so that all relevant
concerns, including safety and land use planning, may then be taken into ac-
count.

® The unresolved safety issues have been widely discussed, and it is doubt-
ful that more safety hearings can resolve thém. An accelerated research pro-
gram is needed to ascertain the raﬁge of sensitivity of risk estimates to:

1. differences in vapor cloud dispersion models and choicesAof atmo-

spheric stability conditions;
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2. differences in selection of ”péak to average' methane/air concen-
trafion ratios ﬁo define the "safe" lower flammable limit within a
vapor cloud; ‘

3. differences‘in ignition source distribution and in assumptions of
their effectiveness in igniting é vabor cloud at differeﬁt lqcatibns;

4. differences in populatioﬁ density éurrounding tanker routes and
terminal sitgs;

5. variations in thsical’phénomena such as the gravity spreading of
LNG, Boiling ratés,land spill.rates;

‘# Burning ‘tests and vapor4dispersion tests on large spills (up co»25,000m3)
shoula be‘used to resolve discrepancies in existing models and to inyéstigate
vapor cloud dispersion, flame shapgs, and thermal radiation characteristics
under different site and weather conditions. Many tests have élready been
performed on smaller spills.

e The structural integrity of LNG tankers under spill-conditions generated
by an accident or sabotaée, and the resulting spill characteristics.should be
better determined.

® Experimental verification is needed for physical theories of superheat-
limited explosions which may result from LNG spills injected into or onto
wéter. The effects of LNG composition and mode of LNG spill in accident con- .
ditions on possible explosions need to be understood. LNG-water interactions
are just one area where liquid—;iquid superheat explosions are being investi-
gated and coordination of these studies with other fields is worthwhile.

® A thorough comparison of risk estimates should be made and published.

® Transforming LNG into a -semi-solid gel for use in shipping and storage
might significantly reduce spill and vaporization rates. Additional résearch
on the properties of such a gel and the engineering economics of semi-solid

transportation should be pursued.
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® The possibility of sabotage must be.introduced into any risk assessmeﬂt
and considered in siting of.facilities. So far, this has been largely omitted. "

® Detailed contingency plans, t;éining,'testing, and ‘review procedures, and
criteria for decisions under accident conditions need to'be’developed andA
scrutinized.

® Research results should be publi;hed in the.scientific,literature and
disseminated widely to the public before they are used to.justify éafety de-
cisions. Clear discussions of the techﬁical issues are needed.-

e The risks of iNG facilities fall primarily on those nearest the facili- °
ties, yet the benefits are received by society as a whole. No one wénts'to
live near a power plant, yet everyone wants to use the power. Siting LNG
terminals in less densely populated areas would ensure that the uncertain
risks are reduced and in addition wou;d result in the costs being bormne by
those who use the gas. The proportional increase in already expensive LNG

\
costs due to remote siting may be worth the enhanced public safety and may
also be desirable because of its more equitable internalization of costs to
those who benefit.

® Finally, and perhapé most importantly, procedures acceptable to the pub-
lic'for evaluating risks and benefits must be found. These shouid include

local comparisons as well as societal comparisons with other energy and

industrial facilities.



ITI. Summary

Background . : .

The use-of liquefied natural gas (LNG) is expected-to increase rapidly
in the next five years. At the.moment it is primarily u;ed as a means of
storage and about 100 sté;age facilities exist in the U.S. 'Increasingly LNG
will be used for transportation of imported natural gas. A number of large
receiving facilities are planned ér under construction on both the east and
west coaéts. LNG will be transpotrted from foreign.countries'or from AlaskaA‘
in large, specially built tarnkers up to 165,000m3 in capacigy to these terminals;
Qhere it is store&, vaporized, and supplied tdvgas transmission pipelines;

It may also be stbred in smaller sites as back-up gas supply for use during
peak periods or whenlpipeline gés is curtailgd. |
&

LNG is stored at -260°F and is approximately 1/600 the volume.of the
original mnatural gas. It is volatile and if spilled it will quickly evaporate.
An LNG vapor cloud is denser than air and can move downwind and stay flammable
until it ignites or disperses harmlessly. In 1944 in Cleveland 4250 cubic
mecters of LNG were spilled, allowed to spread, and ignited, killing 128 per-
sons and causing extensive proberty damage. Other more recent smaller acci-
dents, particularly an empty LNG tank fire on Staten Island in 1973 in which
40 workmen perished, have aroused public concern for LNG safety. This con—'
cern 1is important siﬁce most large LNG facilities have been sited within or

i

near densely populated areas, where the demand for gas exists.

Safety Issues

If LNG is spilled on land it will spread until contained by a dike. On
water there is no containment. As the cold liquid evaporates it will lie
close to the ground. As it is heated it will rise a few feet to form a neu-

trally buoyant vapor cloud thermally isolated from the ground, which can ex-
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tend for several miles depending on the §ize of the spill'and the atmospher-
ic conditions. The cloud will be flammable when mixed with air in gas con-—
centrations between 5 and 15%. Al;hOugh'the likelihood éf major accidental
‘spills is estimated to be small, the results of ignition could be catastrophic
" should an LNG vapor cloud drift into a populated area. Estimates of the po-
teﬁtial fatalities from a‘large, accidental LNG spill near presently designed
import terminals raﬁge from about -40 to 2000 1lives with a‘likelihood of oc-
aurrence of suéh an accident estimated at less than one in a ﬁillion per yeaf.
-fhese estimates have been made by the federal Power Commission and by Science
Applications, Inc., among others, and depend on many assumpgions<because of
ghe limited operating experience of these large-faciiities. Such estimates
Aépend on the Qharacteristics of the 'site and the population density around
the site. Their uncertainty, coupled with the known éroperties of LNG, has
led to concern about LNG safety.

Accidents may be caused by ship collisions on water, tank failure, per-
haps due to earthquake or aircraft impact, worker carelessness, sabotage, or
from other initiating events. For proposed plants at Pt. Conception, Oxnard,
and Los Angeles Harbor, processing the equivalent of one billion cubic feet
of natural gas per day (1l bcfd) the fatality estimates of the F.P.C., ex-
cluding sabotage, are roughly 0.005, 0.1 and 0.5 deaths per year, indicating
the variability of risk estimates associated with these different terminal
sites. Such risk estimates may be compared with those of alternative energy
technologies with equivalenﬁ energy throughputs, although the uncertainties
make this comparison difficult. For example, the energy output of 1 bcfd from
an LNG vaporization plant is equivalent to about nineteen 1000MW electric

power stations operating at 65% capacity factor.

Risk Estimation

Quantification of risk estimates involves first the identification and
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then the estimation of tﬁe probébility of a sequence of events which must
be calculated from exi;ting data or from-models. Since our experience with
actual LNG systems is limited, most of the estimates depend on models. vThe
calculation starts with an estimate of the likelihoo&Aof an event leadiﬁg to
a spill from the tanker, the LNG tfansfer system, the storaée tank, or the
vaporizing systeﬁ; Then model caclulatidns are ma&e of the spread and evap-
oration of the liquid, the atmospheric drift and dispersion of the vapor cloud,
the ignitipn probability, radiated heat intensity, and the potential fatali-
ties and damage resultiﬁg fromv;his sequence of events. Thé.final.risk esfi-
mate thus comes from a multiplication of tbe gccidgnt probabilities and'of
the ;cciéent consequences. These must be reliably assessed and scrutinized.
However, the effects of sabotage on risk estimates, a‘potentiallQ.important
factor, have not been quantified in any of the e;istihg studies. Indeed, it
will be difficult to do so. Since an act of sabotage can be generated delib-
erately in tﬁe most unfavorable meteorological conditions, it shoﬁld be con-
sidered in future siting decisions.
There are disagreements in the assumptions and results of present LNG
risk assessments. Several areas need clarification and further research:
1. Calculations of the downwind distance a flammable vapor cloud may
travel if not ignited. Estimates by responsible people vary from
300,000 feet to 37,000 feet under stable atmospheric conditions for
a 25,000m3 spill on water. These differences largely result from
variations in the assumed "safe" methane/air concentrations within
the vapor cloud. Pockets of flammable mixtures may persist in parts
of the cloud where the average concéntration.has fallen below the
luower flammable limit of 5%. The choice of a statistically safe
concentration depends on the probability level taken for any remain-
ing flammable pockets.

2. . Calculations of the likelihood of an LNG detonation.. It is generally
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agreed that in small quantities LNG vapor is unlikely to explode

in the open. It has not been demonstrated that large methane vapor

clouds can proragate a detonation, even if initiated by an explosive

- charge. Tests at China Lake, -California have been conducted in

20m diameter hemispherical balloons in so far unsuccessful attempts

to- detonate gas and air premixed at-stoichiometric concentrations.

‘It is thought that the finite thickness of a methane-air cloud may

limit the scalé,of any eﬁplosion. In addition, a détoﬁation wave
may be quencﬁed by turbulent inhomogeﬁgities in an unconfined cloud.
Further research is warraﬁ;ea and would be appiicablglto other
hydrocarbon gases such as propane, butane, and gasoline.

Rapid, homogeneous nucleétioﬁ pf a film of LNG in contact wi;h
water may lead to LNG vappr explosions. It should be determined
whether under some conditions occurring during a large spill from
an LNG tanker, LNG-water vapor explosions might be large enough to
escalate the size of the accident. (These conditions are discussed
in more detail in the text.)

Thermal radiation estimates from large LNG fires. These estimates
have been experimentally tested for confined LNG pool fires less
than 80 feet in diameter, and theory and experiment are in quite
good agreement over the range of the present data. Apart from the
smaller uncertainties of extrapolation to larger spills, there is
subjective disagreement over the numerical value of the radiated
heat flux to be considered "safe" at a given distance from an LNG

pool fire. 1500 Btu/hr~ft2, which will cause extreme pain after 20

"seconds to exposed skin and blistering after about one minute, is

oftern selected as a "safe'" heat intensity, since anyone exposed to

this heat flux or less is assumed to be able to retreat safely.
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Still others argue that 500 th;/hr-ft2 would be more reasonable,
since it is near the threshold at which no unbearable warmth will
be felt for ani length.oé exposure and would not require retreat.
This is a subjective value judgment which should be considered in
determining safe separation distances for LNG facilities.

- 5. In order for ﬁhe LNG vapor cloud to céuse severe damage it must be
ignited; Usually a density of probable ignitioﬁ sources is assumed

--and a fixéd likelihood for éach source of igniting the vapor cloud

at that_distance is used to estimate the risk. The actual density
and §ffectiveness of pqten;ial ignition sources need to bé more
accurately assessed.

6. Since the scale of planned.facilities %s greater than existing -
plants, it is not evident that failure rates of equipment and
operational réliability will be as high as claimed, especiélly
during the first years. Attention should be given to updating risk
assessments and to understanding how the risk will change over the
life of the facility.

7. Semi-solidification of LNG. If LNG could be made economically into
a semi-solid gel for use in LNG tankers, the spill and vaporization
rates in the event of an accident might be significantly reduced.
Research into the fundamental properties of an LNG gel which is
a semi-solid containing small amounts of methyl alcohol or water at
—2606F is being carried out at the LNG research center at MIT.
Studies of the engineering and economic feasibility of using such
gels in transportation or storage should now be investigated.

Because of the potentially large accidents associated with LNG facilities

and the unresolved safety issues, siting in less densely populated areas

should be considered. Urban siting near densely populated areas seems less
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desirable when alternative sites are available. Since large LNG import
facilities are serving regional energy markets it should be possible to

obtain sites outside of highly urbanized areas.

Public Concerns. and Siting Disputes

We have discussed public concerns with a number of inte;vénors; regula-
tory officials, and attended public hearings. Public concern about general
situations involving risk arises from three sources:

1. kno&n measured risks which have occured in the past and might occur

in the future; |

2. potential risks of a catastrophic nature;

3. - risks‘'which conflict with"strongly‘held values suéh as'aegthepic,

ecologicél, or life-style beliefs.
Any of thesehcan serve to arouse and sustain public attention. Once this
concern has been stimulated, a number of judgmental factors will determine
the response and public attention may become focused on details which other-
wise might seem to be trivial in comparison to other issues.

The protracted nature of disputes on siting of energy facilities is very
much related to the manner in which approval for these facilitiesAwas sought.
Public confidence is greatly diminished by the difficulty in obtaining reli-
able information and by the seeming reluctance to let the public participate
in decision making. Once they have perceived a possible change in the quality
of their lives due to potential LNG risks, some of the intervenor's protests
were against a decision process which didn't appear fair or secemed to violate
their right to determine their presﬁmed "best interests'. When experts
couldn't give definitive answers there seemed no good reason for them to ap-
prove of proposed LNG projects which apparently had substantial risks to them
without corresponding benefits.

We have examined in detail the LNG facilities siting disputes in
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Cumberland, Rhode island and in Providenée, Rhode Island. . [n Cumberland, Val-
ley Gas Co. éought permission to build a 300,000 barrel (47,700&35 LNG tank
on its siﬁe in January 1973. The éoncerned Citizens of,Cumberland were
worried about the hazard to the locgl grammar school located 1022 feet frbm
the proboéed ;aﬁk. Some homes are even closer. Zoning board hearings were
held August 6 and 7, 1973 after a public relations campaign was condQcted by
Valley Gas. Witnesses for the intervenors cited difficulﬁy in obtaining in;
formation not yet published and questioned the safety judgmenﬁs of the.con-
sultants to Vélley Gas‘Company; who judged thé facility £o be safe.v Details
of the hearings demon§tfated the.natﬁre qf public concerns about LNG. The

4-1 zoning board approval was appealed té thé Public UtilitieS'Commission
which held a further hearing to judge whether the facility was needed, whether -
it was appropriately located, and whether it would be safe. As of November
1976 no decision has been rendered.

In 1973 Algonquin LNG Inc. asked for permission to build two additional
600,000 barrel (95,400m3) LNG tanks at Field's Point, an inéustrial complex
1.5 miles from downtown Providence surrounded by Washington Park, a densely
populated area. The nearest home is 1800 feet from the proposed tanks. The
‘City Council and the fire department became apprehensive about LNG risks and
commissioned a study of the entire LNG import-receiving-storage terminal at
Field's Point. The Federal Power Commission also performed an environmental
impact review which did not consider alternative sites or make. any cost-bene-
fit analyses of the proposal. The risk estimates were only ranked qualita-
.tively and the quantification of the risk was minimal. In 1975 F.P.C. hear-
ings were held at which it became evident that the original approval had been
glven by thé city before the F.P.C. environmental review without recognizing
the potential risks. More stringent engineering features were recommended,

and in April 1976 a new Building Board of Review voted 4-0 to let the project
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proceed. The City Council then voted to'block the permit. The issue is
still not resolved aﬁd neither the Public Utilities Commission nor the
Federal Power Commission has yét rbled'on the case.

These siting disputes may be repeated elsewhere as LNG operations ex-
pand. Although alternative sites were considered by the applicants in the
early stages of.thesé'projecté they were not then revealed to 'the public. 4In
the Providence case no alternatives were revealed until after the draft en-
yironmenﬁal‘impact statement. These were preseﬁted publicélly only inlwritten
tes;imony at a hearing iﬁ Nashingtoh, D.C. Thé initial presentation of iﬁféf-
matioq regérding these facilities was not carried out in a manner which en-

hanced public confidence in either the technical judgments or the decision

process.

LNG Decision Making

Because of the significant expansion antic;péted for LNG operations on
both the east and west coasts, decision makers neéd to utilize more detailed .
information and make use of better methods for assessing the trade~offs among
the risks, costs, and benefits of the alternative options. ‘Uncertainties in
our present knowledge of LNG accident risks, in the future cost and avail-
ability of alternative fuels, in the costs of switching to other fuels, in
the effects of gas curtailments on employment and productivity, in the en-
vironmental impacts and costs of LNG facilities, in the risks of unavail-
ability of foreign LNG supplies, and in the public acceptability of LNG should
be reflected in forthcoming decisions. Since the time scale of these projects
is twenty to thirty years and the present costs of LNG are high, these uncer-
tainties may be important for determining the scale of our commitment to LNG.
Also, the health and low pollution benefits of natural gas in comparison to
alternatives may well outweigh the high economic cost of LNG. In view of

these uncertainties, some decisions for future expansion could possibly wait
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until some of them are rgsolved.

In this section factors. affecting the need for LNG are discussed and
eQaluation criteria for siting.LNG.facilities are_presented. It is evident
from our study that state and local agéncies often lack the.techniéal exper-
tise and finances to determine appropriate criteria for LNG‘fgcilities.l The
development of federal siting guidelines aﬁd of alternative fegional sites
fqr import terminals would assist this process.

A simplified analytical_methodology.is suggested for resolving LNG sit-
ing disputes liké that of Cumberland, Rhode Island;_ The proposed methédology
would use multi-attribute preférencg'théory to examine the trade-offs between
the reliability of the gas supply, the'safety of the facility, and the over-
all cost. Simplified, ﬁypothetical.preferences are suggested to indicate the
possible applicability of the methodology. Applying these techniques might
be instructive insofar as it forces the concerned parties to focus on their
most important concerns and includes public breferences in the decision pro-
cess.

Finally, we discuss in this paper the natural‘gas supply options con-
fronting California and natiopal planners. The scale of California's commit-
ment to LNG will clearly depend on the Alaska-Canada-Midwest gas pipeline
decision to be made'by the»President before September 1, 1977, based on a
recommendation by the F.P.C. Significant variables include the'fofecast cost
of 0il and alternative gas supplies, pipeline transmission costs, and the
safety and reliability reéord of east coast LNG import terminals now begin-
ning to come on‘stream. A possible decision sequence for California LNG op-
tions is suggested. Because of the magnitude and implications of these de-
cisions, it is recommended that a detailed study incorporating the techniques
of décision analysis be carried out. At the.very least a better framework

for quantitatively evaluating and presenting to decision-makers the costs,
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risks, and benefits of the possibie options is required.
The environmental impacts, costs, risks, and the benefits of LNG must

be considered together. Natural gés'is clean and relativély non-polluting.

Through improved.decision—making, LNG may prove to be an acceptable source

of this premium fuel.
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IV. Background

The Logistics of Liquefied Natural, Gas

Because domestic supplies of natural gas are diminshing, LNG, which is
approximately 1/600>the volume of the o?iginal gas, provides an at£ractive
means for transportation and storage of this fuel; There are two main func-=-
tiéns for LNG: first, to supply natural gas for base~load use in places where
theré would otherwise be a shortaée; second, to meet peak demands and provide
security gf supply. Because it is stored ét temperatures of —26b°F (-162°C),
it requires careful handling pé;ng cr&ogenic technology. When spiiled i;
véporizeg'rabidly, Since its vapdré are flammable ahd-possibly,explosive,
and since LNG facilities contain large amouﬁtg of stored energy, there are-
potential risks to society in return for the benefits of this increased gas
supply.

Since 1960 the liquefied natural gas industry has undergone rapid growth.
LNG use for peak-shaving accounted for the initial growth. of the industry,
but a number of base-load facilities are planned or under canstruction on the
west aind east coasts. There are now about 57 peak-shaving plants (49 in
operation), and 49 satellite storage facilities in the U.S. with storage
capacities of greater thanm 1.9 million cubic meters of LNG. Three base~-load
plants are planned for Alaska (one is operational ﬁow), and 13 import-receiv-
ing terﬁinals are proposed, with two‘operational, one mothballed, three under
cbnstruction, and seven in the planning and approval stages [1].

Liquefied natural gas has become a significant item of international
commerce. it is transported 'in specially gonstructed tankers ranging in
cargo capacity up to 160.000m3 of TNG, Large terminals fur base-load storage
of imported LNG héve been built on the East Coast and similar facilities are
planned for the West and Gulf Coasts (See Table 1). Major shipping routes

exist -between Algefia and the U.S. East Coast, Alaska and Japan, Borneo and
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Table 1

LNG IMPORT/RECEIVING TERMINALS IN THE U.S.t*

Company
and Plant Site

DISTRIGAS CORP,
Everett, .MA

PUBLIC SERVICE ELEC &
GAS OF NEW JERSEY
Staten Is., NY

.COLUMBIA LNG CORP &
" CONSOLIDATED SYSTEM
LNG CO, Cove Pt., MD

ALGONQUIN LNG INC.
(EASCOGAS LNG, INC.)
Providence, RI

NATURAL GAS PIPELINE
CO. OF AMERICA
(Peoples. Gas)
Ingleside, TX

TRUNKLINE LNG CO.
Lake Charles, LA

NORTHWEST NATURAL
GAS CO., Newport, OR

WESTERN LNG CO.
Terminal Is., Los
Angeles Harbor, Ca

SOUTHERN ENE%GY CO.
Elba Island, GA

TRANSCO TERMINAL CO.
Racoon Is., NJ

WESTERN LNG CO.
Oxnard, CA

WESTERN LNG CO.
Pt. Conception, CA

PHILLIPS-MARATHON*
Kenai, AK

EL PASO ALASKA
Pt. Gravina, AK

PACIFIC ALASKA LNG*
CO., Cook Inlet, AK

Storage Capacity

MMcE

13250

6000

5000

6000

5500

6000

1200

7700

4000

6000

3850

7700

2300

6000

3000

" MBbl

974

(lx374+lx60Q)

18600
(2 x 900)

- 1500
(4 x 375)

1800
(3 x 600)

1500
(2 x 800)

1800
(3 x600)

348

2200
(4 x 550)

1200
(3 x 400)

1800
(3 x 600)

1100
(2 x.550)

2200
{4 x 550)

675
(3x225)

2200
(4 x 550)

1100
(2 x 550)

Liguefaction-
Vaporization " Year of
Capacity (MMcf/day) Operation
135 1971
360 1973-1975
1000 1976-Base
200 Load Plant
300 1973-1st
375 tank 2 add'l
pending
400 1977-planned
- 1977-planned
100 1976~under
construction
400 48 mos. after
(5000) approval
540 1976-under
construction
-—- 1977-planned’
520 h 48 mos. after
(2300) approval
3300 48 mos. after
approval
90 .1969
3375 1980-planned
400 1978-planned

*includes three liquefaction plants and storage for export in Alaska.
tPipeline and Gas Journal, Annual LNG Issue, June 1976, p. 21.
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Japan, Algeria and England and France, Libya and Spain and Italy. Proposed
tradé routes are from the Persian Gulf to India and Japan, Nigeria to the
U.S., Europe and Brézil, Alaska tbAthe U.S. West Coast, :the Caribbean via
Venezuela to the U.S.,>Ecuador and Chile to the U.S. wésﬁ Coast, and New
Guinea to the U.S. West Coas£ and Japan. By 1980 LNG trade internationally
is expected to account for 6% of the worid's natural gas consumption and by
1990 the U.S., Japan, and Europe will be importing abgut éO billion cubiq
feet per day (20 bcfd=0.57x109m3/day) of natural gas in the form of LNG. By
1980 3.2 bcfd or 90.6x106m3/day may be imported from Algeria into east‘coést
ports. This would entail about one large tanker arrival each day. Proposals
to tramnsport 3.7 befd into Southefn.California (6.55 befd from Indonesia and
3.2 befd from Alaska) are presently under.consideration. The Energy Resources
Council has suggested an upper limit of 2 trillion cubic feet éer year for
U.S. imports of LNG, about -10%Z of the total expected gas demand by 1985. How-
ever, the LNG industfy would like to supply more than this amount and projects
to import over 3 trillion cubic feet per year are pending or in the plannigg
stagé (61].

Bringing LNG to market is highly cépital intensive and involves.a num-
ber of operations (Figure 1):

1. Explqration, exploitation, and collection of the natural gas;

2. Purification, liquefaction, étorage, loading, and shippiné;

3. Ocean transport in LNG tankers; |

4, Receiving at terminals near deep water ports, storage or transport

by barge or truck to other storage f;cilities; revaporization and
transmission via the gas pipeline system.

Operations in the f%rst two cateéories listed above usually take place overseas
(with the notable exception of Alaska) and are, therefore, less subject to

public concern in this country. The average price of an LNG tanker of
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Table 2. System Description and Economic Costs and Benefits of the LNG
Receiving and Vaporization Plant at Oxnard, CA. (Ref. 21)

I. System Descfiption
A. Natural Gas Output

1. Baseload - .55 billion cubic feet per ‘day (4 bcfd ultimate)
5 Seawater Vaporization Units (36 ultimate)

2. Peaking - .45 billion cubic feet per day (1 bcfd ultimate)
4 Peaking Vaporizers (10 ultimate)

3. Total peak output - 1.00 billion cubic feet per day (5 bcfd ultimate)

B. Storage Tank Capacity. - 2 @ 550,000 barrels of LNG = 3.85 billion
cubic feet of Natural Gas.

cC. Gas Transmission Pipeline
:l. Length - 12 2 mlles (53.3 ultlmate)
2. Diameter - 42 1nches

D. LNG Taﬁkers

1. Ship capacity - 130,000 cubic meters of liguefied natural gas =
2.84 billion cubic feet of natural gas.

2. Fleet size - 9 (21 ultimate)
3. Annual tanker arrivals - 75 (443 ultimate)
E. Land Requirements
1. Receiving terminal and plant - 38 acres (55 ultimate)
2. Pipeline - 37 acres (485 ultimate)
II. Costs
A. Initial Capital Outlay for Construction
1. Plant - $200 million
2. Pipeline - $14 million
3. Tankers - 9 @ $167 million = $1.5 billion
B. Operation
1. Operating staff salary (annual) - $545,000
2. Taxes (annual) - $7 million -
III. Benefits
A. Employment

1. Construction

a. Labor Force - 1260
b. Payroll - $50 million
2. Upération
a. Labor Force - 29 for'presentproposed operation (90 ultimate)
b. Payroll - 5545,000

B. Increase in Local Tax Revenues - $7 million/year

C. Disposable income over 20 year lifespan of facility > $8.3 million
($27 million if ultimate capacity of 4 bcfd is reached)
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125,000m3 capacity is over $100 million, and by 1985 the cumulative invest-
ment in LNG has been forecast as about $18 billion [2]. Table 2 gives ty-
pical economic costs and benefits for the proposed import facility at Oxnard,

California.

LNG Accidents

Because LNG is‘volatile, very cold, and its vapors are flammable and po-
tentially explosive, it presents risks to those who mﬁst handle it ;nd to the
general public as well. These risks have gained public attention largely
thrbugh four pringipal accidents. The largest LﬁG ac;ident occurred on
October 20, 1944 in Cleveland, Ohio, when one of four storage tanks failed
and rapidly released 4250 cubic meters of LNG. Beéause there was no dike or-
berm surrounding the tank to'containAthe spilled 'LNG (as is now required) it
flowed into the streets and sewers. The LNG was ignited and where confined
in pipes or buildings, it exploded. Flames burned half a mile high. Alto-
gether, 128 people died, 300 were injured, 80 houses and 10 industrial plants
were seriously damaged. Because of the destruction the exact cause of fhe
accident was never disco&ered, but it is generally agreed that inadequate di-
king, poor tank locaﬁion, and the wrong choice of metal for the tank were ma-
jor contributors. The most probable direct cause was the use of a 3% ﬁickel
steel alloy for the tank construction. The metai became brittle at low tem-
peratures and collapsed [3,4]. Today a 9% nickel steel alloy, which was de-
veloped for fusion welding, is used in order to provide the necessary fracture
toughness down to liquid nitrogen temperatures (-320°F). The LNG industry
believes that a Aisaster of the magnitude of the Cleveland accident could not
be repeated today because of improvements in technology and design. There is
no question that today's facilities are safer. But how safe?

Three more recent accidents involving LNG facilities were: (1) The ex-

plosion and fire in Texas Eastern's LNG storage tank on Staten Island in
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February 1973; the accident occurredduriﬂg repair of the aluminized mylar lining
which had developed leaks during two years of service. The tank had been
emptied of LNG for one year, and tﬁe fank liding was under intérnal-repair.
The supposedly non—flammab}e insulation.material caught fire, hot combustion
gasscs éverpressurized the tank and lifted the roof, and forty workers who
were trapped in the tank perished [5]. (2) The taﬂk exélosion at the North-
west Natural Gas Facilities in Oregon, during constru@tioﬁ of thg tank, bé—
fore LNG‘was introduced; wﬁich caused four deaths. jhis incident was~probabiy
due to qafeléss wérk practice and was noﬁ directly relatea to L&G {e]. (3)

In 1972 g conflagration took place in the control room of an LNG plant in
‘Montreal, Canada. The fire was initiated bylfhe entry of leaking natural gas
through an éir line. Since the control room is an importan£ part of the plant
safety system, the fire waé potentially more serious ﬁhan if it had occurred
in another building [7].

These accidents are a reminder of the risks of accidents associated with
LNG. The LNG industry feels '"that the Staten Island and Northwest incidents
should be discounted because LNG was not directly involved" [8]. Although
the Northwest accident was due to carelessness in constructioﬁ, the selection
of a flammable tank lining for thé Staten Island tank raised doubts about the
safety standards of the industry.

The accidents mentioned above, in addition to minor incidents, which are
not always reported, clearly indicate that safety should be a foremost con-
sideration for LNG facilities. Indeed, the LNG industry has long recognized
the need for conscientious implementation of the latest safety measures, and
in comparison to some other industries its safety record is good.

Experience in handling other cryogenic liquids has led to increased LNG
safety, and considerable research has been undertaken to determine the proper-=

ties of LNG. However, when it comes to buildiﬁg or operating any specific
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LNG facility, economics, politics, current practices and regulations, exis-
ting plants, worker cdmpetence, siting policies, and numerous other factors
all influence the actual risks and benefits. In the following sections of

this report we shall examine some of the issues surrounding the impacts of °

LNG facilities.

Environmental Impacts of LNG Operations

LNG facilities and their associated pipelines.can have substanfial en-
) vironmental impacts, particdlar;y related to their construction effects and
land use‘during the facili?y‘lifetime.' These have been enumerated, usually
'quaiitatively, in the massive volumes which compose'environmental impact
étatemeqts. Unfortunately ﬁhere exists in most of these reports no succinct
summary of;these effects or even of the proposed parameters. These reports
are typically very badly organized, so that any useful data is burjed. Table
3 is our atﬁempt to list the major environmental impacts of the proposed
Alaska-California LNG transport system and an import terminal as given in
References 21, 57, and 58. Where possible Qe have tried to scale the impacts
to a throughput of 1 bcfd ofAnatural gés. Many of these effects can be con-
sidered representative of'other LNG facilities, altﬁo;gh the impacts are ob-
viously sitg specific. Despite the massive volume of the several environ-
mental impact statements, this summary indicates that not all pertinent in-

formation is given.
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Table 3. Major Environmental Impacts of LNG Facilities Proposed for
Alaska and California (Ref. 21, 57, 58)

I. Effects on WaterlBodles .

A, Construction
1. Dredging for Port or Docks
a. Reduces concentration of dissolved oxygen in the water.

b. Increases amount of suspended contaminants (especially
hydrocarbons and heavy metals) which have been released
from the sediment. :

" ¢. Temporarily reduces photosynthetic activity.

2. Saliniﬁy - may be altered slightly -during construction.

3. Effects on Marine Biota | - ‘
a. Temporary eliminetion of plants and animals from dredged area.
b. Habitat changed. ' ‘
C. Zooplankton and other organisme killed.

B. Operation
1. Heating and Cooling of Discharge Water

a. AT - Temperature change
1. liquefaction +21°F
2. revaporization - 5°F to -9°F

b. Effects on Marine Biota - lethal or sublethal effects on
plankton, larvae and juvenile forms of fish and shell fish.

2. Waste Discharge into Water

a. Acrolein (used within cooling system to prevent fouling by

marine animals, detoxified) - .57 to 1.57 ppm/bcf NG processed.
b. BODS'- 0.001 to;s/bcf NG processed.
c. Phosphate (PO4 ) - 0.004 tons/bcfNG processed.
d. Chloride (Cl1 ) - 0.030 tons/bcf NG processed.

" e. 0il - 0.003 tons/bcf NG processed.

£, Suspended solids ~ 0.013 tons/bcf NG processed.
g. Total dissolved solids - 0.130 tons/bcf NG processed.

3. Consqmptive Use of Water

a. Liguefaction - 306 million gallons/bcf NG
bB. Revaporization - 450 million gallons/bcf NG; 170,000 gal/min.
c. Sanitary and domestic uses - 3100 gal/day.
d. Dust control during construction - 20,000 gal/day.
e. Hydrostatic test water - 11.5 x 106 gal/tank.




II.

III. Effects
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Effects on Ground Water

A

B.

C.

- A.

Construction Traffi¢ - deeper thawing of Alaskan permafrost with .
significant impact ‘on ground water drainage

Frostbulb formation around pipeline - blocks subsurface drainage (AK)
Site dewatering for plant may dry up adjacent salt water marsh (CA)

on Air Quality (partiél list only from indicated referenceé)

Emissions from pipeline compressor stations

502 - .11 tons/bcf NG

NO_ -7.3 tons/bcf NG

Cco - .42 tons/bcf NG
11

Excess heat - 1.05 x 10 Btu/bcf NG

Vaporization Facility Emissions

N02 (worst concentration 0.04 ppm, annual average less than 0.001 ppm)
Emissions from ship's boilers

802 annual average for cohtinuously moored tanker ‘—%pg/m3.

Specific Ramifications - e.g. even small amounts of SO, reduce

lichen growth on trees thereby having a detrimental ef%ect on

-indigenous caribou and other lichen eating animals.

IV. Electric Power Consumption

v.

A.
ffects

A.
1.
2.

B.
1.
2.

C.
1.
2.

Average 12 to 25,000 kilowatts/befd. About lOO):lOGkWh/(yr - bcfd).
on Land
Topological Alterations

Alaska - permafrost degradation and removal of granular borrow for
pipeline base may result in erosion,soil subsidence, change in
drainage patterns, slope failures.

California - site grading may have significant topological effects.
Roadways and Increased Traffic
Alaska - degrades permafrost.

California - impaction of fragile desert vegetation. Also, increase

in use of 4 wheel drive recreational vehicles from improved access roads.

Disruption of Local Plant Life
Alaska

a. Forest and woodland vegetatioh would not be allowed to grow
. over pipeline.

b. Increased danger of forest fires.

California

a. Impaction of grasslands, cultivated lands, orchards.

b. Elimination of vegetation from plant site and pipeline route. .

c. Saltmarsh drainage and destruction.

-
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D. Disruption of Local Animal Life

1. Disruption of life cycles for all animal species within plant

and pipeline area.

2. Added risk to endangered species (e.g., San Joaquin kit fox and

California least tern in CA).

- 7
3. Increased access of hunters to caribou, deer, etc.

E. Disruption of Archeological and Historical Sites - Without »
comprehensive field surveys this cannot be known with certainty
but areas under consideration potentially contain Indian artifacts

“and-so present the possibility of vandalism and artifact removal.

F.: Erosion - Improper'release of hydrostatic testing water could

1. No;se from comﬁressor stations audible within 6009—7QQO.ft. radius.

.reSult in severe erosion which could lead to ground shifting and
° " pipeline rupture. ) ’
G. Noise Effects

2. Added noise levels may further disrupt life cyClés of animals
especially in the hitherto undisturbed Chugach National Forest.

Gas Throughput Efficiency of LNG Operations

LNG Liquefaction

Volume of LNG delivered from shore facilities
to tanker (% of vessel capacity)

Gas loss during loading operations

Volume of LNG loaded

‘LNG boil-off during voyage (at 0.2-0.3% of’
‘vessel capacity per day)

LNG heel retained for return voyage

LNG tank storage (less than 0.1% per day loss)
LNG re-vaporization (gas-fired)

Overall Gas Throughput Efficiency to Pipeline

Gas Throughput
_Efficiency (%)

83.0

99.7
98.0+
© 76,0+
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V. Safety Issue Summary

Properties of LNG

Liquefied natural gas consists primarily of methane (95%), with smaller

amounts of ethane (3%), propane (1%), nitrogen (0.5%), and heavier hydro-

carbons (0.2%). The exact composition depends on that of the original natural .

gas. Although most contaminants are removed prior to liquefaction, traces of

sulphur compounds, carbon dioxide and water may remain when the gas is ligue=

“fied to 1/610 of its original volume at -259°F. A tybical peak—éhaving LNG

(Table 4) has.a molecular weight of '16.8 qmu; a density of 27.2 lb/ft3, a
heating value of 1020 Btu/SCF and a specific gravity of 0.4. It 1s insoluble

in water. LNG differs from liquefied petroleum gas (LPG) primarily in the

constituents of the mixture. LPG consists mostly of heavier hydrocarbons

(usually propane and butane) and has similar safety problems. Bgcause it is
stored under pressure at ambient temperatures and the vapor is explosive even
in open spaces, LPG is probably more dangerous than LNG, which is stored at
at atmospheric pressure [9].

LNG, LPG, and other hydrocarbons such as gasoline and kerosene all burn
rapidly with an intense fire, and thesé fires are similar. At first sight,
it would seem that LNG and LPG are no moré dangerous than gasoline (whiéh is
dangerous enough). Table 5 lists the physical properties of LNG and gasoline.
If contained in a confined space natural gas vapors from LNG can react ex-
plosively. In the proper mixture of LNG vapor and air, the vapor can burn,
releasing large amounts of heat. LNG can also_éause asphyxiation and freeze
burns to those in the immediate vicinity,'but these are relatively minor
risks. 1In comparison with gasoline, the additional danger of LNG and LPG
arises from their rapid evaporation and the spreading over large distances of the
combustible vapor, which can occur in minﬁtes, depending on the size of the

spill.
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TABLE 4

Physical Properties and Constituents of LNG¥*

. ‘ Iso- . Normal’
Methane - Ethane Propane Butane Butane
CH, N A - S €4 o
Composition of typical . 95.9 2.5 0.9 - 0.12 -0.15
peak shaving LNG (mole %)
' Composition of typical 87.4 8.4 2.4 0.5 0.7
Algerian LNG (mole %) .
Molecular weight 16.04 30.07 44,09 158.12 58.12
Melting point °C (1 atm) -182.5 ~ -188.3  -187.7 -159.6 -138.3
Boiling point °C (1l atm) ~161.5 -88.6  -42.2 -11.7 -0.6
Liquid specific gravity ‘ 0.425 ©  0.550 0.580 10.562 0.581
(at boiling point) ' , (normal temperature)
Gas specific .gravity 0.554 1.038" 1.522 2.006 2.006
(air = 1) '
Critical temperature °C -82.1 32.4 96.8 135.0 152.0
Critical pressure (atm) 45.8 48.3 42,0 ~36.0 37.5
Evaporation latent heat 121.9 116.0 101.7 87.5 92.1
(Kcal/Kg)
Total calorific value 9,520 16,820 24,320 31,530 32,010
Natural ignition tempera- 537 -- 466 - 405
ure °C
Heated gas ignition 1,325 -= 990 -- 990
temperature °C
Combustion range in . - ~
air % 5.0-15.0  3.0-12.5 °2.1-9.4  1.8-8.4  1.9-8.4

‘Im3 of LNG @ BP = 22.35 5 10 B.t.u. of natural gas at STP (1020 Btu/ft3);
1 barrel (1 bbl) = .159m~ = 3.57 x 10 B.t.u. = 42 U.S. gallons. The B.t.u.
equivalent will vary somewhat with the composition of the gas.

*National Academy of Science, Proceedings of Conference on LNG Importation and
Terminal Safety, Boston, June 1972, p. 262 (Washington, D.C.: The Academy, 1972)
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TABLE 5

Physical Properties of LNG vs. Gasoline

(Ref. 13)
LNG
Boiling Pgint kl ;tm) ~ -258°F -
Ratio Gas‘Volgmé (STP)/Ltiid Volume 6i5.
Heat Content’ (BTU/£t3) gas at STP . 1020
Heat Content (BTU/m3)A1iquid : ) 22.4 X 106
Flame propagation velocity.(ft/sec) - 1.28

Combustion heat radiated during pool fire(%) +15-30

IgnitionAtemperatuge (°F) "999
Flammable limit in air (upper %) ' 14
Flammable limit in air (lower %) 4.8

Liquid Density (H20=1) , 0.42

Gasoline:
"100-30C°F
ZéO-

4400
35.3 x lO6
1.25
» 30
495
7.6
1.4

0.70
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A contributor to the likelihood of LNG spills is its very cold tempera-
. ture. At very low temperatures some metals become brittle and should LNG come
in contact with materials not specifically designed for low tewmperature ser-
vice, ffacture failure may result. This was what occurred in the Cleveland
accident, and this is‘one.of'the chiéf concerns in a collision involving an
LNG tanker. "Because of the Erittle behavior of steel [of the type used in
ship hulls] when cooled-to LNG temperature, the puncturing of one tank in‘a
vessel by'collision or grounding could. lead to the cooling and:thg fracture
‘of adjécent tanks, propagating ghe failufe to both enas of the vessel" [10].
The tanks thgmselves will not suffer brittle failure since they are already'
cold and made of special metal alloys, but it is possible that the structural
members of the hull which are under stress mayibe subject to fracture failure
uﬁder accident conditions. A more thorough anal;sis of the behavior of LNG
tankers under accident stresses is needed. Self supporting (free.standing)
tanks for LNG tankers may be less easily damaged than the cheaper membrane
containment uSed in some tankers.

A spill of ZS,OOOm3 or only one of five tanks is considered more likely
than larger spills. However, for a spill of lOO,OOOm3 on water, most of a large
tanker;s contents, '4 vapor cloud lkm in radius and 6m deep would be férmed in
less than 15 minutes." [12]. The possible consequences of such an LNC spill
are potentially disasterous if the vapor cloud were to drift into an inhabi-
ted area and ignite. Since major LNG facilities are in or near large cities,
such an accident is.éonceivable. There has beén considerable contention over
the probability of such a sequence of events.

If there is'an LNG spill on water or land, the liquid will evaporate as
fast as heat transfer from the substrate allows. If the spill is contained,
such as by a diké or berm, then the land beneath will freeze and evaporation

‘'will be slowed. 1If, on the other hand, the spill is on the seé, it cannot be
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easily contained. The LNG will chill thé water immediately below,

and will spread laterally on the.surface. Thg cold gas is denser than air and
when methane and dry air are mixed‘adiabatically, the Qapor will 1ift from

the water and drift as a negatively buoyant cloud until Aispersed.by diffusion
and wind. The gas will be flammable at the edges of the cloud, where the LNG/
air coﬁéentfatidn is betweén 5 and 15%. There may be pockeﬁs of inflammable
gas diétributed for miles depending on the size 6f spill,'sitiﬁg and atmo-
spheric conditions. These gegeral éharacteristics have been outlined by

a number of authors [11-17]. These papers seem to bé in generai agreement,
but there are nonetheless widely differing es#imates about the distance an
LNG vapor cloud will travel and remain flammable.

A cloud of LNG vapor "could have dimensions of a few miles long by aAfew
miles wide. For an extended vapor cloud to form, it is necessary that no ig-
nition source be present in the cloud. Most of the postulated large releases
are due to collisions with the ship or barge transporting the LNC. .Almost
inevitably such a collision provides sparks enough to ignite the clouds at
the source and thus prevent its spreading. If this failed to happen, once
the cloud reached a populated region, it would surely be ignited for tﬁere is
a high density of ignition sources in populated areas. Thus, if unignited at
the SOufce, the cloud could spread over water, bu; would not be expected to
penetrate into populated areas without ignition. Once ignited, the forward
progress of the cloud would stop, and it would burn back towards the soarce.
Although the possibility of a large cloud formation is very'small, it repre-

sents the hazard capable of producing the most damage to life and property."

[187.

Research on LNG Safety

Considerable research on liquefied natural gas safety has been carried

out [19]. Some rudimentary quantitative risk assessments have been attempted
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for east éoast LNG terminals. However, a comprehen;ive risk assessment did
not exiét until a December, 1975 study of the risks of a pfoposed LNG terminal
in Los Angeles Harbor was performed by Science Applications Inc., for Western
LNG Terminal Company [20]. Thié assessment represents the first thorough
éffort to quantify failure probabilities and examine the likely consequences
of LNG accidents, but it still contains important shortcomings. Each major
spill system wés subjected to fault tree analysis: the ﬁanker, the LNG
transfer system, the storage tank, and the vaporizing system. A number of
initiating events including ship colliéions, natural events such as ear;h—
quakes, operational and material failureé,'aircraft hazards and other sources
of failgre Qere consideted. For each possible spill, model calculations were
made to quantify ﬁhe LNG spread and evaporation, the atmospheric dispersion
of the vapor cloud, the ignition probability, raéiated heat intensity, and
potential fatalities and damage. A probability for each accident sequencé
and the resulting consequence was then obtained.

The reliability of risk estimates of this type depends both on the
experimental data base and the accuracy of the models used. There are a
number of places where this detailed study might be criticized, but on the
whole it represents a large step towards understanding ovefall LNG risks.
Some of the results of this study for the L.A. Harbor estimate failure proba-
bilities per year for the ship's sidewall as 1.2 x 1070 caused by craft or
missile impact when moored on site and 4.9 x 1073 from ship transit collisions
in Los Angeles Harbor. The probability of an LNG storage tank and dike being
breached is calculated as 1.2 x 1070 per year from aircraft impact. According
to this report the earthquake risk is 10'14'per year, which implies that a
quake vl gtifficient magnitude to destroy the tank and dike would occur oply
once in one hundred trillion years. For California this seems ‘low. (Cer-

tainly it is difficult to have confidence in any estimates of this size. The
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age of the earth is on the order of 5 x 109 years.) When these failure
probabilities are multiplied by probabilistic estimages of spill consequepces;
the likelihood of fatalities per yéar has ‘been estimated. .Thels.A.I.‘esti-
mates for L.A. Harbor are given in Table 6. Other estimates of risk proba-
bilities from various sources are pfesented in Table 7. These examples may
exclude certain sourcés of risk, such as theleffect éf secondary fires or

the risks due to sabotage. 1In éeneral, probability estimates of.IO'_9 and
below are not to be taken 1iterailf. It is‘unforFunate that S.A.I. chose to
present their caléulations to this degree'bf accuracy. ‘Sméll factors Aeed

to be‘examined in detail, since cdmmon mode failures, other accident sequen-

0-10 per year. No estimates

ces, or design failures are more likely than 1
of the probability of sabotage were.ipcluded, and. in these days saboteurs

with gxplosives cannot be so easily dismissed. ﬁoré thorough attention should
be paid to the risks of sabotage since these are probably greater than the
foreseeable engineering risks.

Significant sources of uncertainty among various LNG risk estimates arise
from different scenarios involving LNG spills. Varying spill rates and the
cha;acteristics of the surface (including soil type, density, porosity, and
moisture content) lead to different conditions for the spreading and evaporation
of an LNG pool. Weather conditions, details of the vépor cloud dispersion
model, and the criteria for statistically safe concentrations of residual
flammable gas pockets will influence the downwind travel distance estimated.

If the population at risk is not distant from the spill location, the risk
will be primarily related to tﬁe ﬁidth of the hazard zbne, the probability of
ignition, and the intensity of the resulting pool or vapor fire.

Mathematical models have been deQeloped to describe these characteristics.

Extrapolations are involved for estimates of large spill behavior, since

the experimental tests have been much smaller than the potential spill

size for an entire storage tank. There is disagreement among the models as
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TABLE 6

Science Applications, Inc. Fatality Estimates. for

L.A. Harbor LNG Terminal (Ref. 20)

Probability of Occurrence of Calculated Fatality Levels, for
the 400 Million £t per Day South Alaska Project.

Fatalities : | | Probability of Occurrence
» o ' : . Per Year, All Cases.
1 - 100 . | 1.2 x 1077
100 -.1,000 ° ‘ 8.7 x 1078
1,000 - 2,000 7.3 x 1078
2,000 - 10,000 ' ' 1.7 x 1078
S =12
10,000 - 20,000 4.9 x 10
20,000 - 30,000 7.0 x 10”10
30,000 - 40,000 8.2 x 10°2°
40,000 - 50,000 5.9 x 10733
- T T : - - - ;37
Maximum 42,000 6.9 x 10
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Table 7. Examples of LNG Risk Estimates
(Ref. 20, 21, 57)

I. Accident Description

“A.

Spill on water--LNG rapidly spreads and evaporates. If ignited,

a pool fire may result, or the vapor may move downwind to the land
and be ignited, or it may disperse harmlessly before ignition. For
those caught outdoors within the burning cloud, fatality is approxi-
mately 100%. 1In daytime 207 of the population is assumed to be
outdoors. Property damage will occur.

Spill on land--should be confined within dike surrounding tank. Dan-
ger from radiated heat from fire if ignited.

II. Sources of Spills With Varying Consequences

A.

B.

Internal causes (this list is not intended to be complete~-pipe
failures will have limited spills; tank failures can be much larger.)

1. Valve rupture probability ~ 1078 /hour

2. Tank rupture probability ~ 10“6/year

3. Automated valve failure 1 x 10_3/demand

4.  Automatic shutdown failure 1 x 10—4/demand
External causes (dependent on the site)

1. Natural Hazards

a. Earthquakes--Although all plants proposed in California are
at most 2 miles from a major fault, and their pipelines often
cross faults over 20 times, the S.A.I. probabllltZ for a
major accident due to earthquake activity is 107 per year.

b. Hurricanes and high winds--Plants are structured to elimi-
nate severe stress due to wind loading. Early storm war-
nings will allow for the evacuation of tankers and the emp-
tying of ship~-to-tank transfer lines which might be af-
fected by the storm.

c. Tidal waves (tsunamis)--LNG plants are built in protected
harbor areas. While tsunamis are a possibility in southern
California, they present no major risk to the LNG plant.

2. Man-made
a. Airplane crash into plant: annual probabilities--LNG

storage tanks 2.5 x 10'4, major pipelines 5.2 x 10'4,
LNG tankers 1.5 x lO'A/year.
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b. Tanker collision--estimated accident of any kind 0.331
per year or 0.00165 per bcfNG. Rupture probability
0.005/year.

c. Sabotage (Potentially important, but not quantified).

General Risk Probability (strongly.dependent on the site and surrounding
population density, and are subject to disagreement)

A, - Prohablllty of plume reaching land unlgnlted——l 2 x 10 4/year or
5.9 x 10-7 per bcfNG

B. Estimated human fatalities--0.013 to 0.20 per year or about 20 x
1073 per bcfNG

C. Expected frequency of one fatallty——about 1 per 25 years or 1l per
5 x 103 be£NG

~ . D. Maximum fatalities in large accident--40-~2000 .[.=lO-7 per year)]
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to the Qistance to the lower flammable liﬁit (LFL) of the vapor cloud. Under
the most stable atmospheric conditions the distances to LFL'for a 25,000m3
spill of LNG, about 1 tankful on'aﬁ LNG tanker with fiye tanks, vary from
300,000 feet (Fay, M.I.T.), to 200,000 (Burgess,‘Bureau of Mines), to 37,000
feet (American Petroleum Institute) [21]. These differences arise principally
from the uselof different peak to-aQerage concentration ratios in setting a
criterion for safe disperéal, from the use of neutral atmdspherié weather con-
ditions rather than very stable conditions, and from lesser factors including
differént assumpti&ns about the buoyancy éf tﬁe'Qapof cloud-and,different
physical models for LNG evaporaﬁion, spreading, and dispersal. Until a
'thorough comparison is-made and published, it is difficult to establish the
correctness of a particulaf model, especially when the experimentél data are
‘for much smaller spills.' -

The distance to the lower flammable limit of the vapor cloud should be
set to take account of localized flammable pockets in parts of the cloud where
the average concentration is below the nominal flammable limit (5%). S.A.I.
concludes that for large vapor clouds the peak concentration will exceed the
mean value by factors of 1.1 to 1 and 1.2 to 1, ﬁot by 2 to I, or 10 to 1, or
20 to 1 as hypothesized from some experimental tests. A plausible explanation
is offered for the differences between the experimental interpretation and
their model’ calculations, but this should be independently verified. Even
if the different models agreed, stochastic variations in concentration can
still occur and the choice of the LFL designated as 'safe' depends on the
confidence level presgmed for the existence of a flammable pocket within that-
portion of the cloud.

Other topics of importance for further reseérch on LNG safety include:

1) Detonations in unconfined vapor clouds. Detonations of gas clouds

are potentially more dangerous than simple ignition of a vapor
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cloud, as evidenced by accidenfal liquid propane explosions [9].
For confined methane vapor clouds explosions are possible,.but for
unconfined methane large‘explosions have not been observed [23j.
The U.S. Coast Guard has sponsored tests at China Lake in an at-
tempt to detonate stoichiometric mixtures of méﬁhané and air in 60

foot diameter balloon hemispheres. High explosive initiators as

large as 2kg were used, -but no detonations were observed. The ef-

- fects of stratification and inhomogeneities and possible effects of

vscale‘in'LNG vapor clouds need to be determined by further research.

Liquid-liquid vapor explosions. When a hot liquid is poured onto
a cold liquid there is the possibility of a rapid transfer of heat

(thermal energy) to mechanical energy. The question arises, do

‘real situations occur when the mechanical work approaches the ther-

modynamic maximum and caﬁ thiis work bg performed so rapidly that
the forces are large or so that a chemical explosion is initiated,
thus magnifying the effect? It séems that the answer té these
questions is no, but not with the certainty we would like to have.
There have been a number of examples of vapor explosions as
one hot liquid falls on a colder‘liquid and in several instances these
have been destructive. Vapor explosions have been observed for
molten aluminum on water, molten. steel on moist ground, molten lava
upon water, sodium on molten uranium oxide, freon R22 on mineral oil
or watef, and LNG on water. This field of research was reviewed in
1971 by Witte (22], and the potentiai explosion hazards have been
discussed in references 24-29. The most fecent review of hydro~
carbon vapoer explosions by Porteus and Reid states that ''mew exper=~
iments have shown that, under the proper counditions, explosions may

be obtained in cases where previous investigation reported that none
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were possible''[29d]. The likelihood of LNG-water explosions

changes with the coﬁposition of the LNG and Qi:h the manner in

which the LNG and water ére brought into contact. Although the

energy rélease itself may ﬁot.be~damaging, at the least, LNG
vaporization rates would probably increase substantiéliy should
vapor'explosiéns occur.

To obtain a rapid enough energy release to cause major damage
by an LNG-water explosiqn,‘there'must be a mechaﬁism for the rapid
forﬁation of vapor, and the LNG must be finely fragmented into drop-
;ets. Vapor explosions aré now thought to arise from the creation
of a superheated film of the LNG upon thé contact of water and
LNG. 'As'the.temperature rises, the spontaneous homogeneous nuclea-
tion of this superheated film may occu;, followéd by a rapid flash-
ing into vapor. An initial small explosion might cause fragment;tion
of the LNG, and createa large surface area; subsequently a larger
A'volumé of superheated film might explode.-

The conditions described by Henry [27a] and by Reid {29¢] for
a superheat explosion on the mixing of two liquids can be graded in
order of importance and certainty:

a. the two liquids must be in close contact and not have an in-
terveniﬁg solid or vapor phase.

b. the temperature at the interface betweén the two liquids must
be greater than the temperature at which homogeneous nucleation
takes place in the bulk of the liquid without a nucleation
site. ThepmEocessof homogeneoﬁs nucleation defines the Sugef— )
heat limit (TSL)-—the highest tempefature at which the super-
heated liquid can exist. Only at this temperature or above

can nucleation occur rapidly enough to form an explosion.
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if the temperature of the hot liquid is below the homogeneous
nucleation temperature, Tgjy, no explosion seems to occur under
any circumstances iﬁ agreement with item b. The interface
temperature when one liquid is poured onto another seems well

calculated By assuming contact of two infinite plane slabs.

Then the interface temperature (Ti) is given by

C

- Kg Pp e

where T, k, b;'C aré the temperatufe; the%mal conductivity,:
densiéy, and hgatAcgpacity, and subscripts c and H signify ﬁhe
" cold and hot liquids. For wéter ﬁo@red on LNG ‘T is .only SOK
to 20°K below the éemperature of the water.

if T; < Tgy there will be no explosion on pouring one liquid
onto another. However, if Ty > Tgy, > T; some droplets of the
cold liquid may warm up until the\interface temperature reaches
Tg,. Then a delayed explosion can occur. = (This is not rele-
vant for the LNG case, because Tj and Ty are both greater than
Tsp-)

if T; »> Tgp, vapor bubbles can suppress explosions. This is
not a rigid condition, since it depends critically upon the
method of bringing the two liquids into contact. Pure methane
has not been observed to explode when poured upon water, but
. when impacted upon the surface at high velocity it can explode.
LNG compositions which are not normally considered explosive
might explode if impacted. Tor LNG-water vapor explogions:
Ty = 293°K; Tgp = 1669K; Ty/Tgy = 1.76; T;/Tgy = 1.68.

In most discussions of vapor explosions in industry, it-is tﬁe

first condition that is relied upon to prevent an explosion. Thus,
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in a hypothetical core disruption accident of a liquid metal fast
breeder, Tqp for sodium is about 2100°K; Ty = 3500°K is the tempera-
ture of molten mixed oxi&e fuei, but the interface temperature for
the bulk of the uranium oxide/sodium interface is. less than 2000°K
because of the high thermal conductivity and heat cgpagity of the
sodium. Explosions could only occur with small amounts of trapped
sodium. Even so, LMFBR -safety is questioned on this ground, and
intensive internatiénal research continues.

| .Howevér, for liquid hydrocarbon spills upon water the last
criterion is thg only one which stops an explosion. If an LNG ship
were to collide, and a tank were broken open, we can with our pre-
senf'limited knowledge imagine entry of water into a tank followed
by boiling and pressure buildup. The pressure might then impel LNG
into the sea, causing a vapor explosion. This course of events
wés not deemed possible in 1972, but the experiments of Porteous

and Reid bring it into the realm of small but non-zero probabilities

[29d].
It is not clear how much energy would be released in such a

vapor explosion or whether it would be damaging. Neverthéless, the
pressure buildup within one of the ship's LNG tanks followed by
LNG~water vapor explosions would substantially increase the vapori-
zation rates of LNG. It is bossible to envision a scenario where

the Vapor buildup and expulsion of LNGAinto the water oscillates

with the process of sea water flowing into the emptying tank. Even

if the LNG-water explosion itself did not cause damage, the more

rapid formation of vapor could lead to a much more intense fire if
ignition were to occur. Further research is clearly needed, both on
liquid-liquid vapor.explésions under these conditions and on the poten-

tial behavior of LNG in the event of a ship's tank rupturing.
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Phase change pressurization due to stratification and "rollover"
{30]. Since LNG is a mixture of several hydrocarbons, stable layers
of different compositiOn‘can form. As the two layers absorb heat
differently and approacﬁ the same density, a sudden release of va-
pors may occur, leading to a pressure pulse.. Storage tanks are now
désigned to withstand this. Relief values and. adequate mixing can
aiso deal with this problem. For this.reéson it is important to

know .the precise composition and age of LNG shipments.

‘Thermal radiation from fires. The résulting heat from a burning

but céntained spill of LNG can be damagingAto people and property.
The'effects of wind aré important for tilting flames énd for bre—
dicting the radiated héét flux. Safe séparation‘distances from
LNG tanks are an essential part of the.site plan, and determining
the "safe" distance from an LNG fire has led to many tests of small
amounts of LNG burning in open pools up to 80 feet in diameter.
Most thermal radiation estimates are in agreement with the experi-
ments which have been performed [31,32].

Figure 2 represents an extrapolation of thermal radiation data
obtained by May and McQueen [35]. The region of -experimental data

is indicated. (It has also been reported that the Cleveland LNG

- pool fire, which was about 600 feet in diameter, was safely observed

from one quarter mile distance.) At large'distances from an LNG
fire there may be thermal absorption effécts to lessen the intensity
or even a filtering out of the easily absorbed spectral lines.
Differences -in absorption of the CO; and H)0 emission lines may lead
to deviations from the simple exponential absorption usually as-
sumed in air. The relative humidity of the air is also an impor-

tant factor, and specific site characteristics will affect the
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thermal radiation fiux.

No one has yet burnt a shipload. This leaves open the question
of‘extrapélation from the smaller test pool to thé larger pool
which would be created if an entire tank of LNG were to fail and
the LNé were trapped in the dike surrounding the tank. Much of
the Safety.aréument centefé on the criteria used to define a "safe'

thermal radiation exposure level. For example, in Cumberland, R.I.,

'the Valley. Gas Company‘plénned to place a 300,000 barrel tack 1,022

feet from.the 585 pupil Ashton Elementary School. Several people”

thought that 2,000 feet would be a more appropriate distance for

siting similar tanks [33, 34].'

Thexre has been dispute oﬁeg the "appropriate heét flux radiated
grom a fire to choose as the safe limié: 10,000 Btu/hr-ft2 will
ignite wooden -structures, 5700 Btu/hr-ft2 will blister exposed skin

in 7 seconds and has been taken as the fatality limit by S.A.I.

2

1500 Btu/hr-£ft“ is often taken as the "safe" limit. Heat at this
"safe'" intensity will cause extreme pain after 20 seconds of ex-
posure and blistering after about one minute. It is assumed that

anyone experiencing this heat intensity would safely retreat from

the area. Some critics feel that a lower value like 465 Btu/hr—ft2

(I.SRW/mZ).is more réasonable, since it is the threshold below
which no unbearable pain is felt for any exposure duration. Of
course, the adoption of a lower figure of merit would require
greater distances surrounding potential fire sources.

Control methods for LNG fires. Small LNG fires can be fought with
dry Chémicaisﬂ The rate of burning might be controlled by high~
expansion foam, although foam cannot extinguish the fire. However,

controlled burning may be preferable if reignition is likely. It
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is difficult to fight LNG fires, and water sprays, while useful to

cool exposed objects, may actually intensify the fire by increasing

LNG evaporation rates if they fall on the LNG .pool. It is still a
matter of some discussion, whether to tfy to burn a spill before it

disperses or to disperse it quickly before ignition. If, for ex-

ample, there were small gas flames surrounding a dike, escaping gas

would be burnt before a dangerous concentration could arise. How-

ever, this method has its drawbacks since it might éscalate a minor
accident and has‘not béen adopted~[36];

Engineering design and materials used in LNG facilities. Because

of the extreme‘température ramges which must be endured during

sbili and fire conditions, selection of the metals, céncrete, and
other matérials.of significance. New insulating concretes (35
lbs/ft3 vs‘LQO 1bs/ft3) proposed for use in dikes to reduce vapori-
zation rates need to be throughly tested for thermal shock charac-
teristics. Concretes used in high dikes must be able to withstand
the intense heat from a pool fire. More cautious engineering design
incorporating multiple diking, insulated concretes, vapor containment
barriers, and tanks Aesigned to withstand higher seismic loads can
all reduce the hazard from spills, but at a price. Industry codes
such as National Fire Protéction Association 59A and the regulations
of the U.S. Coast Guard and the Office of Pipeline Safety Ope;atibns
should continue to‘be updated to accommodate advances in engineering
design and the use of new materials. The experiences in Cleveland

in 1944 where an inadequate metal alloy was used for the tank, and

"in Staten Island in 1973 where the supposedly non-flammable tank

insulation burned disastrously demonstrate the necessity for rigid

design and testing criteria.
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7) Semi-solidification of LNG. Tﬁe use of a semi-solid gel form of
LNG in shipping or storage might significantly reduce spill and
.evaporation rates in the.event of accident. An extra energy ex-
penditure of about 66 Btu/ib will drop the temperature of LNG to
-30Q°F, making it into.ﬁ solid. However, this may not be practical
for a number of engineefing and economic reasons. It is possible to
. make a semi-solid LNG gel by rapidly cbndensing.and freezing methyl
-alcohol or wafer in the LNG. Only one-third of é pergent by weight
of alcohol or Qéter iﬁ.retainéd in the gel, which remains semi-
solid at f2609F.'-Resga;ch'into the properties of»thié gel is being
carried out at the LNG researéh center a£ M.I.T. Studies of tﬁe
scientific, engineering, and economic feasibility of using such'gels
in transbortation or storage should be pursued.
To ensure the safety of LNG facilities several steps should be taken:‘
1. Endeavor to prevent ény spill;
2. Contain any spill, if possible (although this is unlikeiy on the
sea);
3. Disperse the vapor, or ignite the spill intentionally;
4. Ensure that any habitation is far enough from the facility to be safe.
The safety of an LNG facility can be protected at any one of these
stages. Clearly it is to industry's advantage to prevent a spill, for once
there is a spill, the facility could be damaged. However, tanks in an LNG
ocean tanker might give way in a ship-to-ship collision, workers might be
careless, or despite all engineering measures,‘a saboteur could break open
either an LNG tank or ship under the most unfavorable meteorological condi-
tions. It i§ not possible to be absolutely certain that there will be no spill,

so we must take precautions at the other stages as well. Large separation dis-

tances may well be the most reliable method of achieving the desired safety.
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Déspite the arguments over safety, LNG has been used since 1960 without
serious accidents to the public. Although costly.($3 per million Btu de-
livered), it has distinct benefits‘over switching to alternative sources of
energy. The combustion of natural gas is cleaner and leaves fewer effluents
‘than either coal or oil. Other fossil fuels also present hazards in their
storage, transporfation; and use. Ip addition, there are poteﬁﬁialiy large
costs to convert from gas to these fuels, and the presentigas pipeline net-
work is in place and qperates‘efficién;ly. Nevertheless, as we have indicated,

careful attention to.the public safety and further research related to the risks

. of LNG are needed if we are to utilize this supplemental energy source.

Recommendations

The principal recommendations from our studies of potentiai LNG risks are

as followé:

] The'unresolved safety issues haQe been widgly discussed, and it ié doubt-
ful that more safety hearings can resolve them. An accelerated research pro-
gram is needed to ascertain the range of sensitivity of risk estimates to:

1. differences in vapor cloud dispersion models and choices of atmo-
sperhic stability conditions;

2. differences in selection of '"peak to average'" methane/air concen-
tration ratios to define the "gafe” lower flammable limit within a
vapor cloud;

3. différences in ignition source distribution and in assumptions of
their effectivenéss in igniting a vapor cloud at different locations;

4. differences in population density surrounding taﬁke; routes and
terminal sites;

5. variations in physical phenomena such as the gravity spreading of

LNG, boiling rates, and spill rates.
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e Burning tests and vapor dispersion tests on large spills (up to 25,000m3)

should be used to resolve discrepancies in existing models and to investigate
vapor cloud dispersion, flame shap;s, and thermal radiation éharacteristics
under different site and weather conditions. Many tésts have glready been
performed on smaller spills.

‘; The stfﬁctural infegrity of of LNG tankers under spill cbnditions gener-
ated by an accident or sabotage,'and the resuiting spill éharacteristics |
shbgld be better determined.

® Experimental verification is needed for physical theoriés of supefheat-
lim;tgd gxplosioﬂskwhich may reéul;,from LﬁG spills~injeéted into or onto
wéter. The effects of LNG compdsition and mode of LNG spill in accident con-
ditions on possible explosions need to be understood. LNG-water intefactions
are just one area where liquid-liquid superheat explosions are being investi-
gated«ahd coordination of these éfudies with other fields is worthwhile.

® A thorough comparison of risk estimates should be made and égblighed.

® Transforming LNG into a semi-solid gel for use in shipping and storage
might significantly reduce spill and vaporization rateé. Additional research
on the properties of such a gel and the engineering economics of semi-solid
transportation should bé pursued.

® The possibility of sabotage must be introduced into any risk assessment
and considered in siting of facilities. So far this has been largely omitted.

® Research results should be published in the scientific literature and
disseminated widely to the public before they are used to justify safety de-

cisions.
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VI. LNG Facilities Siting Disputes

The Cumberland, R.I. LNG Tank

Cumberland is a sm;ll town on tﬁe Blackstone River; 20 miles north of
Providence, on Ehe ring road U.S. Routel29$.A Abaut 1954, Ashton, a p;rﬁ of
Cumberland, was selected as a headquarfers site for the Valley Gas-Co. Tﬁe
land was zoned agriculturally and according to Valle& Gas.Pfesident, Mr. C.
_G;_McCaffrey, "Valley Gas sought é changé to. industrial zoniﬁg and said then
- that no tanks were envisaged" [37]. The Aéhtdn Elementary'School'was Built
.in 1964, "about 1000 feet northwest of the Vélley Gas-Co. héadqparters. A
tank for storage}of 1 million gallons (378Om3) of LNG was constructed with no
priér heariné'in 1970, although by this time there were propane storage tanké
on.the site. This LNG was supplied by truck from Massachusetté and was pri-
marily used for peak shaving. Again the Valley Gas Co. stated that they had
no further expansion plans. In January 1973, Valley Gas Co. petitioned the
Town Council for permission to build a 12,600,000 gallon (300,000 barrel or
47,700m3) LNG tank 155 feet in diameter and 145 feet ﬁigh at their Ashton
site. The Town Administrator ruled that the matter should be heard by the
Zoning Board and Valley Gas requested a zoning board variance to allow the
construction of the tank. The variance was necessary because the Valley Gas
property was now zoned for industrial ”Aﬁ use which does not permit storage
tanks, and the proposed tank would have been 70 feet higher than the local

ordinance which limits building height.

Actions of Obponents and Proponents

The Providence Journal had written about the Staten Island fire, and a
number of local citizens became concerned about a large tank in Cumberland
because of the proximity of their homes and the Ashton school. A meeting was

-called, out of which evolved the Concerned Citizens of Cumberland. A steering
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committee was chosen which‘inclﬁdedlthreé immediate neighbors of Valley Gas;
the others lived one or more miles away. Time was short, because the zoning
board hearing was scheduled for‘Ma;ch 8, .and external advice was hard to geg.
The Providence Journal had mentioned the names of Prof. James Fay from the
Department af Mechanical Enginéeripg at M.I.T., and one of us, Richard Wilson
of the Departmént of Physics at Harvard as being technical experts previously
concefned about LNG safety.

On behalf of thé inte:vening group, Prof. Wilgon askeq for details of
the proposed tank and its site. Some of these were made available orally. A .
m§p of the<tank site, which according to its daée had not been dréwn—ﬁntil
after the initially planned board meeting, was later made available to the
remonstrants. Because of the public opposition,.che Valley Gas Company re-
quested postponemént of the hearing, so that they could prepare a better case.
Due to further postponements, the actual zoning board hearing did nét take
place until August 6 and 7, 1973. 1In the interim, the Valley Gas Company had
hired Arthur D. Little, Inc. as consultants. In addition, Valley Gas con-
. ducted a pubiic relations campaign which included newspaper advertisements and
three letters to Cumberland residents. In his letter of June 29, 1973, C.G.
McCaffrey, President of Valley Gas said:

"l. There is a shortage of all forms of energy.

2. By having LNG on hand, Valley Gas will be able to lessen the impact
on customers in the likely event that our pipeline supplier further
curtails natural gas shipments'to us.

3. The tank would be on our headquarters' property so that our tech-
nical and mechanical people can daily observe its functianing.

4. We would take all necessary precautions to insure everyone's safety
during its construction and operation, and we detailed the construc-

tion plans and safety procedures.

‘
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5. View the tank as a resefvior ts draw on during fuel shortage.

LNG storége facilities have e;tablished a perfect safety ;ecord
since thé development of nati;nal codes, dependable.hethods.and cryo-
genic materials used today (such as nine percent nickel steel and.the
building of dikes).

I_wanf to restate what I said in my first lettér. 'If 1 tﬁOught<
for one minute that thejeAwas the slightest possibility of the tank
causing an accident, it wbﬁldn't be built.'"

Valley Gas also held an informational public forum 6n,July 2, wﬁich pro;
Qided much sought after infqrmation to local residents. At this meétingl Dr.
Elizabeﬁh brake of Arthﬁr D. tittleL who had been a priﬂcipal-investigator in
some LNG burﬁing tests conducted by the Amefican.Gas Aésociation, gave her
opinion'that under the worst accidenﬁ circumstances for the proposed tank,
"at 950 feet a person could have his skin exposed to a fire for 30 seconds

before experiencing pain' [37].

The Zoning Board Hearings

At the first session of the hearings, hgld August 6 and 7, 1973, about
500 persons were present, more people than at the annual town meeting in June.
Professor James Fay of M.I.T., chairman of the Massachusetts Port Authority
and author of several papers on LNG and related topigs, and Professor George
Seidel of Brown University, an expert in cryogenics, testified on behalf of
the opponents of the tank. Professor Fay concentrated his te;timony on the
dispersion of LNG after a spill. Professor Seidel quesﬁioned the advisability
of the tank location 'so close to the Ashton School and suggested that an under-
ground tank, while more expensive, would avoid the problem of spills. Both
mentioned.the unexpectéd nature of earlier LNG accidents and incidents and
said thét prudent‘safety judgments should a§Sume the occurrence of a large

spill.
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Dr. Fay stated that a spill of SOOO‘barrels of LNG, less than 2% of
 the capacity of the tank, could form a vapor cloud 700 feet in diameter which
could blow do&nwind and be flammabie for nearly two milés. He felt that the
1972 National Fire Protection Association Code 594, phe principal standard
go which the tank would be designéd, did "not fully reflect the considerations
of possisility of flammablé cloudé d?ifting downwind from spills, and.th;t
distances between storage tanks and public buildings or other areas where
people might congregaté'in that code are in fact too small for safe desigg
and operation" [38).. He noted the rapid development of'tNG,téchnology and -
the recent naturé‘of tests'done on LNG. He ciﬁed the St;ten Isiand'acgideﬁt
és evidence that fwe are not completely and fully aware of all the dangers
assiciated with this kind of technology. I believe very serious considera-
ﬁion should be given to proper siting of facilgties in such locations that
should there be an accident there would be absolutely no chance of harm to
any humén person' [39]. He did not specify what level of risk, if any, would
be "absolutely" safe.

Dr. Elizabeth Drake was thg principal safety witness for the Gas Com-
pany. She stated: '"In essence, LNG technology is far from new. It is built
upon decades of experience with liquid fuels and cryogenic liquids and is
based on well-established codes and standards developed specifically for LNG"
{40]. The following quotation taken from a later report co—authored'by Dr.
Drake elaborates briefly on LNG standards:

"Changes in several codes and standards, inéluding NFPA 59A, arc present-

ly being considered. If changes are made, they may or may not be of ma-

jor significance but, based on past experience will generally be more
restrictive than their predecessors. Any changes are necessarily made
in slow and deliberate manner, so that there tends to be a time lag al-
tering the standards to reflect new knnw]edge and impreved techuvlogy.

It would appear that the details of the standards have been largely in-

fluenced by the gas industry, since industry employees or contractors

generally have most of the expertise that is necessary to deal with the
subtleties of design and performance requirements. The overall objectivity
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and intent of the standards, however, may have been influenced by a more
balanced interest in safety, since many contributors to the codes were
not sponsored by the gas industry.

The codes in general, do not explicitly describe the extent to which they
may control or limit the hazards presented by accidental failures. That
is, for example, given a rate and quantity of rélease of LNG due to a
specific failure, the code does not provide a method of estimating the
extent of the resulting fire hazard, although this could be done using
presently available knowledge and methods. Instead.the codes present
exclusion distance requirements which infer some. assumed maximum acci-
dent and allowable fire exposure at the property line, though neither

is specifically described" [41].

Dr. Drake further testified at the hearing:
"The primary hazard associated with an LNG spili is, of course, fire.
Heat from a large LNG fire is 'intense just as in the case with any large
fire and liquid fuels. The safe distances can be estimated for various
LNG fire shapes and sizes. To achieve safe facilities, one needs to
identify potential causes of spills, determine their likely locations
and sizes, and then estimate zones which may be affected by an accident
of the type considered. Depending on the results, appropriate adjust-
ments may have to be made in plant layout to minimize risk or injury
to people and property" [42].
It was not made clear whether such a detailed estimate of safety zones had
been carried out for Valley Gas, but the implication was later. made that such
estimates had been carried out. Dr. Drake concluded from her use of mathe-
matical models developed in experimental LNG tests conducted in California
that "the safe distance for people estimated using these methods is about 950
feet from the tank area" [43]. It was not specified under what conditions,
if any, the 950 foot distance might be invalid. She added that her model did
not include any effects of the terrain, although she felt this would make the
950 feet a conservative estimate since the school was on higher ground. She
finished her testimony by saying "In my opinion, there is no hazard to_the
children at the Ashton school either from a major fire or from vapor disper-
sion, and I believe this is a safe siting'" [44].
Dr. Drake, since she appeared after Dr. Fay, was able to rebut his testi-

mony. She believed '"Professor Fay may not be fully aware of the differemnces

between spills on water and spills on land.", since Fay's published work was
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primarily for spills at seé. Thé 1awyer.for the Vailey Gas Company also

took great pains to establish the credibiiity of Dr. Drake over Dr. Fay by
pointing out Ehat Dr. Drzke has beén a discussion leader at an LNG conference
in Boston in June 1972, where Arthur D.-lLittle Co. and.Chicago Bridge and
Iron representatives Bad been present,‘and that Dr. Fay'had'not been invited
to this conference.. Alchougﬁ attendence at this ﬁafticular conferenéé had

no bearing on Dr. Fay's reputation in the field, and should haQe been irrele-
vant, this establishment of credibility was a facto; in the later decisiqn of

the zoning board.

‘The Zoning Board Decision

On November 7, 1973 the Cumberland Zoning Board released their 4~1 de-
cision approving the petition of the Valley Gas Company. Eight coriditions
were set regarding:

1) Fire protection equipment; .

2) Training of fire department and Valley personnel;

3) Construction and maintenance of the dike;

4) Design, engineering and construction of the tank;

5) 24 hour supervision and fire protection;

6) Jurisdiction over installation, operation, and modification;

7) Jurisdiction over fire safety;

8) Expenses of outside opinion to be borne by Valley Gas.

The findings of fact and conclusions of the board were:

""1) This Board has weighed and evaluated the evidence presented- by
Valley's witnesses and the witnesses for the Remonstrants and con-
cludes that the evidence presented by the witnesses for Valley is
more credible and believable than that presented by the witnesses
for the Remonstrants. The detailed background and practical day-
to-day knowledge of Valley's witnesses is in sharp contrast to the
theoretical 'book' knowledge of the witnesses for the Remonstrants.

The Board, therefore, finds that Valley has sustained 1ts burden of
proof on the issues presented to this board.




2)

3)

"

5y

6)

8)
9)
10)

11)
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There is a serious public need for the storage tank proposed by

the Valley. The construction of the storage tank will enable
Valley to provide adequate winter fuel supplies for homes, institu-
tions, businesses and northern Rhode Island areas. The need has
been clearly demonstrated by the evidence and has been conceded by
the Remonstrants. :

The construction of the proposed tank will have no adverse effect

on property values in the neighborhood, will not alter the charac~
ter of the neighborhood, and will be consistent with the development
of the area. In view of Valley's existing plant at the proposed
location and the mixed uses of the area, the Board finds that the
proposed facility will not substantially or permanently injure
neighboring property.

The traditional traffic which may result from Valley's operation of
the -proposed facility will be limited to a very short stretch of
Mendon -Road and will not create any additional traffic or any ap-
preciable traffic hazard. .

Based on its own experience and the expert testimony of the witnes-
ses presented by Valley, the proposed facility will not result in
any change in the use of Valley's property, but will merely be an
increase in the density of an existing'use and so will be in har-
mony with the existing character of the neighborhood which already
includes Valley's present facilities.

The facility proposed by Valley, with the safety features described
in the evidence, is generally accepted, widely used and enjoys a
proven safety record. Accordingly, we find that the proposed facil=-
ity will not be hazardous to the public or adjoining property
owners.

The design and construction of the tank will be in strict accordance
with the most modern LNG technology and will exceed in many instan-
ces nationally accepted standards.

The site proposed by Valley has been examined by this Board which
has also considered the testimony presented with respect to that
site. We find that the site is entirely suitable and safe and that
neighboring porperties will not be adversely affected.

In our judgment, the public convenience and welfare will be sub-
stantially served by the construction of the proposed storage tank.

In our judgment, the appropriate use of neighboring property will
not be substantially or permanently injured by the construction of
the proposed tank.

The proposed tank will be in harmony with the character of the
neighborhood, appropriate to the use of buildings permitted in such
district, and possessive of a reasonable tendency towards promoting
the public convenience, the public welfare, and the public health.
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12) The proposed use is reasonably necessary for the convenience or
welfare of the public.

The dissenting opinion was given by Mr. McGill, who said:

"It wouldn't be right to give a 'Yes or No' vote on an issue where so
much time, effort, and moncy has been spent or so much controversy has
been brought about without giving good reasons for doing so. Here are
my reasons: '

The Town fathers who initially planned the zoning of the town saw fit
to zone this area where they wish to build the tank--Industrial A.

People built homes riearby and the town built an elementary school about
1000 feet away, having in mind I'm sure, that a storage facility of
this kind would not be allowed because it is not allowed in 'Industrial
A'.

During the hearings there were many conflicting opinions on the safety
of the tank (especially in regard to distances that were safe for the
school and surrounding area) by people who were well qualified to give
an opinion. The safety factor was important because of the fact that
one volume of LNG (liquid natural gas) is equal to 600 volumes of
Natural Gas which makes this a terrific source of energy. From what I
get out of it, seems to me, 1,022 ft. is cutting things a little too
close on the distance away from the school. There are no Federal or
State Laws on the books spelling out distances to go by so to use my
own judgment I think it's just common sense not to put it there.

I don't want Cumberland to go on record as having the closest school
on record abutting an LNG tank. I'd rather go the other way and be the
furthest.

The children teachers, as well as residents should not have to look out
the window and see this tank and live in constant fear of an accident
that could cause an explosion when there's no absolute necessity for it.
I know the tank is needed but there must be alternate sites''[45].
The decision was appealed to the R.I. Public Utilities Commission which con-
ducted a further hearing on January 29, 1974.

It. is clear that the media played a significant role in providing infor-
mation and arousing public concern. The LNG tank fire in Staten Island was
much reported in the press, and at first it was unclear that it was not a tank
full of LNG which had exploded. 1In the Cumberland tank proposal the first
involvement of the media was to announce the news as given by the gas com-

panies. The Cumberland newspapers carried articles which quoted Charles

McCaffrey, President of Valley Gas Co., about his enthusiasm for safety.
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Smaller items quoted the concern of the ﬁank opponents. There wés no lead
article about the issues involved and articles generally reported stateménts
rather than providing background iﬁformation, particularly with respect to.‘
téchnical safety issues. The zoning board hearing was weil and fairly
covered by local papers. However, there was no coverage which showéd real
understanding of ;he-issues until after the zoning board hearing. The aééeal
hearing was covered by sevefal local newspapers and the local T.V. station
.in considerable detail. 1In addition a iocal monthly newspaper the "Advoca;e"
devoted its Febr;ary 1974 isgue.entirély to LNG issues and the LNG safety

debate.

Post Hearing Actions

At the appeal hearing of the Public Utilities Commission Richard Wilson
was the principal witness for opponents. His written testimony noted the dif-
_ficulty he encountered in obtaining technical détails of the tank and of ob-
taining research papers by Dr. Drake cited at the August hearing as being
"published very shortly.'" Some of this research had been used to justify the
safety of the proposed tank. Dr. Wilson also wrote that Dr.‘Fay's published
work indicated that he was as qualified an expert on LNG as Dr. Drake and
should have been so coﬁsidered by the zoning board of review. (Judging from
the transcripts, Fhe testimony of the expert wiﬁnesses for Vailey Gas, who were'
paid by Valley Gas, was more explicitly and carefully prepared than the tes—
timony of the unpaid expert witnesses for the intervenors. This, as always in
such cases, was a disadvantage for‘the intervenors, which hearing boards
should, and usually do, take into account.)

The coqsideration cf alternatives to the Valley Gas p?oposal was also
raised. No cohparison of alternative sites or alternative tank-dike configu-

rations was placed on the public record. Although Valley Gas had conducted
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an aerial survey of their general region; this was not revealed or discussed.
It appeared that the site already owned by Valley Gas was the'only siﬁe
evaluated for safety of the LNG taﬁk because of convenience and expense. In
oral testimony the issues of sabotage‘by terrorists and the acceptability of
the risk were diécuséed; Professor Wilson suggested that flying in an airplane
was a volﬁnfary risk which he could decide to accept or reject whereas at- |
tending school near an LNG tank was an involuntary and continuous risk, about
which presumably the school children anq prior homeowners had no choice. He
felt that regulatory bodies sho;ld be particﬁlarly conservative in piaqing
such tanké in populated areas. |

According to the Chairman of the Public Utilities Commission, the appeal
"board decision would revolve around three questions regarding the tank:

1) Is the facility needed? .

2) Is this the proper location'fo% such a facility?

3) If the facility were placed there, would it be safe?" [45b].

As of November, 1976, the Public Utilities Commission had not ruled on the

appeal.

Providence, R.I. LNG Import and Storage Terminal

Providence sits at the head of Narragansett Bay, a large bay extending
30 miles in from the ocean. It is a péthral location for port facilities.
Fields Point, an industrial complex containing petroleum storage tanks and
located 1.5 miles from downtown Providence, seemed to the gas companies an
obvious place to expand and to construct a large marine terminal for LNG. .
This would include the docks for LNG tankers, revaporization and storage fa-
cilities. Washington Park, a heavily populatred arca adjaceul tu Fields Point,
is eomprised of middle and lower income people who have not usually objected
to industrial facilities in an effective way. The proposed LNG import ter-

minal would be located about 1800 feet from the nearest home and is surrounded
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by the existing oil and gas tanks. The broject initially won the approval of
the Mayor of Providence and the City COuncil. Algonquin LNG Inc. completed
construction on a 600;000 barrel (95,400m3) tank at Fields Point in 1973 and
then requested permission to build two additional tanks of the same size.

However, some locél citizeﬂs, members of the Washington Park Ci;izens
Association, had becoﬁe aware of the opposition to the Cumberland tank and
were concerned by the Staten Island incident. Despite the fact that the first
tank had already been bpilt and the building review board had held its hearing
on the othér two, the City Copncil became apﬁrehensive about LNG and the fire
department worried whether ;t could contain a large fire. The city then
sﬁught to have a safety study fuﬁded by Algonquin Gas. Factory Mutual Research
Corporation of Norwood, Massa;husetts was selected by the.fire department.
Some of those opposing the éanks questioned whetﬂer this study could be ob-
jective and whether industry codes désiéned to guard against frequent small
accidents in which engineering experience is helpful could adequately prevent
rare, large accidents.

The concern over the Algonquin siting dispute was greater than that over
the Cumberland LNG tank for two reasons. Technically, an LNG ship terminal
is a more serious risk than one storage tank. A dike can contain a spill on
land; a spill on sea cannot be contained. Moreovér, the plan was to engage
in interstate commerce which made this a federal matter, subject to the Nation-
al Environmental Policy Act and ip particula; section 102, so‘that the power
of the opposition was correspondingly greater. 1In March, 1972, the Federal
Power Commission had declined to take jurisdiction over construction and oper-
ation of the Everett and Staten Island facilities. In May 1973 this decision
was re?ersed. The deciding factor is unclear, but the Staten Island tank
fire certainly led to increased public concern, and the F.P.C. cited the fact
that interstate commerce was intended. The initial refusal of the F.P.C. had

raised the possibility that tanks could be built for intrastate commerce
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without the need for F.P.C. approval. Tﬁen when interstate commerce was
needed, the benefit of using an existing site might ﬁave outweighed the
‘additional risk. )

The applicaﬁion for the expanéion of thg LNG terminal at Providence was
then conéolidated by the Federal Power Commission with the'appiications for
imﬁdrtationAof LNG into the existing terminals at Everett, Mass., and Staten
Island, N.Y., because many of the issues were tﬁe same. Easco Gas, a firm e
organized by Algonquin Gas and Public Sérvice Electric .and Gas Co. of New
Jersey, planned to import LNG'to sell to botﬁ the Staten Island distributor,
Digtrigas, and to Algonquin in Pro;idencé. Later the cases were separated
by the. F.P.C.

The Federal Power Commission environmental impact review of the Algon-
quin expansion proposal stated that the largest risk, while "remote', Qould
arise in the event of a spill on water. "Under the worst wind condition$
(5-10 mile per hour stable wind from the north) the flammable cloud three
miles in extent could cover the homes of about 10,000 beople located generally
south of the Providence tank'" [46]. Although the likelihood is small, the
resulting loss of life and property from such an occurrence would be great.
The highest likelihood for smaller accidents was in the confined harbor area.
"There is, as yet, not mucb direct experience with the extent of hazards to
the public from the type of LNG import terminal similar to the proposed
Providence facility. However, there is a reasonable base of experiments with
LNG spills, well-founded analytical techniques, and considerable experience
with the transport and storage of other flammable fluids“ [47). Rather than
guantify the risks, the F.P.C. included risk and severity indices, on a linear
scale [rom oné to ten which represented their judgment about a number of risk
factors. These indices were mnot easily interpreted nor were they particular-

ly informative.
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In the application and the draft E.f.S., no attempt was made to compare
the proposed terminal site with pos;ible alternatives or to make a cést/benefit
analysiS'as is required by section‘loz of NEPA. Therefore it seemed to the
opposition that all they had to do was to find a bétter site and point it out
th the authorities. One élternative site at Rome Point, 20 miles souﬁh of
Providence was suggééﬁed. It'is a site approved for nuciear power safety by
the Advisory Committee on ﬁeaCtor<Safeguards of the AEC, But it was not accept-
able.to-the Environmental Protection_Agency for hot watef discharge. It is
‘near a deep wafer channel and seemed a suitabie remote site for an LNG termi-
nal. Moreover, it ié not far from the east‘éuast ﬁain ga§ pipeline. After
this was pointed out and possibly for other reasons as well, theAMayor of

Providence, Joseph Doorley, reversed his stand and opposed expansion of the’

Fields Point oil/gas tank complex.

The F.P.C. Hearings

Formal Federal Péwer Commission hearings were held in Washington in win-
ter 1975 to review the F.P.C.'s environmental impact statement. At these
hearings a number of alternative sites were publicly discussied for the first
time. ﬁowever, the written testimony of W.F. Coates did not contain even
rough benefit-cost estimates for comparison of the alternative sites. Rome
Point was not listed as a potential site, and two otherwise good sites at.
Jamestown and Tiverton, R.I. were rejected by Algonquin Gas because of anti-
cipated resistance erm\lécal residents. (This was an example of the noQ
familiar conflict between environmental preservation and public safety. 1In
the remote siting of the LNG terminal at Cove Point, Marylgnd, this conflict
was resolved when another intervenor recognized the superior claim of public
safety. Had Algonquin anticipated the public resistance in Providence, they

might well have opted for a site in a less populated area.)
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A two day local hearing was then heid‘in Providence on May 15 and 16,
1975. At this hearing the Providence Gas Company stated that it needed the
storage facility to brovide secure‘supplies of gas, which it required to make
up 19 percent of its estimated annual volume that it could not obtain through
national pipelines. About 7.4 million m3 of gas each day were needed, about
half of which could be suppliea by LNG‘(6,OOOm3/day LNG), the rest from SNG
(synthetic natural‘gas) or propane. The proposed terminal would additionally
provide ''more jobs for construction Qérkers and employees §f expanding buéi—
nesses, tax revenue for the city and Encoufaéement for the économy” [48].

At the same hearings Frénces Darigan, Jr., former city councilman, said
"the City Council did not become kno&ledgeable about potential hazards of li-
quefied natural gas (LNG) storage until after it gave assent to Algonquin's
first tank." Councilman Harry A. Johnson said 'svashington Park neighbors
would derive no benefit from the added tank to offset the risks to them."

The chief of the Providence fire department testified that a major fire at the
terminal woﬁld be "a situation beyond the capabilities of the Providence Fire
Department." Although his men have foam equipment and training for fighting
LNG fires, 'the city does not own a fireboat and might have to commandeer tugs
to battle a fire from the Providence River." Fire Chief Michael Moise testi-
fied on behalf of himself and as a representative of the current Mayor, Vincent.
A. Cianci, Jr. His views were '"based on a safety evaluation prepared for the
city, but paid for by Algonquin by Factory Research Corporation“ [49].

These events typify some of the recurring issues in such disputes. There
is no question that the potential risks of LNG facilities are borne principally
by those closest to the facility, while the benefits are derived by the larger
community. Hence nearby residents would usually prefer to site them in some
other neighborhood. Public officials may desire to obtain such facilities for

the benefits they provide, but adopting a conservative position with repsect
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to risk may be politically desirable. Thé self-interest of proponents is
often evidént, but there can also be self-interest on the part of adversaries,
wﬁo may gain reputation and ppblicity as guardians of the public safety.

These factors demqnstrate the need for thorough risk-benefit analyses and

acknowledge the inherently political nature of such disputes in the face of

uncertain risks.

Post Hearing Actions

The Factory Mutﬁal report concluded ﬁhat.with stringent safety.require-
ments the facility would be éafe. They described fhe maximum consequence
accident, which hés only a remote possiBility of occurring, in the following
way : |

"Ignition of a spill covering the entire surface area of the dike could
result in dangerous heat flux levels to people 1300 feet away and in-
sulated tanks 700 feet away if left to burn uncontrolled. If the high
expansion foam system could not control such a fire, the other LNG tanks
would be seriously exposed, particularly if the fire originated at
the proposed middle tank. It is doubtful that manual fire fighting
could be effectively used to keep the other LNG storage tanks cool.
Consequently, if these tanks did fail from exposure, a fire involving
all three diked areas simultaneously could eventually occur. 1If so,
we estimate the safe distance for people would be approximately 3000
feet from the diked area. Piloted ignition of wood (i.e., ignition
source needed) would occur at a distance of approximately 1500 feet
from a diked area and unpiloted (i.e., spontaneous) ignition at a dis-
tance of 700 feet. Under such conditions, we believe a major confla-
gration involving areas outside the LNG terminal could result (e.g.,
Providence Gas Company, Texaco Inc., New England Bituminous Terminal
Corporation, Sun 0il Company, McLaughlin-Moran, Inc. and British Petro-
leum Corp.).

To put the above in proper perspective, we believe there is only a re-
mote possibility that such a spill could occur. Also, it is possible
that the high expansion foam protection would be effective in control-
ling an LNG pool fire.
It is not anticipated that any credible LNG spill and subsequent fire
during LNG transfer operations would pose a thermal radiation hazard
outside the terminal" [50].

Presumably, the lack of a precise quantitative estimate of ''remote possibility"

did not enhance the confidence of the residents of Fields Point about the

safety of the facility, particularly since it is obvious that sabotage might
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achieve this situation.

Because of these risks, additional safety features includiﬁg pre-
stressed concrete impounding walls.surrounding each taﬁk, extending to the
full height of the tank, automatic foam generators, and'resefve water supplies
were added to the degign. Fire Chief Méise in a letter of December 15, 1975
tao Mayor éianci stated.thét the level of risk presented by the Algonquin ter-
minal was now acceptable to the fire department. These safety prgcautions
would reduce the risk of spillé oﬁ land, but again no quantita;i?e estimates
of the magnitude of risk reduction achieved was.givén. Additionally, none
of these meausres would appreciably affect the risk of spills on water, which
posed the greatest hazard to-the citizens of Providence.

After 3 years, on Friday, April 23, 1976, the Providence Building board
of review voted 4-0 to let the préject proceed. 'The Washington Park Citizens
Association immediately sought an injunction to bar the city from giving a per-
mit'[Sl]. The City Council on April 26 voted to block any permit on the
grounds that ‘the members of the Building board were new. In the summer of
1976 the Rhode Island législature passed a law sighed by Governer Noel which
required the Public Utilities Commission and the State Fire Marshall's office
, to hold hearings and give approval before any more LNG facilities are built.
Othgr events, including a large chemical fire on July 21, 1976 at J:F. Donovan
Inc. chemical supply near the existing LNG tank, have kept this issue in the
public eye. The dispute is not resolved and neither the F.P.C. nor the P.U.C.

has ruled on this case.
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VII. Public Concern for LNG TFacilities Siting
I

As we have seen, public concerns significantly influenée and deﬁiﬁe the
decision-méking process. In liquefied hatgrgl gas faciiities siting disputes
both the probonents and the opponents are partially representétiQe of the pub-
lic interest. The risks associated with~LNG facilities are greater forlﬁhose
in proximity to the facilitiés, while the benefité ére shared by a larger
segment of society. Is the risk reasonable for the benefit acérued? To
Qhoh? Can the risk be reduced and is it worth the cost? Again, to whom?
These:are but two questioﬁs of public policy whichvmust be addfgsséd.

The foregoing sectiéns of this. report have outlined some cf the princi=~
pal issues involved in siting disputes. This section will re-examine the
public concerns and is based on discussioﬁs and correspondence with twelve
principals involved in three different LNG disputes, on public heapings, and

on discussions with state and local officials.

Origins of Public Concern

Personal proximity or the proximity of friends or relatives to LNG
facilities was a primary initiator for curiosity about LNG. The Stateﬁ
Island accident led to ﬁhe realization-that LNG énd to some extent LPG have
differences from more familiar petroleum products. Media accounts of this
accident created great concern in those who were close to planned facilities.
The question was raised, although it is not strictly technically relevant,
"if an empty tank can kill 30 people, what can a full‘éne do?" The catastrophic
nature of the maximum possible accident could ﬁot be ignored despite assurances
from gas companies that the likelihood of a major accident was very small and
despite assurances that the facilities had been judged "safe'" by gas company
experts. |

Probabilities which indicated only a ''remote possibility'" of a major
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accident were not reassuring in the face of known smaller acgidents. Dis-
agreement among experts about the likelihood of an LNG disaster also con-
tributed substantially to publié aﬁxiety. Although a great deal was known
about LNG, no definitive overall risk analysis had been carried out at the -
time of thesé disputes. Even noQ such analyses are not agreed upon, although
they can focus the debate on the important Auestions. Nevercﬁeless, the pub-
lic does not generally distinguish bétwéen the comparativély larger likeli-
hoods of accideﬁts with small consequenceé and the very low probabilities of
more severe accidents whén there is uncertaiﬁty about large accidents!

Those who had to bear the risk did not percei?e a tradeoff between risk
and benefit in:a situation where-the riék was not precisely known and where
they seemingly.had no choice but to bear the risk, unless they were willing
to move their homes. 'Since the facilities are l;cated near populated areas,
the number of people continously at risk is large. Even if the need for such
facilities was accepted, a more prudent siting policy, away from densely
habited areas, appeared to the public to be the best approach and the approach
which was most-easily understood to be infallible. The siting of LNG facili-

ties therefore became a focus for public coancern.

Technical Credibility

The primary technical issues have been previously outlined. The judgment
of relative safety was obviously at issue; the proponenfs said the facility

is "safe'", and the opponents believed that the

'risk is too great". -

As with other public policy issues which include scientific and techno-
logical components, there was confusion and éverlap among several distinguish-
able questions:

1. What are the scientific and technological bases for estimating the

eéxpected risks and benefits?
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2. What is the probability of an accident with particular consequences?

Is the estimate reliable?

.

3. Can the risk be reduced and what will it cést?

4. 1Is this risk acceptable?

5. 1Is the distribution of risks and benefits fair?

Answefing the first three questions can require scientific and technological
expertise. They should be answered és well as possiblé with the limitations,
assumptions, and uncertainties indicated. The last questions are almost
'éntirely,queStiAﬁs of individual preference aﬁd of public policy. However,
until the first three questions‘are.distinguished,Athe ove;lap between all
of them can be so great that attempts to answer them simultaneously may mean
that none are adequately answered.

Part of the reason that these questions are confused is due to the in-
dustry belief that the public only cares about "safety" in a yes/no manner.
This is suggested by the fﬁllowing quotatioﬁ from an Office of Pipeline Safety
Report: '"'The AGA (American Gas Association) has not taken an active role in
informing thé public about LNG. Probably this is because the public is not
interested in the technological aspects but primarily in 'Is'it safe?' 1Indus-
try recognizes‘that the public, with a general suspicion of 'big business'
might Qell become more concerned and suspiéious if industry undertpok a ma-
jor public relations effort on the safety of LNG operations" [52]. The
public clearly does care to understand how the safety judgment is’made. In
the Cumberland case the President of Valley Gas didn't admit to the slightest

. possibility of an accident, thus undermining pﬁblic confidence in his state-
ments.

When the judgment of "safety" is in doubt, as i;.certainly seems to be
for LNG siting, the public is very interested in having answers to technical

questions. They are not just interested in being told "It is safe'. Although
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they are not technical experts, the public intervenors were capable of
understanding the technical issues ana appreciative of the areas where greatei
technical knowledge was required. ‘It is undoubtedly true that the public
might well Become suspicious if subjected to a '"major pﬁbli¢'relations effort”.
What is needed are not public relations campaigns but the presentation of

facts and background on the issues.

Where possible the public should participate in the.decisions as early
as feasible, in this case prior to site sglection. The development of national
siting gﬁidelines fqr major import términals ;ould be helpful, but local or
state interests should still have control in siting judgments. Perhaps the
governor should have final authority in siting LNG iﬁport facilitiés; in
a manner analagous to approving large airports or ports. Although the early
presentation of élternative sites may have higher costs for the gas companies,
the public interest would best be served and the approval process speeded by
allowing early discussion of potential sites. (This obviously raises the age=
old question of local versus central decision making, which is only partially
addressed here.)

Precisely because the acceptability of a risk is a judgment, it ap-.
peared to the remonstrants that LNG préponents either had different factual
information than that available to them or that biases of the proponents led
them to their "safe" interpretatiOu.b The intervenors thus felt that the
technical issues ‘and the decision-making process had to be subjected to pub-
lic scrutiny.

Some of the issues mentioned during discussion with intervenors and ex-
pressed at public hearings may be paraphrased as follows:

{If one LNG tank fails, and we know of examples of accidenté,»then why
won't the tank near me also fail?] Details of tank construction and design are

not usually pointed out in the press releases about accidents. The result is
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that 211 LNG tanks become suspect, even if the failed tank might have been

unique in design or in materials which contributed to the failure. By the

y

same tokén it doesn't follow that all tanks with similar characteristics will
be safe.' The limited statistics available for LNG facilities don't necessaril?
characterize a néw facility. Previous accidents are, at leést, indicative of
tﬁe ungertainties in our knowiedge and of thé geﬁeral safefy associafed with
LNG facilities.

[The British practice has been to site LNG storage ﬁanks the same size
as that proposed a minimum distance of 2000 ft between the nearest occupiea
building and the LNG storage tank. Why did the expert froﬁ a privaﬁe con-
suiting company appearing on behalf of the gas company pick 950 ft for the
Cumberlandltank?] Differences in siting codes aqd criteria applied in spe-
cific situations are not always recognized. The result and interpretation
of this safety-calculation was subject to disagreement by éeveral other expert
witnesses. The disagreement among experts was in the criteria to be applied

in judging a '"safe" level of thermal radiation outside the site boundary

-should a large pool fire occur. However, this was never clearly stated in

reports or testimony. To the public and to at least one member of the zoning
board it seemed that the scientific disagreement was over the veracity of the
950 foot 'safe" distance and over the factor of safety which shouid apply to
that calculation. 1In the background was the feeling of the experts for the
intervenors that it would cost little to be cautious in the Cumberland case.
The gas company never put a figure on the cost of having the tank on another
site. Residents between 950 and 2000 feet were obviously interested in the
"safe'" distance and felt that the gas company should have indicated pos-
sible uncertainties in their quoted number.

[(The deafhs which occured in the Apollo space project are an example

that mistakes can always happen no matter how safe the project. Something can
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always be overlooked and we all know thag safety precautions are not always
téken. ] For example, at the Providence, R.I. LPG terminal, a ship was ob~-
served unloading scrap metal adjacént to a ship unloading LPG. There was no
apparent site security, nar was fire fighting apparatus visible, although it
may have been present. Such observations dé'nOC enhance public confidence in a
safety judgment which may be based on such precaﬁtions being taken. (It is
true, however, that risk assessments shoula allow for humén error, and this
raises an inﬁeresting dilemma: the best safety precautions are éftgn in-
visible and harder therefore to éabotage. Yét pubiic visibility of safety
procedures enhgnces confidence and perhaps reduces the likelihood of sabotage.)
Further concern with fhe thoroughness of precautions was mentioned.
{ Should there be an accident, could we cope with it?] There was doubt that
fire‘departments are eduipped to handle LNG fires, although training and pro-
per equipment certainly can improve the situation. The following quotations
reflect this concern: "A determination as to whether the local Fire Depart-
ment would be effective in fighting a LNG fire has not been able to be made
at this time. The New York Fire Department admits that it does not have the
firefighting experience involving large tanks such as the ones projected for
this project" [53]. In Cumberland, R.I. the Ashton Fire-District Wardens said:
"The Ashton Fire District is not equipped to éope with any LNG fire" [54].
In the port at Providence, where there is an LNG iwport facility, there was
no fire boat or plan for dealing with an LNG spill on water. As quoted pre-
viously the Chief of the Firé Department had testified that a major fire at
an expanded LNG terminal would be "a situation beyond the capabilities of
the Providence Fire Dépa;tment" [49].
There was general concern for the rigor of safeﬁy evaluations which had

been performed. On February 12, 1974 the Providence Journal editorialized:

"The safety aspects of the LNG tank construction permit should come
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under more exacting requirements énd informed challenge. éince the

wind direction is such a crucial factor in an LNG accident, should not

the Fields Point LNG tank site be subject to as exhaustive a meteoro-
logical study as is the Charlestown site for a proposed nuclear plant

in a rural area? If all life and property is lost wherever a lethal

LNG vapor cloud-drifts and ignites, then the application for construc-

tion should include public safety and health requirements all as rigorous

as those demanded in nuclear plant construction' {55].

Some intervenors have interpreted the potential aéﬁident risk from LNG fa-
cilities to be greater than those of nuclear power or have suggested that
sin;e both.involve potentially-laége accidents, and nuclear plénts'are sited
remotely that LNG plants shoﬁld also be sited remotely. In this case the
concerned citizen may have been comparing consequence estimates Qithout con-
sidering their likelihood. Present LNG terminal siting Eriteria are based on
a "maximum dike fire scenario’ and nuclear power plants are designed to pre-
vent '"a maximuﬁ credible accident". We are not sure whether these are coﬁ-
parable. But it does seem certain that LNG can be made much safer than nu-
clear ﬁower plants. A nuclear power plant in a remote site may be safer than
an LNG terminal in a city, but if both are in a remote site, LNG can clearly
be safer. (Again, if both are very safe, the small difference seems aca-
demic).

[ What about accidents which are never reported? How can we judge safety
or believe the gas companies when we are told 'it is safe' and then find out
about accidents?’ We are capable of separating minor accidents from major onés,
but we won't believe it when they tell us their safety.record is perfect. ]
This is an important question which is basic to the credibility of any in-
dustry. "The LNG industry, however, has ﬁét been without its minor incidents,
many of which may have gone unreported to local authorities or regulatory
bodies either because no injury or serious damage resulted, or because the
magnitude of tbe incident was relatively small and it‘was haﬁdled internally

without recourse to outside response personnel. The industry had mixed feel-

ings about an incident reporting system, however. It appears that the industry
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No. OPS-14" [8].

of obtaining reports on LNG safety are

proponents to juétify facility safety.
fact that the data on which the safety
the time, and the analytical models had
-refereed journals. In the case of the
a "somewhat intensive public relations

several letters to local residents and

which some of their expert consultants
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would be recepti&e to a 'minor incident'.annual reporting system if 'minor
incidents' were well defined so that no misunderstandings and differences in
' interpretation could arise among LNG operators. On the .other hand, the in-
dustry felt that 'serious incidents"éhould be reported éndvinvestigated in
detéil in thé manner that major gas distribution pipeline fires and explo-

sions are. Again a very precise definition of & 'serious incident' should be

appear to be aware of the fact that

‘LNG leaks are presently feportable under CFR 192 Amendment 192-12; Docket

It should be noted that a probabilistic risk analysis incorporating

1"t

fault tree and event tree analysis techhiques cannot be improved unless "mi-

nor incidents' are consistently recorded. Incidents which occur during con-

struction, start-up, maintenance, or close—aown must also receive more atten-
tion and likewise be reported. If this had been done, the public would find

the safety record of the LNG industry much wmore believable.

The difficulty of obtaining facts from local sources and the difficulty

cited several times. TIntervenors -

found it difficult to obtain information and even their expert witnesses seemed

to have considerable difficulty in obtaining reports which were used by the

Part of the reason for this was the
claims werc based was unpublished at
not been subjected to peer review in

Valley Gas Company in Cumberland, R.I.,

campaign' was conducted which included

newspaper advertisements. One month

before the zoning_board of review Valley Gas held an informational seminar at

were present. According to local re-

sidents who were present, this meeting was the first time they could obtain




-7t~

much of the factual information they desired, and this meeting alone was far

more effective than Valley Gas' public relations and advertising campaign.

N

A Matter of Trust

Trying to obtain information ;nd Qnderstand the bureaucracy in an LNG
facility siting dispute can be time consuming, frustrating, and costly. Ob-
taining information from gas companies or copies of unpublished papers pre-
sented ét conferénces can be difficult. Finding expert witnesses and organi-
zing legal cases (fof either the -proponents of oﬁponeﬂts) can be e%pensive
and exhausting. Figuring out the regﬁlationsAand the jurisdictions of the
Fedefal Power Commission, Office of Pibeline Safety Operations, Environmental
: Protection Agency, Corps of Engineers, U.S. Coast Guard, Occupational Safety -
and Health Administration, and of state and local agencies can be nearly
impossible. The lists given in Table 8 and 9 apply to Oxnard, California.

A gas company considers'many factors in selecting a site for a facility.
The site must be capable of containing the tank, its dike, and associaéed
plants. It needs to be accessible to roads if LNG is to be shipped by truck,
or to a deep water port if it is an import terminal. It should be near to a
pipeline, the land must be available at a reésonable price, and the environ-
mental impact of the facility wust not be too detrimental. Safety is only
one of the many elements in the gas company's site determination. It is con-
cerned with its responsibilities to consumers, workers, stockholders, the.
general public and its neighbors, as well as with its public image.

The gas consumer wants a secure and low-cost supply of gas. The person -
who resides near to an LNG facility is interested in all of the above con-
siderations but‘dqes not wish to bear an unacceptable -level of risk or see
his property values énd quality of life deteriorate without jﬁst compensation.
‘1f he disagrees with the judgment of the gas company, he faces a formidable

task. In the worst case it can appear to him that:
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Table 8

AGENCIES AND

THEIR JURISDICTIONS

LNG TERMINAL, SHIPPING

AND PIPELINE *

(Oxnard, Califor

Agency

Federal

nia)

Jurisdiction, Statutes, Codes

Army Corps of Engineers

Construction of dock facilities,
dredging, and pipeline cr0531ngs
of navigable waters - River and
Harbor Act of 1899, Section 10.

Certification from state required

Environmental Protectlon
Agency

Department of Transportatlon
U.S. Coast Guard

Department of. Agriculture
(Mineral Lands Leasing Act)

Department of Defense.

U.S. Naval Construction
Battalion Center, City of
Port Hueneme

Department of Interior

*Taken from Reference 21, p. 369.

to insure compliance with state
plans for land -and water use
programs for coastal -waters and A
shorelines ~.33 CFR, Section 209.120

Issues permits for wastewater
discharges - Federal Water Pollu-
tion Control Act.

Reviews air water and noise impact
on environment - NEPA 1969, Clean
Air Act, Noise Control Act.

Approves design and operations of
dock facilities; approves vessel
operations, regulates safe shipping
practices - Dangerous Cargo Act;
Ports and Waterways Safety Act.

Permits for right-of-way through
National Forest and for road
construction. Control of con-
struction practices.

Determination as to whether marine
facilities would interfere with
military operations at Port
Hueneme.

Reviews impacts on environment.

a
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Federal Communications
Commission

Federal Aviation
Administration

Federal Power Commission -

Occupational Safety and
Health Administration
Department of Labor

U.S. Public Health Service

State of California

California Coastal Zone
Conservation Commission

California Regional Water
Quality Control Board

California Public Utilities

Commission ,

~Department of Fish and Wildlife

Division of Industrial Safety

Certifies all communication
equipment. Permits for radio
towers. ’

Reviews terminal .designs to
determine if hazard to aviation:
would be created.

Approval for construction or
operation -of any pipeline or
related facility for the transport.
of natural gas in interstate.
commerce - Section 7(c), Natural
Gas Act, Title 18 CFR.

Approval of facility if in
compliance with OSHA regulatioms.

Issues certificates after review-
ing design plans which relate to
sanitation features gnd construc-
tion prevention of communicable
diseases, and deratization of the
ship.

Permits for soil test borings,
plant siting,and construction.

Discharge permit for dewatering
and hydrostatic test water from
LNG site and pipeline and cooled
discharge from vaporization.

Certificate of Public Convenience
and Compliance with Construction
Standards.

Permits for changing, obstructing,
or diverting any river or stream.

Industrial Safety Permits (for
excavation and buildings) and
State of California OSHA compli-
ance permits,
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Division of Highways

Oxnard Harbor District
The'ResQurces Agency

State Land Division
State Lands Commission

chal

" Building and Safety Department,
City of Oxnard

" Fire Department,

City of
Oxnard .

Planning Department, City
of Oxnard

~

Ventura County Air Pollution
Control District

Ventura County Building and
Safety Department

Ventura County Fire Department

Ventura County Flood Control
District

Ventura County Pianning

Department

Ventura County, Los Angeles
County.,, City of Oxnard,
City of Camarillo, City of
FPort Hueneme

Los Angeles County

Permits for road access, road
arrangement, and entrance.

Port Warden approval of fire and
safety equipment and design of
dock.

Permits and easements for electric,
gas, water, sewer, telephone, and
utility lines on state land.

Approval to purchase/lease state
lands, if necessary

Permits of geological and geo-
physical surveys.

Building permits - LNG transfer
and seawater exchange lines.

Approval of LNG Transfer.Line
Leak Detection System.

Use Permit

Pipeline excation permit and
permission to obstruct “traffic.

Permits for construction and
operation of LNG storage tanks,
gas-fired vaporizers,and other
plant equipment. :

Building and grading permits.
Construction permits for all tanks,

Approval of Fire Protection Systems.

Approval of storm and flood control
measures,

Zoning Change and Special Use

. Permits

Pipeline construction excavation
permits and permission to obstruct
traffic. :

Compliance with local air quality
standards.
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Table 9

STANDARDS APPLICARLE TO THE CONSTRUCTION AND OPERATION
OF THE PROPOSED LNG PLANT AND MARINE TERMINAL
(Oxnard, Callfornla)

Title 49 CFR, 'Part 192 - Amendment 192- 10, Liquefled Natural
Gas Systems and Part 192 Safety Standards for Transport of

. Natural Gas by Pipeline.

American Association of State Highway Officials‘(AASHO).

‘American Society of Mechanical Engineers - Pressure Vessels.

American Society of Civil Engineers'- Wind Forces.

American National Standards Institu;e;-vafious-standards in
the areas of Civil Engineering, Lighting, Instrumentation,
Mechanical Engineering, Noise, Sanitation, Materials Handling.

American Concrete Institute (AGI) Spécifications for Structural
and Reinforced Concrete Construction.

American Institute of Steel Construction (AISC),

American Petroleum Institute (API); API std. 620, Appendix Q,
1973 and API std 2510A.

American Waterworks Association.

American Society for Testing and Materials ASTM: Concrete and
Structural Steel Standards.

Diesel Engine Manufacturers Association.

Hydraulic Institute Standards (HIS); Pump Standards 1969.
American Gas Association; AGA Gas Engineers Handbook-Purging.
American Weldiﬁg Society ~ Structural Welding Code.

USCG Regulation - CFR Title 33 Security of Vessels and Water-
front Facilities.

National Board of Firefighting Underwriters.

National Fire Protection Association (NFPA); NFPA No. 10 (1972),
Installation of Portable Fire Extinguishers.

* Taken from Reference 21, p. 373.
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18) NFPA No. 30 - Flamﬁable and Combustible Liquids Code.

19) NFPA No. 59A-1972; Storagé and Handling of LNG.

20) - NFPA No. 70-1971; National Electrical Code.

21) NFPA No. 77-1972; Static Electricity. -

22) NFPA No. 78-Lightning Protection Code.

23) NFPA No. 87-1971; Piers and Wharves.

24)° NFPA'NO. 90A-1972; Air Conditioning and Ventilating Systems.
25) NFPA No. 19431968} Screw Threads for Fire Hose Couplings.
26) 'NFPA No. 19631972;:Fire'H§se. .

27) Occupational Safety and Health Act - Title 29 CFR, Parts 1910,
©1910.23 and 1926. ,

28) Uniform Building Code - Zone 3.
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A decision has been made by the gas company and then experts are hired
to justify that decision. Few alternatives, if any, are considered.

Business interests support the gas company because it is a matter of
economics and future gas supplies; jobs count for more than the safety
of unknown individuals; economics supersede ethics.

Gas company officials don't live near the facilities, so they are not
really in the position of nearby residents. Employees are paid to ac-
cept this risk while residents are not compensated for it.

Government officials don't wish to offend business interests. Perhaps
they are not competent to judge the risks or they are not cognizant of
the real risks or they are corrupt.

Furthermore, it is not clear who would be held liable in the event of

an accident, since the owners of port terminal facilities and LNG tankers
may be holding companies with no real assets other than the facilities
themselves, ' ' : ‘
Finally, experts who work for consulting companies are reluctant to pub-
lish or make controversial statements about safety issues, since if they
do, their firms will not get contracts from industry.

For the public concerned about LNG safety and for those who bear the risk,

the ultimate judgment of a facility's safety becomes largely a matter of trust.

Equity Issues

In more than one case LNG facilities have been sited in areas surrounded
by lower income residential neighborhoods and ather industrial'facilities
which also impose risks and inconvenience on those Iiving nearby. These
groups feel that they should not be required to bear any additional risks. As
the public becomes increasingly aware of its rights, the LNG industry is like-
ly to find itself in the position of those wﬁo wiéh to build large airports
or highways near cities. How then can we ensure that this:energy source will
be made available and that the risks, costs, and benefits of LNG facilities
are fairly diséributed?

As we have indicated, opeﬁ public discussion of the safety issugs would
increase public confidence in the decision brocess. The development of

national safety standards and facility siting guidelines would greatly assist
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those state and loca1 agencies which do ﬂot havelthe staff, expertise, or
finances to determine the risks and appropriate guidelines indgpendeﬁtly.
Additional engineering safety meas;res will help, but siting LNG germinéls
in less densely populated areas would ensure that the.risks are réduced and
woula result in the costs being borne by those who use the gas. The propor-
tional increase in already expensive LNG costs due to more remote siting may
.well be worth the enhanced public ‘safety énd may be desiréble because of its
" more equitable interﬁalizationxqf costs to those who benefit. Those who wish
to site LNG terminals in more populated areas should demonstrate its advan-
tages or disadvantages via a risk-cost-benefit comparison among the feasible
alternatives. Then we may see more clearly the tradeoffs involved and present

them to the public process.

Public Percep;ions'of Risk

From our case studies of LNG.facility siting disputes and from our
“knowledge of other societal decisions involving risk, we can construct a
set of more general questions which reflect public concerns over risk situa-
tions. These questions are of importance in the formulation of public policy
and indicate some of the diverse concerns which are likely to arise when
risks are considered. Public concerns over risks arise from three sources:
1. known, measured risks which have occurred in the past and might oc-
cur in the future;
2. risks of a potentially catastrophic nature;
3. risks which conflict wigh strongly held values such as aesthetic,
ecological, or life-style beliefs.
- ANy of these can serve to arouse and sustain public attention. Once this
concern has been stimulated, a number of judgmental factors will determine
the response, and public attention may become focused on details which other-

wise might seem to be trivial in comparison to other issues. A list of
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questions which seem generic to many societal risks, including LNG, may be

paraﬁhrased as follows:

1.

What

.

are the scientific and technological bases for estimating the

expected risks and benefits?

What is the range of disagreement over these basic facts?

What is the experimental basis for these facts?

. What is the theoretical basis for these facts?

What direct experience do we have with the same or similar
systems?

‘How do these facts apply to the specific design ov situation -

being assessed? :

Have these facts been subjected to scrutiny by other experts

.in the open literature?

is the probability of an accident with particular consequences?

Is the maximum accident of a catastrophic nature? Can its

probability of occurrence be reliably determined? [To most
people the magnitude is more important than the likelihood.
In other words, "it's not the odds, it's the stakes!"]

Is the risk properly calculated? Have the appropriate quan-
titative methodologies been applied?

What is the uncertainty in the risk estimates? [Any uncer-
tainty leads to anxiety about vulnerability, particularly for
high consequence risks.]

Will the safety precautions be taken? What happens if they
are not? Have all important common mode failures been con-
sidered in the risk analysis?

What are the latent or delayed consequences?

How will the likelihood of an accident change with time or
with prior planning? '

What provisions are there for updating the accident data base
and re-evaluating the risks based on further experience?

For how long a time period is the risk calculation valid?
Are there any circumstances under which the risk analysis would

would not apply? Have sabotage or deliberate acts been con-
sidered? :

Can the risk be reduced and what will it cost?
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Does the risk level depend ‘on physical safety precautions or
on people? Which precautions are more .failsafe than others?

Are the consequences irreversible? Could we cope with an ac-
cident or mitigate the results of an accident?

Is there any experience or accepted prevailing practice for
standard setting? What agencies, jurisdictions, and safety
codes apply? Are they adequate? i

What groups will obtain the benefits? Can the benefits be re-
duced to lessen the risks?

What groups are most likely to bear the consequences? How
do the consequences vary for different groups?

Can affected groups be appropriately compensated for bearing
an ircreased risk? :

What options are open to those who do not ‘wish to enjoy the
benefits or assume the risks?

Is this risk acceptable? 1Is the distribution of risks and benefits

fair?

a.

b,

Has a clear statement of both the benefits and risks been made?

Is the risk to each group worth the benefit gained? What are
the specific risks and benefits to each group?

Is there a choice among alternatives? Were alternatives seri-
ously considered? What are the risks and benefits of the al-
ternatives? How do they compare to the original proposal? A-
part from related alternatives, might there be completely dif-
ferent ways to achieve similar benefits without these risks?

Do the affected groups have any control over the risk situa-
tion? Over the design process?

Is the risk voluntarily assumed?

Is the risk visible? Is it continuous or intermittent? Will
I be aware of it?

Is the risk familiar?

Is the consequence immediate or latent? How is the future to
be ''discounted'", if at all? [Latent risks seem to more ac-
ceptable since the benefits are enjoyed today. Smoking is a
prime exauple.] I8 discounting possibly large future risks
(or benefits) a wise policy?

What are the project's future implications? Will other fu-
ture options be foreclosed?
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j. How do the potential risks and benefits compare to similar
risks and benefits present in today's society?

k. Who is responsible in the event of an accidént? Will his as-
.sets and insurance cover potential liabilities?

1. Is the decision proéess fair?
m. Hés thé public been able to barticipate in an effective manner?
In practice, the answers to many'of these questions will not be accurate-
ly known. However, for-situations in which we are inevitébly dealing with
uncertainty, knowing fhe appropriate qhgstions and défiding ?he limits af our
kno@ledge can by itself provide significant inférmation and cénstraints for

decision-making.

Recommendations

A previous section has discussed the potential riské of LNG and has re-
commended further research on LNG safety. . The pfincipal récommendations
from.our studies of the public participation in facilities siting disputes may
be Summarized as follows:

® The number of ageﬁcies con;erned with LNG terminal siting is large. Be-
cause of overlapping jurisdictions, the lack of national guidelines for siting,
and the unresolved safety issues the process 6f approval has been lengthy.
For each LNG import terminal ‘at least.elevén federal agencies and twice as
many state and local bodies‘are involved in the approval process. These juris—'
dictions and the regulatory responsibilities should be clarified and a clear
national policy on LNG'importation established.

® National LNG terminal siting guidelines should be established, not to
preempt any of the regulatori-agencies, but to'provide them with the infor-
mation they need. These guidelines should distinéqish whether they are in-
tended to protect against fatalities, injury, or inconvenience in the even;iof
"design basis" accidepts. " The guidelines should be developed in a manner such

that they can be implemented by state or local agencies, who should retain
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the right of ultimate site approval in order to ensure that specific local
conditions are taken into account..

® Qur case studies have indicat;d that the public has encountered diffi-
culties in obtaining reliable information about proposed facilities and that
public groups, including state and local governments; often lack the finan-
cial resougces and ‘organization to obtain knowledgeable and impartial techni-
cal advice. Federal guidelines woqld help provide informétion but these dif-
ficulties will, nevertheless, ﬁersist under the cu%rent regulatory ffamework.

o Thé early preéentation of feasible,alternative sites and open publicA
discussion of the costs, risks, and benefits of these alternativeé prior to
the gas gompany's selection of a "best" site would both inéréése the decision
options and lead to greater public confidence in the selection process. The
exfra costs incurred in publicly presenting feasible alternatives would proba-
bly have already been repaid by speedier approval and by enhanced public ac-
ceptance of this technology.

® The. possibility of sabotage must be introduced into any risk assessment
and considered in siting of facilities. So far, this has been largely omitted.

® Detailed contingency plans, training, testing and review procedures, and
criteria for decisions under accident conditions need to be developed and
scrutinized.

® Research results should be published in the scientific literature and
disseminated widely to the public before they are used to justify safety de-
cisions. Clear discussions of the technical issues are neceded.

® Roughly 10 or fewer major LNG import/receiving terminals will be required
to import the volumes expected by 1985 (2 trillion cubic feet of natural gas
per year). Because these are basically regional facilities an effort should
be made to publicly séléct an inventory of suitable alternative sites within

each coastal region. The risks, costs, and benefits of the best of these
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alternative sites should then be publicly presented, so that all relevant

concerns, including safety and land use planning, may then be taken into ac-

- count.

® Finally, and perhaps most importantly, procedures acceptable to the pub-
lic for evaluating risks and benefits must be found. These should include local

comparisons as well as societal comparisons with other energy and industrial

facilities.
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VIII. LNG Decision Making

Decisions regarding the use of }iquefied natural gas and the siting
of LNG facilities must consider a number of factors relevant to diverse
interest groups. The hasis for previous decisions appears to have been
-inadequately presented to the public, and the decisions may not have
achievea the most satisfactory{compromises among the parties coﬁcerned.
Situations in whicl the decision process has lacked clarity'may have been
acceptable‘when the scope of LNG operatipds were sﬁall, but there -is signi-
ficant éxpansion underway or planned on both the east énd west coasts. Be-
cause LNG facilities will occupy large areas and provide.a small but non-
negligible fraction of the U.S. total energy supply, more detailed informa;
tion and bettef ﬁethods for decision. making are required.

The most recent environmental impact statements and reports issued by
tﬂe Federal Power Commission {21, 57] and California agencies [58] for the
proposed California import terminals at Los Angelés, Oxnard, and Point Con-
ception represent large advances over their counterpart reports issued for
east coast LNG facilities. Thgse themselves represent advances on the ab-
seﬁce of repofts as recently as four yearslaéo. Even so, none of the existing
reports we have read, which comprise thousands of pages offdocumentétion,
attempts to structure the information ihto a format which could be assimila-
‘ted by a decision maker. Neither has the material Been presented in a man-
ner such that the recommended tradeoffs are clearly substantiated by the
information given.

It is well known that there are uncertainties in our present knowledge
of ING accidont rioks, iu.Lhe future cost and availability of alternate fuels,
in the costs and.risks of switching to other fuels, in the effects of energy

conservation on demand, in the effects of gas curtailments on employment and
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productivity, in the environmental imﬁacts and costs of LNG facilities, in
the risks of cut-offs or unavailability of foreign LNG éupplies, and in the
pubiic_acceptability of Lhis fuel source. Since the time scale of these
projects is twenty-to-thirty years and the present costs of LNG are high,
these uncertainties may be important for'determining our sdale.of commit-
ment to LNG. Further, it ﬁay be thét some.decisions.foeruture expanéion
could wait'until some of the uncertainties arevresolved.

" In this chapter iF is'our aim to provide a review of some of the
questions which need to bé answered and to'sﬁggest decision analysié_frame*
works for considering two LNG decisions: the siting of an LNG tank in
Cumberland,.Rhodé Island, and thevdevelopment of large-scale Alaska-Cali-
forhia LNG operations comprising pipeline, tankers, and terminals. Before

doing so we will review'the context in which LNG decisions are taken.-
a

The Scope. of the Problem

| Any deciéion fo use LNG requires establishing the need for supplemen-
tal supplies of natural gas. On a local basis the relevant information is
presented by the local gas company. It is probablonutside the scope of
zoning boards to go beyond verifying local gas needs. However, for import/
receiving terminals expected to supply a wider area detailed projections
are importanf. Once an initial need is established, the projected‘demands
over the life of the facility should be accounted for. This is where uncer-
tainties will arise. Environmental and socio-economic impacts of the pro-
posed facilities are then considered, and cost and benefit streams are de-
rived over the lifetime of the operation. These data enable the cost, risk
and benefit tradeoffs to be made explicit and the net benefits or a matrix

of costs and benefits to be evaluated. For an LNG facility siting is the

chief determinant of these impacts. It is the siting decision which has
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caused most of the public disputes, since most interest groups have generally
conceded the immediate need for the gas.

The primary objective of iNG systems 1s to provide a reliable supply
of natural gas which otherwise mighf.not be available. In order to judge
wﬁether the costiy capital investment iﬁ LNG systems is justified, the e%teni
. of the need must be wéil estabiished. For a local decision, as in Cumberland,
the data presented by the loéal gas company has usually been accgpted without
. much questjon, but for decisions affecting.regiona; or national supplies, as
in California, the information-on supply énd distribution needs to be well-
developed énd regionaily disaggregated. The effects'bf uncértainties in
regional supplies and in cos£s of alternative fuels must be estimated over
the life of the facility. It has been assumed that existing gas pipelines
and distribution networks will be utilized whére possible and that the
amount of new pipeline should be minimized. However, for certain siting
disputes it may be desirable to build additional or longer pipelines in
order to lessen local risks or to minimize specific environmental impacts
by siting the facility farther from gas markets. For this reason the costs
and impacts of alternative pipeline routes and alternative sites need to
be spelled out in each case where a facility is proposed.

Although gathering informatioﬁ and developing cost-benefit estimates
for alternatives may be difficult, it should gc done in order to arrive at
the solution with the greatest net benefits to society.' If élternatives
are not publicly proposed for a specific projgct, there are always the im-
plicit alternatives which may be overlooked. Often these are arguably out-
side the scope of decision making, but they should be examined if only to
demonstrate that LNG is the preferred energy option. Proposers of LNG fa-
‘cilities imply that other options are less desirable or less feasible. For

example, they assume that switching to other fuels not distributed by the
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~ gas company (e.g., oil or electricitys would be more costly to society than

" building LNG facilities and thét the adverse effects of conserving gas by
cutting back on its wasteful us; would be more costly than paying for higher-
priced LNG. It may not be the obligation of the gas cﬁmpany whose job is

to provide for our gas needs ‘to justify these assumptioné, but information
of this gaturé should be'considered by any decision maker;

More importantly, new SUppliés of gas miéht becoﬁe availaﬁle within
the lifetime of the>proposed LNG facilities, thus reducing their net benefit_
to society. If natural gas prices are derégulated; it is possibie that do-
mestic production will rise to higher levelé ten years hence. In the(future,
susstitute or synthetic natural gas f;omApetroleum or coal may also be
developed successfully or the costs of methanql production may drop. Since
we are considering large-scale LNG systems lasting for thirty years, it is
sensible to suggest that these opfions might affect the fﬁture costs and
benefits streams. These possibilities should not be neglected. from the
immediate perspective, ali too prevalent in decision making, .the need for
LNG has been established, and judging from 1975-76 and suggested 1977 cur-
tailments, additional natural gés supplies are indeed desirable. Nevertheless,
the scale and timing for development of LNG facilities may depend on answers
to some of these questions which will only be known in the future. |
The reason for understanding the necessity for additional gas supplies

becomes important when lead times for developing LNG facilities are con-
sidéred and compared to the lead times for supplying alternate fuels. The
planning and approval process can take sevefal years itself, followed b?
three-to~four years to construct an LNG terminal and bring it into production.
In the short term LNG may in fact be easier to implement than other  fuel
supply options, since the technology is known and gas supplies are available,

whereas other options have even longer lead times and greater technological
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uncertainties. From this point of viéQ LNG is desirable, but can we supﬁly
the required amounts?

One po;sible limitation o; LNG iméorts might be the ability to éon—
struct enough LNG tankers to meet the worldwide demand. However, present
estimates indicate that there is adeqhaté LNG shipbuilding capacity to pro-
vide the necessary tanker fleet to ship all thé.supply. Whether or not
the supply will be adequate is -an open question. Japaﬁ and Western Europe
are expectéd tq.be large’cdnsumers of worldwide LNG supplies, and it is
possible that:combined demands‘may exceed.the foreigé production capacity
after 1985. Moréovgr, a nqﬁber of LNG contracts have been gepegobié;ed to
account for rising prices, and it is expected that ﬁhe price of foreign
LNG will be closely tied to that of oil, affeqting the price to the U.S..
consumer. For foreign supplies the possibility of an embargo, sabdtage,
or other shutdown of the liquefaction plant is also present, although it
must be notea that during thé Arab 0oil embargo éf 1973 Algeria, an Arab
country, kept its contractual commitments to supply LNG as far as the state
of repair of its facilities allowed. The operational reliability and finan-
cial status of goreign supplieré may be outside of U.S. control. Thus,
competition, national sécurity, foreign policy, and the balance of .payments
may well limit the quantity of our LNG: imports.

In August, 1976, the Energy Resources Council asked for an upper limit
of two trillion cubic feet per year of gas from total foreign LNG imports
by 1985 (i.e., about 92.9 million m3 of LNG) [61]. About 0.4 Tef/yr. are
already approved and current applications could exhaust the reméinder. Fur-
ther, for security reasons the imports from any one country would be limited
to 1 Tcf/yr. Import projections for the.East Coast in 1985 are .87 Tcf/yr.
(trillion cubic feet per year) and for the West Coast at least 0.2 Tcf/yr.

(21, 62]. The gas industry would like the U.S. to import up to 3 Tcf/yr.
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to supplement domestic gas production which has been declining since 1973
when 22.6 trillion éubic feet were produced.» By 1990 over half the pro-
duction must come from reserves‘yet to be discoveredi In 1985 the total
U.S. gas supply is expected to be about.20 trillion cubic feet per year,
.ipcludingvimported LNG.

Future decisions on how LNG is to be priced may affect the desira-
bility of large-scale LNG systems; The price of LNG is now.arolled in"
to the existing price on a percentage basis. Since LNG‘.represents only
a small fraction of existing sﬁpply, the price to. the consumer using gas
4 éuppliés.supplemented Sy LNG has not escalated dfamatically.A It is likely’
that future LNG prices will‘continue to bé ”rolléd in".  However, the |
actual price may be politically regulated both in this countrf and at
the well head, so calculations of costs and bénefité shouid incorporate
a range of possible prices.to judge the sensitivity ofAthese assumptions.
The expected demand will also be correlated with thé price to the con-
sumer. Therefore, fair pricing of LNG will pose interesting problems to
the regulatér as well as to the analyst trying to calculate the costs and
benefits of LNG and alternate fﬁel options. Regional variations in pipe-
line transmission costs and in availability of other fuels may significantly
influence the distribution of costs and benefits.

In light of high capital costs and concern for LNG risks, the marginal
cost of increased safety precautions, including.remote siting, may prove
to be small in comparison to total costs. Decision makers will have to
judge parefully whether the risks. and benefits are fairly distributed,
especially among those who reside nearest to LNG sites. It should be deter-
mined if those bearing the increased risks are entitled to coﬁpensation in
the form of reduced taxes, rebates on fuél costs, or by having a proportion

of their property and accident insurance paid by the gas company. Of
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course, we see no reason why LNG facilities should be singled out in this
way and these considerations could apply in the future to all hazardous
- or environmentally objectionable facilities. For LNG facilities, such coﬁ—
pensation could be determined by a simple forﬁula related to distance from
-the‘facility.' If alternative sites_are'proposed, the compensatory costs
may suggest that -sites with lower risk to the‘sur:ounding population would
be cheaper and thus prefefred.' These '"compensatory cosﬁs” are of signi-
ficance even if compénsation procedures are not actualiy implemented be-
cause sgch schemes may be too difficult to implement.

Of course, considering future compenéétion schemes raises the ques~-
tion of compensating those who live near other hazar&ous facilities as.
well, The remote siting of LNG terminals avoids this issue and ensures

that the costs are paid by those who benefit from the use of the gas.

Eygluatipﬁ Criteria
The most important environmental impacts (apart from accidental
fire risks) result from the éffects of construction and operation on the
land itself [see Table 3]}. The routing of pipelines and siting of the
terminal and storage facilities are the major determinants of these impacts.
In this fespect, the potentially adverse effects of LNG are less tﬂan the
corresponding risks of similarly sized oil pipelines and refineries'which
can produce greater air peollution and longer—term‘damage to the biosphere
in the event of oil spillage.
A number of evaluation criteria have been developed to assess LNG
sites. For LNG terminals.the following categories have been used:
1. topographic conditions including the size of the site,
access to transport, pipelines, markets, and site elevation
and slope;

2. foundational stability including soil and seismicity conditions;
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meteorological and atmospheric conditions;

oceanographic conditions;

deep water port capability including the amount of dredging

‘needed;

navigational'5uitability,inclu&ing year-round ice conditions,
fog, wind, squalls, and snow;

anchorage suitability;

land use conflicts including ekisting zoning laws, present

land use, the status of suprounding areas, purchase’ availability,
impact on parks and forests, récreational, historical and ércheo—
logical sites; |

terrestrial and marine biological impacts;

potential risk to employees, the surrounding population gnd to
existing property and facilities;

socio-economic impacts including disruption during construction
and operation, increased employment, tax.revenues, and future
development of the community;

regional energy needs.

routing pipelines the Federal Power Commission considers the

as factors to be minimized [63]: )

total pipeline distance;

routing in areas requiring s&tstantial grading for right-of-way
preparation;

number of streams, highway and piﬁeline crossings;

routing in-areas with special hazards such as avalanche or slope

. instability;

routing in areas where construction and operation of the pipeline

would conflict yith other established land uses.
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Factors to be méximized are:
1. routing in areaé having favorable pipe supporting and excavation
characteristics; ’ |
2. availability of granular ﬁqrrow;
3. use of existing transportation facilities for construction material
supply and maintenaﬁce access."

Apart from these cdnside;étions, the flexibility'of LNG systems to
" expand to meet4increasing demand or to provide reliable -supplies in the
eveht of operational malfunctions should Se'factoré, particularly for deci-
sions choosing among gas trénsmission pipelinejonly options, LNG proposals,
and alternétive energy sources. It may be less costly to add additibnal
cdmpressors on an Alaskan pipeliﬁe to increase pipeline throughput than to
build additional LNG tankers and liquefaction.or reéasification units.
However, in the eastern U.S. some pipelines are operating near their maxi-
mum pressures.

It is clear that any decision making process would like to consider
all the foregoiné information and factors as input. However, debending.on
jurisdictional boundaries and the ground rules for the specific deéision,
certain categories will dominate, and some factors wiil be p?escribed within
specified limits. Several methodologies suggest themselves as relevant to
the decision problems posed in the previous pages. In the remainder of this
report we shall try to suggest how the techniques of decision analysis might
be applied [64]. Although we discuss simplified situations, these techniques
might be applied to help interest groups evaluate a set of national siting
guidelines for LNG facilities or to determine the expansion sequence for
regional LNG faeilities.

The methods of decision analysis have been applied previously to situ-

ations involving conflicts similar to that in Cumberland, Rhode Island.
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The applicable techniques are called "multi-attribute utility theory" or

"multi-attribute decision analysis" [65]. Other techniques of decision

" analysis may prove useful for C4lifornia decision makers in determining the

scale and sequence of California's future LNG operations.

The Cumberland Case Revisited

In the Cumberland case the first step is to identify the interest
groups of importance to the decision. Defining inﬁerest groups may be
subject to dispute, but the principal interest groups have already identi-
fied themselves. Iﬁ the general ﬁase, these are:

1. the utilities who will build, maintain, and operate'the

facilities;

2. the regulatory agencies who must license and oversee the
operations. These range from local zoning boards and fire
departments to agencies like the California State Energy Re-
sources and Development Commission, the Federal Power Com-~
mission and the U.S. Coast Guard [see Table 8];

3. the environmentalists plus impacted groups who live nearest
to LNG facilities and.thus bear more risk and possibly reduced
property valueé;

4. local interests who will enjoy employment, taxes, and increased
commerce;

5. tHe consumers who will use ﬁhe gas.

For the purposes of our simplified discussion we will assume that the inter-
ests of the consumers are represented by thé four other interest groups,
and we shall consider the first four groups as spanning the most important

points of view.
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Although the present request to build an LNG tank at the site of the
Valley Gas Company in Cumberlan§ is still in abeyance, eQaluation of the
preferences of the four primary interest groups might lead to a satisfactory
alternative. The limited details préseﬁ;ed by the Valley Gas Company suggést
that their existing site represents the least cost alternative to them.

This has led the present decision to be either yes or no--to build or not

to build--and after nearly four years ﬁo tank has been built. Perhaps an-
approéch considering.both alternative'sitgé and possible changes in the tank-
dike size or design, resulting in increased safety, could lead to'a resolu-
tion of the current d;spute. | |

In requesting ﬁermission to build the tank, no alternative sites were
proposed although some were suggested by intervenors. The need for the
supplemental gas supply was conceded (20,000,000 ft3/day) after a brief
discussion of the future demands for gas in the Blackstone Valley, and the

3 or about

size of the tank proposed was 300,000 barrels equaling 47,700 m
50 days supplemental supply [38]. Although a smaller-sized tank might pre-
sent a smaller risk there were no negotiations regarding the size of the
tank. The possibility of a high concrete wall dike around the tank (15 feet
away from the 155-foot diameter tank) rather than or in aaditidn tola lower
dike enclosing a greater surface area (about 310 feet by 310 feet) was not
considered, presumably because of cost, nor was the effect of .an LNG fire
upon the existing propane storage tanks considered in estimating the méxi—
mum potential accident. These possibilities are suggested here to broaden
the scope of discussion and to suggest that higher dikes with smaller pool

area or multiple dikes or dikes with vapor containment barriers should be

considered.
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- The testimony presented before Ehe Cumberland Zoning Board of keview .
and the Providence Public Utilities Commission qualitatively indicated'the
most important attributes to the four primary interest éroups:

1. reliability of the gas supply;

2. availability of a suitable tank site within Cumberland with

access ﬁo roads for LNG4delivery byitruck. The gaé-company
does not have the right of eminent domain and local interests
would prefer ﬁaving the ta% revenues;

3. minimum-overall cgst; including'fac;ors such as the pipeline

distance to the présent Valley Gas sendout facility;

4, séfety éf the facility and the t?uck‘délivery roﬁces.

Other attributes provide constraints on the decision, but appear'to be  less
important to the decision.. This would have ta be verified by furfher dis-
cussion with the interegt.groups. .Using these attributes, we shail suggest
a methodology for arriving at a design for the Cumberland LNG storage tank
which might be.acceptable to the four interest groups. This'methédoiogy
has proved useful in dealing with problems of comﬁarable complexity. Some
examples are given in reference 65.

If alternative sites could be identified in proximity to Valley Gas's
existing facility, differences in the costs and benefits could be evaluated
to determine whether ény of the:alternatives would be acceptable to the con-
Eerned groups in terms of costs, risks, and benefits. If no suitable alter-
nativé sites can be found, it may still be possible to reduce the risk by
design changes or to enhance the acceptability by compensation procedures.
Presumably, the reliability of the gaé supply would be the ;amé for any site,
unless the size of the proposed tank were substéntially reduced. The dis-
tance to the ;end—out_facilities is fixed by the chosen site location and
as loﬁg as alternative sites were not prohibitively far away, any additional

costs would represent the costs of reducing the risk to an acceptable level.
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Achieving tradeoffs among attributes 1, 3 and 4 ﬁecessita;es adopting
a measure for safety which can Pe simply understood. Safety»is related to:
a) . the distance.from the tank-dike to the nearest popula;ed area; b) the
size of the LNG storage tank and its‘sufrounding dike as measured by the

surface area enclosed by the dike and the tank capacity; c¢) other -design '

‘criteria like seismic levels, wind loading, site security, etc. These

parameters indicate a number of ways in whicﬁ-an LNG storage tank might be
made accépﬁable: |

| '.l. Find a suitable site in which the distance to the nearest
Vbopu;atéd area i; large enough to be acceptable to those
5urfounding the site. |

2. 1If suitable alternative sites do not exist, design»a safer
storage tank or a higher dike near tb the tank as in recent
LNG tank designs. A higher4dike nearer to the tank reduces
the area of any pool fire and thus the ﬂeac‘radiated. If
an acceptable "safe' distance had béen determined in advance
by querying potential -intervenors such as local residents,
a tank and dike could have been designed which had the appro-
priate "safe" distance. This would largely be determined by
relative preferences for a particular heat flux as a function
of distance from a pool fire, which is the accident most likely
to cause damage. Such a tank might be smaller or, if higher
dikes are used, more costly. Some capacity could Se traded
for decreased risk or the risk could be reduced by paying for
the higher dike or.for multiple dikes with vépor barriers.
A number éf alternatives might be devéloped by Valley Gas;'hopefully,

several would have feasible costs and be satisfactory to all interest groups.
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Howevef, it is possible that the tank with an acceptable "safe" distance
(to the intetrvenors) would always be too small t§ provide the reliable sup--
ply or too costly to build. Thé multi-attribute approach offers. a convenient
framework for compromise. In this case it wouid seem rgasonable to aﬁopt

. the technique of

'utility maximization" br "preference maximization' in
.oxrder to  arrive at a safisfactory‘tank size and siting [64,.65];

The process of."pfeference maximization" would be carried out for
each alternate site and would invdlve at least one represéntative of tﬁe
four intefest‘grqups. ADollarAcosts wquldAbe determined for several tank
and dike<sizes, so that they could bé added to- the fixed costs of site pre-
paration and construction to estimate a,cost‘for each altérnative. We assume
the benefits of each alternative are the same, apart from the effects ténk
size might have on reliability, although we suspect that the reliability
will not suffer appreciably from safer designs. Hypothetical prerference
functions for the interest groups are illustrated below in order to suggest
how the different interest groups might view the project. It is assumed
that the pipeline distance is fixed for each site, so that facility safety,
cost, and reliability of the gas supply are the variab}es to be traded off
against one another. The example is intended to be a simplification, but
the method is capable of accommodatiﬁg more complex tradeoffs and a greater

number of attributes.

Mqlti-Attributed Preferences for Cumberland
One method to assess safety is by asking each interest group to assign
a relative preference value to having the nearest residence "x" feet from :
the edge of the dike. ‘The téchniques for‘obtaining such preference curves
will not be discussed here, but are given in the literature [64, 65]. We

assume that large distances will have a preference rating of 1, while




-101-~

nearby distances would have decreasing preference values determined from
"maximum thermal ra&iation estimates. Here the interest gréups would have to
decide their relative preferences %or protecting against. fatalities, burms,
or diécomfort as a function of distance from the dike. This simple model im-
plies that all sites have fhe same éxposed population (population density)
_outside the site boundary. Suitaglé scale factors coula léter account for
diffefing population densities surrounding alternate siteé. For the proposed
Cumberland—tank a '"safe' distance with a heat flux of 1,3QO Btu/hr-—ft2 was
Aestimated»by.consultants from Afthur D. Little to be 950.feet. Preseﬁt feder-
- al regul#tion would'require only about 250 feet."The.following curves ‘might
be obtained, with pfeferences being rated on a écale between 0 and 1 (figures
3-5). These curves indicate that a gas company official probably has greater
preference for the %stimates of the experts than does someone wholliveé near-—
by. The shape of the two preference functions are entirely different. The
regulatory agency might like to assign a 100-foot margin to the experts'
estimates and then assume that all distances beyond 1,050 feet are equally
"safe" from their point of view. The local businessman is not quite so risk
averse as the nearby resident, but still prefers to be farther away than the
deemed minimum "safe' heat flux at a specified distance. For any proposed
tank and dike size, the preference value would be assigned to the heat flux,
as a function of distance from the dike and from a design-basis pool fire.
These preferences will;undoubtedly depend on the nature of the surrounding
neighborhood. For example, the Cumberland Elementary School is located 1,050
feet from the dike. The relative preferences for site safety may then bé re-
presented by these preference values. Assume the gas company official has
assigned a preference éf 1.0 to the safety of this location for the tank

design, which an expert deemed safe at 950 feet (i.e., a radiated heat
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Figure 4

HYPOTHETICAL SINGLE-ATTRIBUTE PREFERENCE
FUNCTIONS FOR RELIABILITY OF GAS SUPPLY
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HYPOTHETICAL SINGLE-ATTRIBUTE PREFERENCE
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flux of less than 1300 Btu/hr—ft2 for any pool fire contained within the

. dike).. He obviously feels the school is safe. The'nearby resident has as-
signed a utility of 0.05, which de%cribes'his pfeference value for this dis-
tance. Likewise the regulatér believes. the school is just safe—-But safe
nevertheless. The local businessman thinké it’s prefty safe (preference
value =VO.7S).

'Similarly the gas supply reliability preference function can be deter-
mined for each group, but in order to be meaningful in terms of tank design
the reliability must be rélated to tank capaéity. It is-not ﬁecessary to
Rnow thié functional relationship to assesé peoples' preferences, but presumably
the Cas Company has used it to decide on the proposed capacity. If an LNG
tank of too smali capacity were designed, all deﬁands would be satisfied
until near the-end of a very severe winter (a degign winter) in which large
pipeline curtailments occurred. We might assume for the sake of argument
that over some range of tank capacities the number of work days lost by cus-
tomers of Valley Gas can be simply related to the tank diameter. Four hy-
pothetical preference curves are illustrated below. For the gas company
official, expected to supply gas at all times, the preference value drops
- rapidly since any productivity lost due to gas supply failure is his responsi-
bility. The local resident, initially opposed to any tank, is willing to )
trade some productivity loss in order to reduce his.continuous risk. The regu-
latory agency has a civic conscience, but realizes also that a tank of large
capacity means more risk and gredter regulatory responsibility. The busi-
nessman might actually feel that one or two days lost in a severe winter would
not be a great disaster, bu; a large number would be. Interestingly, he may
be more willing to endure a bricf shovtfall in supplies than the hypothetical

gas company official. We expect that the reliability attribute is dominated
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by safety and cost, once a decision to bﬁild a tank_is reached. The third
important attribute is the incremental cost of congtruction, maintenance, and
operation of a safer tank and dike.configuration. We express this as-a per-
centage of the cost of the proposed tank.

We will briefly suggest how these preference functions might be used R
to arrive at acceptable trade-offs and to illuminate the most important at-
tributes of the decision to the decision maker. For deveiopment of the method;
ology and earlier applications the reader is referred’£o the literature [64{ |
65]. Once the p;éfereﬁce functions are knowﬂ the relative preferences cor-
responding ﬁq-a'pérticuléf site tank location, dike arrangement, and capacity
can be used to calculate the overali‘preference for that alternative for
each intereéf groﬁp. Each group's composite preference function for the
three attributes may be expressed_as

Ui(Xg, Xg, Xo) = £[Usys Upis Ugil
where £ ié a scalar . function, and i is the interesg‘group. TWO possible forms
which have been derived for U; are the additi?e form:
Uj (Xg, X, X¢) = 'ASiUSi(Xs) + ApiUpi (Xg) + AciUci(Xc),

where ASi + Agi t XCi=1; Xg is the distance, Xy the number of workdays lost,
XC the percentage increment in cost,’agd U represents the preference functions
in Figs. 3-5; or the multiplicative form:
k Ui(XS’XR’XC) + 1= [k kgjUgj (Xg)+1] = [k kg;Up; (Xg)+1] - [k keiUcy (Xp)+1]
where k is a scaling constant c?osen so that Uy will be between 0 and 1, and
the kyjare also scaling constants between 0 and 1 chosen such that k + 1 =
(k kSi+ 1) (k kpit 1) (k koit 1); Either the additive or multiplicative form
of U; might be correct, depending on the risk aversion of the interest
groups. The assumptions of preferential and utility independence also need -
to be verified. . If they are, the constants required in the composite function

_may be determined using methods similar to those for determining the individual
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preference functions.

Once the overall preference functions are determined for each group, the

.

_objective is to combine them in a meaningful way in order to find the designs

or level of safety on éach site which maximize the c¢ombined preferences for

all four interest groups. This'process isAcalled Pareto-optimization and has
been apblied in Reference 65c. This combination should be additiQe for Pareto-
optimization. Hére the relative weights fog each group mﬁst be varied to examine

the potential trade-off options. For descriptive purposes, let us assume the

~composite preference function is additive and is given by P(XR,'XS, XC). Let

subscripts_L, 2, 3, and 4 correspond to the gas company, the local residents,
thg zoning-board, apd thé local Businessmen, respectively.A The combined pré-
ference functions for each group,are'Ul, Uy, Us, and U, and the re;pective
political weights are Wy, Wo, W3, and W4; The‘overall composite preference
function, relating to a particular alternative might be:

4 .

_ After these representative preference functions are determined, the gas com-

pany should, in principle, be able to design a tank-dike configuration and size
for each s;te,to maximize the preferences indicated. TFor example, if the
company wished to consider only its views it would assign W; = 1.0 and the
rest equal to 0.0. Another choice might be Wy = .4, Wp = .25, W3 = .1, W4 = .25,
The resulfing design might be quite differeﬂt if relative‘weights Wy = .2,
Wy = .6, W3 = .1, Wg = .1 were chosen. In this manner a set of options could
be developed and compared for each specific site.

Even with a greater numBer of attributes, multi—attribuge preference
theory could be applied to this decision problem. However, any pfaferencc
functions and political weighting facgors represent simplifications of the

problem and can never wholly represent the entire decision problem. Nevertheless,
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applying the methods suggested here can illuminate the trade-offs begween cost,
safety, and reliability.' Once the preferred design parameters are chosen at
each site to m;ximize the composit; preferences, the gas company-wouid be in

a position to seek‘approval for the best alternative.i The resultant trade-offs
among éost? safety, and reliability would Se ﬁore éxplicit and the concerned
parties would have pafticipated in the deéision process.

In the absence of such methods, it'should be remembefed that, as yet,
common'éense arguments have been used in this'case without an agreeable con-
clusion. AEven if the spécific désign optioné were not fully developed there
is value in using the procedure to focus on the important trade-offs from
different points éf view. It may be advisable to use such techniques in the

development of state or federal siting guidelines to assist local decision

makers.

California Natural Gas Options

We shall now suggest a framework for evaluating the larger-problem of
California's future commitment to liquefied natural gas. In order to do
this we shall incorporate a methodology for dealing with decisions involving
uncer;ainty called decision analysis. First, however, we shall sketch a
simplified version of ghe possible scenarios confronting California's natural
gas planners today.

California and national planners are faced with several alternative pro-
posals to supply natural gas to California and the Midwest. The California
options.are closely tied to the alternate decision to construct a gas pipe-
line from Prudhoe Bay acrb;s Alaska and Canada intq the U.S., continuing to
an eastern terminus near .Chicago. Independent.proposals involving.LNG require

a gas pipeline from Prudhoe Bay to liquefaction plants in Southern Alaska, LNG
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being transported by tanker to one or mofe of three proposed Southern Calif-
ornia import/receiving terminals, where it would be vaporized and;put into
transmission pipelines [see Table 10 and References 57 and 58]. 1In the event
of no Alaska-Canada gas pipeline it is possible that California will become

a gas supplier go the Rocky Mountain State§ and the Midwest, at a higher gas
cost Lo those consumers than for a more direct pipeline. In the event of
limited LNG shipments'to California it is likely that a branch of the Alaska-
Canada'pipeline w0uld.8e‘built to a site in northern California neér'San Fran-
cisco [Figure 6]. California now receives mﬁch of its gés, 1.63 trillioﬁ cubic
feet per year, from Western Texas,ANew:Mexico and Canada. 'Varying projections
indicate that between 20 and 65 percent of California's natural gas supply
will come from LNG by 1990 {661].

Clearly the effects of each alternative will depend on whether the pipe-

line proposal is approved. The risks, costs, and benefits of each are dependent

on hany factors such as the availability, location, and éost of other fuel
supplies, the scale of development of the LNG option, contractual agreements
between western and mid&estern gas suppliers, system reliability, delays in
regulatory approvals, escalations in construction costs, flexibility and cost

of future expansion, and public acceptability. The pipeline for the LNG op-
tion from Prudhoe Bay will have associated environmental impacts:- and will cross .
a seismically active area. The longer Alaska-Canada pipeline will also have
substantial environmental impacts.

Because of present uncertainties it may be desirable to first develop
only one LNG import terminal in California and then expand it‘or develop ad-
ditional sites after new information indicates the most desirable option.
When the output exceeds 4 befd (4 billion cubic feet per day) in Southern

California, two sites will be needed anyway because of volume limitations.




Table 10

VIEST COAST NATURAL GAS SUPPLY PROPOSALS

PROPOSER

ALASKA. (Prudhoe Bay Ficld)

CALIFORNIA

LNG Liquefaction and
Shipping Facilities,
plus Required Pipe-
lines

Natural Gas Pipe-
lines Only

' LNG. Vaporization and

Receiving Facilities,
plus Required Pipe-
lines .

Natural GaS<Pipe—
lines Only

El Paso-Alaska
. -Western LHG

Pipeline from Prudhoe .
Bay to Point Gravina
Prince William Sound
(809 miles, 3.1 bcfd)

LNG to Pt. Conception
via tanker (1900 nauti-
cal miles)

Pt. Conception (2.8

-bcfd + 0.3 befd peak-

ing) (2.1 bcfd alter-
native); pipeline to

Arvin and Cajon (142

and 109 miles respec-
tively)

Pacific-Alaska
-Western LNG

Pipeline to Cook Inlet,
Nikiski (0.2 to 0.4
bcfd)

LNG via tanker to Los
Angeles

LA Harbor, 16,C00 ft.
pipeline (0.2 to 0.4
befd, ultimately 4
befd)

Pacific-Indo-
nesia-Western
LNG

Oxnard: Pipeline to La
Vista (12.2 miles)
fultimately to include
53.3 miles to Quigley
Canyon]) (0.52 bcfd from
Borneo) '

Arctic Gas

Prudhoe Bay to Yukon
Porder (195 miles,
2.25 heid) connecting
with: Mackenzie Delta
pipeline o Alberta,
forking into Idaho
and Montana (2297
miles, ultimate 4.5
befd) including pos-
sible extensions to
Rorthern California
(917 miles) and Illi-
nois (1138 miles. 1.5

. befd)

Tdaho, Nashington,A

. Oregon extension

to Antioch, Calif-
ornia (874 miles,
0.85 befd)

_jFederal Pcwer
Commission
Alternatives

.Pipeline to Cape

Starichkof, LNG
via tanker to
Oxnaxd

Prudhoe Bay via Fair-
banks and hlberta to
Illinois (3711 miles)

. plus possible Mac-

kenzie Delta connec-
tion.

Combined 4.0 bcfd base-
load plus 1.0 bcfd peak-
ing terminal at Oxnard
to use Alaskan supplies,
including 224 miles
transmission pipeline

Fairbanks alterna-
tive with no Calif-
ornia pipeline extern
sion (California to
obtain gas supplies
from Southwestern
U:S.)

-0T1~
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Figure 6
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Even when deliveries exceed 1 bcfd, an LNG terminal shutdown‘due to accident
or mechanical failure could cause disruptioﬁ in gas supplies. These trade-
offs are importaﬁ; to the ihitial Aecision to develop one or more sites.
Moreover,.all’éf these factors need to be presenLed in a framework which can
be assimilated by decision makers and tﬁé ﬁublic;

RegulatoryJapprovalfhas not yet beenigiyen and the-décisions ére clearly
.complex. Thus fat, however, a clear and concise statemenﬁ of the problems,
the alternatives, and the importanf costs and benefits has not been pro&ided.
Because of uncertainties in our présent knowiedge, and the 20 years or'longér
lifetime of thesg facilities, it might be prudent to adopt a sequential ap-
proaéh for developing fhe possible options. Figure 7 suggests a timetable
for LNG decision;making in California. Two recent studies have incorporaﬁed
similar décision analysis methods to evaluéts potential alternatives for
synthetié fuels commercialization and for the U.S. breeder reactor program
(67, 68].

The impacts of each of the potential uncertainties needs to be evaluated
in order to make the Best decisions in 1977, and in the future, here indi-
cated as 1980. Between now and 1980 new information will become available:
the gas supply picture will be clearer, the issue of deregdlation will be de-
cided, negotiations for LNG pricing and compensatory supply agreements among
the states may be resolved, leading to more reliable estimates of gas trans-
mission costs and long term supply information. Importantly, LNG operations
on the east coast should have indicated their safety and operational reliability
after several years of actual operation. This information will he;p determine
the scale of California's commitment to LNG and whether a branch of the Alaska-
Canada gas pipeline should be extended to California if the pipeiine to the

Midwest -is, in fact, approved. California will almost certainly decide to
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Figure 7

POSSIBLE DECISION SEQUENCE FOR CALIFORNIA LNG OPTIONS

1977

1980- 41
‘Strategic 1977 Alaska-Canada- Forecast of 1985 Cost Forecast West- East coast LNG
Program Midwest Gas Piveline of Vil and Alternative Midwest Pipeline Plants safe &
Decision Decision Gas Supplies Transmission Costs Reliable
Develop two
terminal sites safe & reliable
Develop one large
terminal site les Cvmancive | ° safe & unreliable
Develop one term=-
inal to accomodate
foreign LNG and Cheap

wlurted Alaskan
supplies

wnsafe § reliable

unsafe § unreliable

1580

1990~

LNG Expansion
Decision

Approve
terminal
expansion

LNG site

Wait

D Decisions to
(:) Chance nodes

Develop new
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Canada pipeline
branch to CA

Price of 0il and
Alternative Fuels

Alaska-Canada-Midwest
Pipeline Supply

High _High

Medium

be taken

California-Midwest
Pipeline Transmission
Costs

Expensive

Cheap

Each chance node represents an uncertain outcome. The

decision tree expands from left to right with cach node

being added to the tip of the branches to the left. The
costs, risks, and benefits of cach option necd to be eval-
vated.  Probabilities can be assigned to be possible outcomes.
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develop at least one LNG terminal site in 1977 because of her pressing need
for gas, but decision analysis can suggest the costs and benefits of potential
expansion scenarios. '

On July 1, 1976 the Unitéd States Senate approved a bill directing the
Federal Power Commission fo recommend a route for délivery of natural'éas from
the North Slope of Alaska by March 1, 1977. The President would then select
the final route with‘limited j;dicial review by July 1, 1977 [69]. This
choice will decide among either of two routes for the pipeline-only option
across Alaska and Canada to the Midwest or ;ﬁe Alaska-California LNG pro-
posals Qiscussed here. Because of the magnitude and implications of this
decisiéﬁ for California and the nation, a comprehensive and comprehensible
framework is urgently required to evaluate the trade-offs, risks, and benefits
of these options. Even if fhé methods of decisi;n analysis are not formally
applied, an explicit and concise presentation of the issues and impacts is

sorely needed.
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