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I. Introduction

The problem of managing multiple use of our marine resources
is becoming increasingly important, One of‘the more well known
and potentially very important for the New England area has come
about as a result‘of the possible existence of exploitable quan-
tities of offshore oll and gas in areas which coincide with the
traditionally important fishing grounds on Georges Pank., Exper-
ience in the Gulf of Mexico and the North Sea indicates that sev- .
eral potential conflicts may arise and nﬁt lend themselves to an
easy solution,

One of the areas of major concern is the possible interaction
of fishing operations, e.g., bottom trawling and scallop dredging,
with submarine pipelines, This has been recognized as a problem
in the Gulf of Mexico area as evidenced by 0CS Order No., 9, part
of which reads, *All pipelines shall be installed and maintained
to be compatible with trawling operations and other uses.”29

The major problem can be described as daemage to pipelines
and/or fishing gear which result in economic costs to the fisher-
man (mainly replacement or repalr costs and lost fishing time),
to the 01l industry (malnly pipeline repalr costs, and costs of
petroleum losses and cleanup efforts if-a leak or rupture occurs),
and to soclety at large (mainly the environmental damages from a
spill, which may or may not translate into economic losses, depen-
ding on where 1t occurs), Experience in the North Sea and Guilf

of Nexico and in variocus studies has indicated that there are
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many mechanisms by which the abové losses may occur, including
not only the impact and/or hooking of fishing gear on pipelines,
but also by interactions with the heavy anchors used 1ln shipplng
and by vessels engaged in offshore construction.u

Virtually all offshore oil and all gas from the U.S, OCS 1s
15

transported to shore via pipeline, For the Georges Bank case,
a find of about 2 - 1 billion barrels of oil would jﬁstify a
bipeline as the preferred mode of transportation for oil (vs,.
tanker;?giThese quantities are well within the latest estimated
range for the Georges Bank area,

In 1ight of the percelved problems, a number of alternatives
involviné different recommendations for multiple use management
have been suggested, They range from a continuation of current
practice to prohibiting oil development entirely, the latter not
uncommonly advocated by many fishing and environmental interests.

When instituting regulations relating to the design and in-
stallation of pipelines, soclety as a whole would benefit most if
* due consideration were given to all of the costs involved, That
i1s, those due to the plpeline installation i1tself as well as po-
tential environmental costs and potential costs which might be
incurred by the fishing industry, Amoné the alternatives 1t is
seldom obvious which weculd be best if the objectivze were to min-
imize soclety's total cost. ' |

The purpose of this work is to exnlore the technolezy and
econcmics associated with the options which might te ured (o
transport oll from Georges Bank. ~ with the least total cost

objective in mind., The analysls should be useful in spite of
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several sources of uncertainty, Major sources of uncertainty in-
clude the Jocations of petroleum reserves, the locations of spawn-
inz areas, and the future changes to be expected in fishling usage
on Georges Bank, In addition, estimatés‘of potential spill im-
pacts must te based on data which may be questionably applicable,

t,zu use historic

The most careful analyses, e.g., that of Stewar
data from the Gulf of Mexico, which differs in many ways; inclu-
ding fishing usage (fcréign’and domestic), water depths, weather
conditions, and at least partly in the technclogy which will be
used by the oil industry.

| The paper 1s developed as follows, First, we summarize
backgrouﬁd information on Fhe existing usage of Gecrges Bank Lty
fishermen and those offshore areas of greatest interest to the
011 industry, This should allow some assumptions as to likely
pipeline routes and hence where high risk of interaction mey bte
.expected. From this, a consideration of various alternatives
of transportation to shore and thelr relative costs (and bene-
fits) should allow oné to get a handle, approximate as 1t may
be, on which might te besf for society as a whole in terms of
least total cost, Finélly, brief mention will be made of the
regulatory setting in which the multiple résource use 1issues

raised here would be considered,
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II. Petroleum and Fishing Interests on Georges Bank

The tracts of offshere areas nominated for leasing by the
011 industry are indicated on map #1.22 In general, the areas
may be characterized by depths of 150 to 300 feet, sandy bottom
sediments, and frequently rugged weather conditions, especlally
in the winter, The areas of highest interest are on the order

of 100 miles or more offshore, &

Several factors must be consldered when optimlzing the prii
vate cost of a pipeline installation, The major fact&rs include
orthogonality to currents and wave direction, rates of change in
bottom contour so as not to exceed the maximum allowable bend in
the pipe, and avolding “soft spots” and areas of probable scour
to prevent pipeline 1nstab111ty.17 For purposes of this analyslis,
however, the least cost alternative (in terms of real installation
costs only) will be assumed to be a direct route to the shore
terminal, which most likely would be sited in the southeast New

6,831

England area in or near Rhode Island, This assumption may or

may nov be correct, but i1s not critical since the focus here is
on use of the offshore areas, For our purpoées we are interested
in encompassing the range of conditions that apply offshore and
lixely would be obtained for the most 1lkely onshore facility

location,

™,

The domestic fishing usage of the area . (map #2) ir.cludes

such important specles as cod, haddock, yellowtall ard hlackback

-~
oo

flourder, whilting, and red haka.

Nearly all require bottom trawlir’
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to harvest, The flcshirng gear used which mosf affects the risk of
interaction ﬁlth submarine pipelirnes 1s listed 1in table 1,
Forelgrn fishing activity 1s of particular interest in view
of the size and power of foreign fishlhg vessels arnd their gear
(see table 1), However, 1t is unclear at present how important
foreign fishing is likely to be in the future, particularly in
view of extended Jjurisdiction. Delineation of areas of forelgn

fishing activity is shown on map #3.



Table 1 - Fishing vessels and gear used on Georges Bank22

Domestic fishing: vessels - 65-100', 300-700 HP

doors ~ rectangular, up to 8'x 12!
frequently 1200 1b each

scallop dredges - up to 16' wide
up to 1% tons each

frequently towed two
at a time

Foreign fishing: vessels - up to 400*, 3000* HP

doors - up to 2% tons each
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III, Alterrnate Pipeline Protection Schemes

Several alternative pipelire protection schemes might be
used, and the best one in terms of minimum total cost in any
given situation is rnot at all apparent. Considerations which
must be kept ir. mind iriclude techniical feasibility, effectiveness,
and cost,. |

The techriical feasibility of a particular scheme includes
1imitations of soil cornditions (for burial), sea state and water
depth (lay and/or burial equipment), etc., Effectiveness refers
to the scheme's ability to reduce the frequency of interactions
and/or the severity of damages resulting, Differernces in costs
amorig the alternatives are most influenced by pipe diameter,
depth of buriél and chariges in soil type (if buried), and the
depth of water - all can significantly affect the major cost
elements of one or more of the alternatives, Each of the major
alterriatives 1s discussed briefly below:

1) Normal burial. A rnormal burial is considered to be a lire
which has been trenched11 (see figure 1), Current practice in the
North Sea for such an operation involves the layirng of the pipe

on the sea bottom, and then trenching with a bury barge., The
trenchirng is gererally done in the season (April to October) fol-
lowing the layirng operation due to weather limitations, availla-
bility of equipment, and the time requirements of layirng. The
trenching operation involves the use of a high pressure water jet
which displaces the soll under the 1ald 1ine.2® A time lag bde-

tweer laying and trenching of about one year may rnot be able to
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be elimirated sirnce pipelirne owners, as a matter of procedure,
ordirarily like to have a diver 1hspe¢t a recently laid line for
damages.zo No backfill is usually provided - a natural backfill
provided by the action of bottom currents or surface wave actlon
can be expected to provide about as much fill as its going to
in another year or so.11’21'26 \

One of the major questions which may be asked here is the
effectiveness of a given depth of burial, especially on Georges
Bank where the soill type of essentially the total area is samd.z2
With a soil of low éhear strength, such as sand, 1t is highly
likely that the depth of cover over a pipeline will change with
time, This is primarily due to storm wave and/or bottom current

erosion.® In some areas this can result in a condition known

as 'spanning".#%* It can also be caused by the phenomenon of

*# Tidal currents of up to two knots have beern measured on Georges
Bank. The mobility of bottom sands shown by deepening of sand
levels around the legs of Texas Towers led to their abardon-

ment and salvage in 1964.28

*# Spanning i1s a corndition whereby a section of pipeline is a dis-
tance above the sea bottom, It is caused by scour around the
pipe or by flow conditions which produce "sarnd waves.® Spans

over 100' in length and 3' in helight are not uncommor. in the North

Sea.? 1In addition, at a given current velocity and span length,

the pipeline may become resonant and subject to a condltlon known

as "vortex shedding," during which any of the coﬁcrete coatings

riow in use cannot be expected to remain 1ntact.5’1u’22
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“floatation, “#wherein a pipeline will "float” to the water-sedi-
ment interface, or by the time lag between the digging of the
trench and the placement of the pipe in the bottom of it - 1.e.,
the stiffness of the plpe only allows a gradual lowering, so that
final placement of the pipe in the trernch bottom may occur on the
order of two hours (for a 6' trench) after the trench digging
device has passed, thus allowing partial fiillng in of the trench.9

The major considerations governing the amount of burial ne-
cessary to reduce the possibility of interaction with anchors ard
trawl doors to a very small amount are the depth of soll instabil-
ity during storm corditions, long term soll erosion caused by
currents, and the depth of pernietration of anchors and trawl doors
which are apt to be used in the area.u'

Though there is always a possibility that a pipeline will
become uricovered at some time, the likelihood of its doing so
diminishes with depth of burial. Hence, a very deep burial, on
the order of perhaps five to six feet of cover, could be consi-
dered a separate oll transportation protection alternative,

In very deep water, i,e., over about 200 feet,4

it is un-
likely that dragging anchors from ships under emergency condi-

tions, even those in a shipping lane suéh as the Great South Chan-

* Flotation may occur when a pipeline is buried in soft sediments,
or the trerch in which i1t is buried is left to fill up by nat-
ural sedimentation. A combination of very low shear strength
and higher density of sediment relative to that of the pipelilne
can result in the pipelirne literally floating to the water-sed-

L7

iment interface.
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rel (see maps), will be a problem, This 1s due to the limitirg

length of arichor line ard/or the ineffectiveress of using an
anchor to stop a ship in a short distance, Depths in the Great
South Charnel shipping larne are about 200 feet., Hence, the use
of anchors 1s a possibility, and its risk should be cornsidered.
2) Burial plus mechanical backfill., One may envision instances
wherein fishing gear, especially trawl doors, may become ﬁedged
betwwen the pipe and the side of the t;énch, although this type
of situation probably would arise only for particular angles of
inciderice of the towed gear to the pipeline's direction. A mech-
anical backfill would reduce the risk of this interaction., This
protection system also reduces the possibility of the same type
interaction with anchors and the probability of the previously
mentioned floatation problem.17
If the backfilling procedure must necessarily be a separate
bperation and a time lag betwwen it and the trenching operation
must also be on the order of a year, then a complete or nearly
complete natural backfill will have taken place, However, the
problem.of floatation will not have been avoided, If a system
could be erngineered whereby the trenching and backfilling could
be accomplished in the same pass, then a meéhanical backfill may
show 1ts cost effectiveness over that of a simple trernching oper-
atiorn for two reasons., First, the floatatiorn problem will have
been avoided as much as possible, and secondly, the risk due to
exposure between the laying and rnatural filling process will be
elimir.ated, From descriptions of some of the recently designed

burial equipmenit, this capabllity may rnot be too long in coming.lu
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3) Armored coating systems, Coatings have been developed that aré
better and more impact-resistant fhan_the commonly-used concrete
coatirgs, They are in use on some North Sea pipelines laid in
areas of high fishing activity where burial was determined to be

b, 14

excessively costly or lmpossible, A coating protection, of

course, does rnot avold the interactions, but iessens the damage

14,% ar4 reduces

to the plpeline which may result from gear 1mpact,7'
the assoclated risk of spillls. In the case of a higher quality
corncrete, with or without extra steel reinforcing, the risk of
fishing gear damage would riot be affected, but other protections
‘which charige the shape of the obstruct;on would affect the fishing
gear damage probability. Two techrnilically acceptable methods have
been used to effect this result.

Both the shaped armored section and the engineered backfill
(see figure 2) have the objective of causing an approaching an-
chor (or trawl door) to “walk" (aeflect) over the pipelire with-
out damage, while at the same time affording better stability to
the plpeline in 1its environment.4 However, the economies of con-
crete application in a shaped section are such that some 50 to
100% additional fabricating expense, plus large additional ex-
pense 1in reworking a 1éy barge to accept the sections, can be

anticipated. The additional welght of the concrete, which is

* A steel cage-type reinforcement used within a dense concrete
coating has beern. shown to have better impact and fatigue (from
repeated impacts) properties, The additlonal cost of such
reinforcement over a normal coating of wire mesh plus concrete

14
seems to be Jjustified only in heavily fished areas.,
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critical, may also impose too great a limitation on the water
depth capability of the lay barge.u
Engineered backfill is used in comparatively shallow water
and is very expensive, At present the technical capability of
applying an engineered backfill 1s probably not within state-of-
the-art for the depths encountered orn Georges Bank.u
L) Rerouting around high risk areas, Another alternative would
be to displace the pipeline tbo an area outside the high risk
areas, This alternative involves several kinds of additional
capital and operating costs, Taken to an extreme of ircreased
distance, the requirement of an additional pumpirg/compressor
intermediate station could be included, To provide some insight
into the issues involved, four hypothefical routes will be consi-
dered here, All have one or more objectives (minimizing a par-
ticular type of cost(s)) in its path selection (see maps).
The objectives of the routés ares
1) minimum distarnce (base case)
2) avoid very high intensity domestic fishing areas

3) avoid very high and high internsity domestic fish-
ing areas

4) avoid very high internsity domestic fishing areas
and minimize (subjectively.) the mileage in areas
of intense forelign fishing activity
While clearly other objectives are possible, these four cover
the major rerouting options that could be expected,
5) Establishment of an exclusiorn area around the pipeline, Under
this alternative, fishing activity would be prohiblted irn a band

around the pipeline. An effective exclusion zone on elther side

of the pipeline would avoid interactions from flshing operatiorns
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and anchors (other than perhaps some emergenéy usage in some
areas)., The ﬁidth of zone oftern. mentioried 18 500 meters on each
side of the pipeline.5'23 which is probably about the distance
a fisherman would stay clear to be reaéonably assured of avoiding
the pipeline.2 Excluding fishing in the area may not be easily
effected, however, especially with offshore_fishermen. who al-
most by definition are a risky lot. If a fishefman feels he can
cleverly maneuver his vessel close to a pipeline and consistently
increase his catch,® he may find 1t to his advantage to do so even
at the risk of occaslonally fouling his gear, In economic terms,
he will be balancing his marginal expected galns against his mar-

ginal expected costs,**

# Some ihcrease in catch rates when fishing near pipelines has
been noted in the North Sea.lu This could be due to some her-
ding effect brought ori by the §peration of the fishing gear
or temporary concentration increases present due to the pipe-
line itself,

*## As a hypothetical example, assume there is a 10% chance/day of

fouling orne's gear by fishing up to 100 feet instead of 500

meters of the pipeline location. In addition, there is approx-

imately equal probability that an accident willl be a serious

(costing $4000) or a minor (costing $200) incident., Hence, the

expected costs assocliated with observing a 100' zorie would be:

EV(100*') = ,90 (0) + .05 (L40OO) + .05 (200) = $210/day

Now, unless the expected galns from increased catches are

greater than $210/day, a “rational" fisherman would not fish

as close as 100 feet,
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The availability of compensation for possible damages to
fishing gear should influerce the'behavior of fishermen. As long
as rno compensation 1s guaranteed and there seems to be more than
just a 1little chance that his gear can be lost, an excluslon zorne
may not be necessary.

6) Tankers vs. pipeline. Ore may also be willing to forego the
use of a pipelirie altogether and 1nsteéd acéept the increased
cost associated with transportation by tanker, plus increased
spill probabilities, etc., in return for the benefits expected
from no pipelirie in high risk areas. Ideally, one could represent
this alternative in the form of a graph such as that of figure 3.
The size find where a pipeline transpoftation system would be-
come favored over the use of tankers would be the intersection

of the two cost curves., Whether this switchover to pipeline use
would occur at a higher or lower size find when the additional
external costs to the fishing iﬂdustry and other competing usage,
onshore impacts, etc,, are considered, depends on the relative
external costs assoclated with each alternative., If the addi-
tional costs assoclated with a pipeline are higher than those for
tanker usage, then the changeover to pipeline use would occur at
a higher size find (Qz vs. Q1 in figure 3).

Since accurate figures on the range of external costs that
would need to be considered to estimate the relations in figure 3
are unavallable and extremely difficult to estimate, no attempt
will be made to cdmpare this alternative with the others consi-
dered.,

7) Combinations. A final alternative involves some combination
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TOTAL

TRANS PORTATION
COSTs

PIPELINE

S12€ FIND
Figure 3 - Total transportation costs vs, size fird
for a tanker and a pipeline transportation mode
a hypothetical exterrial costs associated with plpelline usage

b hypothetical exterrial costs assocliated wlth tanker usage
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of the other individual schemes, and-mlnlmlzes some costs in
orly certain areas along a hypothetical route, Four possibilities
encompassing varliatiorns of the major options are.considered here,
They are:

1) bury the lirne in only the areas of very high domestic
fishing usage

2) #1 plus an exclusion zone for the areas of high, medium,
and low intensity domestic fishing

3) bury the line in only the areas of very high and high
intensity domestic fishing

L) #3 plus an exclusion zone for the areas of medium and
low intensity domestic fishing
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IV, Costs of pipeline alternatives to the oil irndustry

To quantify differences irn costs amorng the alternatives des-
cribed above, a comparison will be made between the additional
costs of each alternative over that of the least expensive system
which will adequately do the job in the absence of other uses of
the area, Almost any base case installation could be used since
only the differerices must be considered.

Here the base case pipeline 1is taken to be a common carrier
01l 1line¥® which extends from block NK 19 - 12 358 (see route #1
on map #2), which i1s a central point in the largest area of high-
est 0ill industry interest, in a direct line to a point 3 miles
soutﬁ of the island of Martha's Vineyard (to keep the pipeline
urnder federal jurisdiction). The most probable pipe diameter
would be about 16" - this assumes recoverable reserves of about
200 million barrels of oil and a 20 year field l1life,*¥

It should be noted that all of the following calculations
and the conclusions drawn from them are only applicable to a
common carrier trunk line on Georges Bank and do not necessarily

apply to gathering or other flow lines within the fleld develop-

* The case of an oll pipeline will be made here since it would
have a large potentlial envirormental cost; other costs are quite
similar for a gas pipeline

## The capacity of the pipeline in the peak year 1s assumed to be
10% of recoverable reserves, or 20 million bbls/yr. or 60,000

bbls/day. This requires a pipeline diameter of 14 to 16",
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ment,

A summary of the approximate costs for each of the alter-
rnatives 1s shown in table 2.. The values represent a breaskdown
of the various additional costs. All operating costs have been
discounted to theilr present value equivalents so that they may
be compared equally with capital costs. The discount rate of
five percent attaches a.larger present valuk~to future costs
relative to initial costs than would a larger discount rate,
Since a large part of the oll industry costs are initial capi-
tal expenses, the results are blased to the berefit of the
fishing industry.

The last two columns of table 2 are the most important,
They contain totals of the additionai capltal and operating
costs, plus a subjective assessment of the composite risk of

additional cost due to damages resulting from fishing gear and
anchor interactions. There is often a major difference in
costs that is unappreciated among the alternatives. Those al-
ternatives most costly to the oil industry involve deep burial
and the special armored section and ernglneered backfill protec-
tion systems. The exclusion zone arognd the base case install-
atlon is the least costly. Slight alterations in routing, e.g.,
alterriative route #4, or a specific combirnation of alternatives,
€.&., combination #2, may be attractive since they involve com-
paratively less additional expense than most others,

The desirabllity of any one system over arnother may depend
on the value assigned to each system's risk, For example, route

#4 avoids very high intensity domestic fishing areas and costs



Table 2 - Costs to the oill industry over the base case installation

and evaluation of subjective risk
¢ million, 1974)

subjectlive
operating costs damage subj,
capltal costs maint, pump probatilities coz-
alternative ' mat'ls + int, 1insp & sta op an- dom., Tforeign total posite
coating laying burial plat op line &maint chors fishing fishing cost risk
sormal burial - - $212 - = - M ¥ K £21 %
Deeper burial (5' cover) - - 50b - - - L L L 50 I
Burial plus backfill - - ~30¢ - - - M-L M-L M-L  ~30 E-L
Protectlon systems’ 3 ' .
high quality concrete $4-9 - - - = & M L I L4-9 N~L
shaped sections 34—673 huge3 - - = = L L I 3447 i
engineered backfill - R, - - - - L L L ~ oo L
- large
Rerouting: _
1) minimum distance - - - - - = H B L 0 B
2} evoid VH domgatic 1.9° $1.57 - $.18  g2aP g5t w M g €.1  K-H
3) avoid {XH domestic 3.9 Bl = ad 3.6 9 E L H 11,7 i
4) ¢avoid VH domestic .7 R » .02 6 .2 H " 5 g g
avold foreign _
Exclusion zone - = = - - = £ i ¥, 0 r
Combinations: -
1) bury V¥ domesticd - - 4,3 - . - M-H  M-H " 4.3 kB
2) {bury VH domestlc
excl zone for H,M,L - - 4,3 - - - E L L L.3 I
3) bury {XH domestic - - 10,1 - - - M . M H 10.1 K-HE
L) Ebury{gH domestic - N 10,1 - - ¢ L = L 10,1 .
excl zone for M,L

£z



favorable buryineg conditions assumed, throughout the 198 mile
length; burial cost £106,000/milel3

taken from diagram, ve 25

assumes additional backfill operation to cost on the order of
half of a trenching operation

the cost of an engineered backfill is considered to bte so large
as to be technically infeasible - this 1is primgrily due to
lack of control of the operation in deep water

btasic material plus coating costs are $1?O,000/m11e13.

laying cost = $1uo,ooo/m11e13 -

additional equipment cost to pump longer distances = $6200/rzile12
additional pipeline maintenance césté = $121400/yr/m11e12

12400

- #155,000/mile for the first 20 years

-additional operating expenses at an intermediate pumping statlig
= $3020/yr/mile*<

(IQ%%%i = £37,700/mile for the first 20 years
. ° D
Azl
assumes 2 extra days (@ $200,Ooo/day13) for each mobilization
to separate areas for turial
J.additional cost £ 37 mi, x 106,000 + 400,000 = %4,3 million

20

additional cost % (37 + 55) x 106,000 + 400,000 = $#10.1 million

damage probablilities were estimated from thelr susceptibilily
to Interaction for a given alternative; composite risk is an
average of the 3 types, with more welght given to the risk
from doniestic fishing operations; beslides the pipeline rec-
palr costs, other potential costs include the value of oll
lost & cleanun expenses; the cost of repalr may run sevarsal
million dollars, as could the value of o0ll lost & cleanup,
but an expected value of the cost is not accurately esti:in-
ble without an extensive en? arnlicadle data tase to pre=-
dict an expected frequency of occcurrence



25

01K -
ALL VALUES FOR )6 3[40, AND AT 00 P2T

—
LrH OF
luumm

E -
""9’%! = Pl b Ry .
r.-q-"'.'-'-"?':r'“"' = ]
]

e ) . 4'

- JO R N g LN T T \J
° - w 1 1 o 23 b ¥

OLPTH OF CXCAVATION <u(TCAS

o i |
= ¥ T 5 i \d T T 1 — ¥ v
L] ] t 3 4 ) ) t S ] 10 "

OLPTH OF CrCAVATION FLEY

Figure 4 - Burial cost as a function of burial depth5,13

-



26

less but has higher risk than combination #2, which buries the

line through the same category of fishing area,
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Ve Costs of pipeline alternative to the domestic

fishing industry and the rest of soclety

Many factors will influence the impact of any plpeline
installation on the fishing industry and the rest of society.
As mentioned previously, quantifying these impacts is a'major
problem, However, a discussion of the.more important factors
is useful in that it provides insight into their poteritial and
probable importarnce,

Likely result of an interaction of fishing gear wlith a pipellne,

Deperiding on the specific type of gear used (see table 1), the
vessel's horsepower and towlng speed, the angle of incldernce to
and exposure of the plipeline, and the pipeline's previous his-
tory of interactions, a number of types~of damage to the pipelirne
" and the fishing gear may result, Damages to the plpeline include
cracking and spalling off of the coating, denting the pipe, and
leaks or ruptures. The economlc damages as a result of a spilll
on Georges Bank are extremely speculative, rarnging from the in-
dustry-born cleaﬂup costs (see table 3) to the additiornal possi-
ble soclal costs assoclated with biologicai.impacts and various
orishore effects, including property damages, reductlion 1in property
values, adverse effects on tourism and recreational opporturnities
for the resident population, and aesthetic degradation.

A look at the past record of pipeline spills (see table 4)
shows only one very large spill of 7 million gallons 1n the last
10 years, All other pipelire spllls ha?e teern considerably

smaller, In addition, even a very large spill only covers a very
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small percentage of the total Georges Bark area.,® In view of the
lack of highly aggregated populations or spawning grounds local
to the route alternatives considered here.22 the writer feels
that an offshore spill probably should not be a large cost fac-
tor in terms of yearly expected value to fishing operatlons,
The potential cost to society of cleanup of a large offshore
spill should be more significant, however., This cost would be
bornn by the oll industry, but indirectly born by society. This
would come in the form of lower bids for tracts in the future
in anticipation of having to pay for spill cleanup costs which
may occur,

A summary of cost estimates of various clearup methods can
be found in table 3., The range of possible costs for a given
spilll size is rot large, but the cost differences between sizes
of spill can cover several orders of magnitude, The value for

potential cost which should be used here 1s difficult to esti-

# A 1 million gallon spill would cover about 3 mi? after 12 hours
and about 10 mi? after 4 days. Only about 1% of the larvae of
the specles with relativeély concentrated -spawning periods and
grounds might come in contact with the spill., Toxic effects
predomirnate in é6nly about the first 4 days. In this period the
spills movement can be expected to cover about 400 m12. or about
3% of the Georges Bank area, To find the actual area covered,
this figure would have to be reduced to account for repetlition
of the same area due to repeated tidal excurslons., Thus, the

1
effect on succeeding gererations 1s unlikely to be notlcable.3
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Table 3 - Cost estimates for oil spill cleanup offshore15

*small" spill "large" spill
(100,000 gal,) b (10 mglllon gal.)b
method direct® capital direct capital
Chem, dispersion 80,000 51,600 6,200,000 862, 500

Absorption (straw) 113,000 79,300(579,300)- 8.625,'000 1,405,000(6,405,000)
Sinking 64,900 56,600 4,505,000 1,385,000
Combustion 82,200 49,500 : 6,171,000 = 675,000

a for a specific spill including material and operating expenses

b 1initial equipment and warehouse costs; number in parentheses includes
equipment to collect spent materials

Table 4 - Spills over 1000 barrels from pipelines in OCS24

(1964-74)
Gulf of Mexico Amount
Date Area, Block No. (gals,) Cause
10-15-67 West Delta, 73 6,746,838 Anchor dragging
3-12-68 South Timbalier, 131 252,000 Anchor dragging
2-11-69 Main Pass, 299 316,344 Leak
5-12-73 West Delta, 73 210,000 Leak, corrosion
8=-2-73 Avco "C" South Pass, 60 43,000 Leak
L-17-74 Eugene Island, 317 832;986 Anchor dragging

9-9-74 Main Pass, 73 92,946 Hurricane
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mate, but probably should be on the order of $1 million.

The most sigrnificant costs to soclety from a spill will
more likely come in a nearshore area where the chance of com-
ing ashore 1s greater arnd the time to get there shorter., 1In
the present case, the most likely sifes for onshore impact are
Cape Cod and Long Island,6 which are all highly dgpendent upon
tourism and recreational uses of the coastal zorie, Soclal
costs generated by a splll here could be comparable to those
of the Santa Barbara spilll, which were estimated in 1969 at
several million dollars over and above that of the $10,6 mil-
lion cost to Union 011 Company.19

Herice, considerably more weight should be placed orn mea-
sures to avold spllls in areas of high fishing activity in
nearshore areas, e.g., the high intensity fishing areas just
south of Martha's Vineyard and Nantucket Islarnds (see map #2).

Al though forelgn fishing has been important in recent
years, the potentlial risk to plpelines assoclated with foreign
fishing activity in the future i1s urnicertain. Should an 1ncl;
dent occur, 1t seems highly likely that the resultirng damages
would be serious, consldering the si;e of the fishing gear and
the power of the vessels (see table 1).,. Map #3 1s an estimate
of the areas of forelgn fishing activity. Regulations prohi-
bit bottom trawling 1ln some parts of Georges Bank, With the
implementation of extended jurisdictior., this may be more .
easily effected in the future., However, even though the fre-
querncy of irclidence may be very low, serlous consideration 1s

justified by a high perceritage of irncidents which will proba-
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bly result in serious damages.. In addition, a resulting spill
could railse internatioral legal/liability issues, Possibilities
of this siltuation arising in the Gulf of Mexlco area was lack-
ing since no foreign vessels operate in the area, and hence the
Gulf experierice offers rio 1risight into thls problem. In the
total analysis this factor will be carried through as an un-
quantified potential risk. .

Studies have shown that a previous history of repeated
impacts can significantly influernce a pipeline's ability to
withstand future impacts.*s1l This possibility would only be
likely to occur on Georges Bank 1f impacts were concentrated
at specific locations, e.g., at points where a pipeline crossed
LORAN lines. This condition deperds on how the fishermen set
thelr towlng tracts, From a questlionriaire sent out to many
of those who fish regularly on Georges Bank, it can be said
that, in practice, LORAN lines, compass bearings, depth corn-
tours, and random towlng patterns are all used by rnearly all
of the fishermen at different tlmes.2 Hence, the conclusion
may be drawn that some areas will probably be more subject to
impacts than others, but not by much and certainly not by as
much as an order of magnitude, : )

The severity of damage to fishing gear is malnly deter-
mirned by the type of interaction, i.e., impact or hooking the
door under the pipe,11 and the fisherman's ability to get his
gear back, A1f possible., As long as there 1ls an adequate safety
factor in the strerngth of his towing warps and connected gear,

1t is difficult to believe apriori that a fisherman's gear
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will be lost or sigrnificantly damaged by an impact, The avall-
able 1literature suggests that hooking under a spanned section
of pipeline or wedging between a pipeline and trench wall (and
perhaps eventually under the pipe - see figure 1) would offer
the greatest chances of losing one's gear, Thlis type of 1n-
teraction does not depend on the particular species sought in
bottom trawling and has been noted to be the biggest problem

to the fishing industry associated with pipelirnes in the North
Sea,?

Assuming an incident did occur, some rough calculations
will serve to indicate the approximate loss which may be in-
curred by a fishing operation, Assume the accident occurs
half way through a fishing trip and the loss reQuires steaming
back to port for repairs. The approximate loss associated
with lost 1ncomé, boat expenses, and opportunity cost for the

vessel would total $1-2000, depending or. the vessel.,* The

# Assume the loss occurs half way through the trip and three
days are required to steam back to port, unload fish, obtain

ard install new gear, etc.,, The major elements of cost would

include:
opportunity cost of vessel, 3%3x'15x$150'000 = %200
(vessel valued at $150,000; return to capital = 15%)
rormal crew wages, 8 crew x $40/day x 3 days = 1000
rurrniing expenses of vessel (fuel, etc,) = 300

#1500
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replacement cost of the gear can range from $1-4000(exclusive of
the towing warps), depending ornn how much of the gear 1is lost.BO

Fishing area precluded, One concern of fishermen 1is that extern-

sive offshore developmernt may preclude fishing activity on sec-
tions of Georges Barnk., While this problem may be more serious
with platforms and gathering lines, 1t also arises in conriection
with commorn. carrier pipelines, As noted béfore, how close a fish-
erman will fish to a pipeline deperds on his estimate of the risk
involved with respect to the potential losses he might ircur, the
poternntial galilns he feels may be had by fishing closer to the pipe-
line, whether or riot a compensation fund is available if his gear
is lost or damaged, and whether an exclusion zornie 1s established
or not, |

Assuming that an exclusion zone of 500 meters on either side
of the pipeline is established and/or the risk/gain cornsidera-
tions are sufficient so as to preclude fishing from the same zone,
what does this mean to the fishing industry in terms of lost in-
come? Although we cannot hope to derive a precise estimate, the
process 1s useful in irndicating the considerations that apply
and the kinds of assumptions that must be used, A reasoriable
estimate here depends on the productivity of the precluded area,
the availability of alternate areas, the éisruption of desirable
fishing tow patterns, and perhaps the effect of the pipelirie's
presernce on catch rates in ad jacent areas,

Table § shows_the approximate lernigth and correspording
area precluded for very high, high, medium, and low intenslty

categories of domestic and foreign fishing for each of four



34
Table 5 - Approximate length, area precluded, & route
objectives for 4 alternate pipeline routes
(derived from information in reference 17, plates 3 & 7)
mileage in mileage in
total domestic grounds foreign grounds
route objective mileage VH H M s VH H M L
1(2355) mintmunm aistance 198 37 55 57 18 0 11 34 b1
2 avoid VH intensity 209 0 96 48 36 80 53 18 23
domestic grounds
9 avoid VH & H intensity 221 0 0 67 109 87 43 28 21
domestic grounds
L avold VH domestic & 202 0 78 86 9 0 11 48 11

minimize mileage in
foreign grounds
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hypothetical pipelirne routes, Each of the alternative routes
has a different objective in 1ts'rou§e slection, as previously
described on page 16, Ideally, one would like to know the value
of each area 1in order to estimate 1ts net worth to the fishing
irdustry. The approach adopted here 1s based on avallable data
end makes use of an empirically derived "value coefficient,”
assigned to each unit area of each categor& of fishing inten-
sity in terms of dollars per square mile per year, To arrive
at a final net worth for an area, 1ts value coefficient would
be multiplied times the area irn square miles and then summed
over the desired time span (20 years here), with an appropriate
discount rate, As long as any other factors can be shown to be
negligible or can be estimated indeperdently, this method should
offer an advantage in its simplicity.

In all of the cases consldered here, generous estimates,
i.e., high estimates of the costs to the fishing industry, are
used., Thus, 1f there 1s a blas to the figures, i1t is to the
benefit of the fishing industry by figuring for the maximum
reasonable potential loss which fishermen may incur.

The procedure followed in estimating the value coefficients
is as follows:

1) Estimate the total potential value of the Georges
Bank fishery resources to the domestic fishermen
in terms of persorial irncome,

2) Next, an estimate is made of the values of irdi-
vidual areas based on the categories very high,

high, mediun, arnd low (VH, H, M, L) fishing ir-
tensity in the Georges Bank/Nantucket Shoals area,

3) We assume the ratios of the value coefficlents be-
tweern. areas of different fishing intensity 1s the
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same as the ratlios of the mediar rnumber of days
fished in each of the different areas* as drawn
up by Olsen and Saila.22 Thus, 1f the median
rumber of days fished in two different areas 1is
200 ard 100, the value coefficients should also
be in the ratio of 2:1,

4) Firally, the value fourd in step one i1s set equal
to the sum of the products of the areas of a
particular interisity times the value coefficlent
assigried to that area, 1.e.,

V=294  where: V
A

total potential in-
come value to fish-
ermen

o3 = value coefficient for
i-level fishing in-
tensity area

Ay = total area of l-level
fishing intensity

1 = fishing intensity
levels, VH, H, M, L

A simple method was used to estimate the total potential
ircome in step one. A maximum sustainable yield (MSY) of 420,000
metric tons for the Georges Bark area has been estimated to have
a gross value of #142 million (1974 dollars)22 - this corres-
pornds to about 8¢/1b, Typically about half, or $71 million, 1s
the payment to labor, and the rest 1s boat expenses, including
a return on investment., In the calculations 1t 1s assumed that
there 1s a zero opportunity cost of the labor to society. The
social rate of return is therefore assumed to be higher than

that earned by the vessel owner., In keeping with our intent of

* To account for the fact that much of the landings are low
valued specles, days fished was considered to be more of an

iridicator of value to the fisherman than total landirgs.
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biasing the results to the benefit of the fishing lndustry, we

will use the maximum of $71 million as the value of Georges
Bark to the fishing industry.

The ratios of median number of days fished for the very
high, high, and‘'medium intensity areas relative to the areas
of low internsity usage are 46,4, 14,5, end 5.2, respectively.
Hence, the ratlios of the value coefficients betweén the same
areas 1s assumed to be 46,4, 14,5, and 5,2, respectively.

The three equations expressing these ratios, plus the
previous equation, V = EiﬁaAi. Yields four equations with four
unknowns which may be solved simul taneously. The solution
and the actual areas of each use level (step 2) can be found
in the Appendix,

Adjustments to coefficients based solely on the commer-
cial productivity of the area may have to be made upon con-
sideration of the assumptions behind the productivity, and
also upon consideration of other factors., These are taken
up below,

The future productivity of the Georges Bank area clearly
depernids importantly on fisheries mariagement efforts and thelr
effectiveness, including the mariagement, of extended Jjurisdic-
tion. The effect of each is urncertaln and so for simplicity,
and in keeping with our blas, the calculations which follow
are based on a maximum worth to the fishing industry - a total

MSY of 420,000 metric tons.® It 1s also assumed that 1little

#* An assuption of maximum worth based on net lncome should

actually be based on the maximum economic yleld (MEY), in
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competition from forelgn fishing for the domestically sought
specles will exist,

Amor.,g the other factors which are considered, two are likely
to. have minimal influerice, at least 1ﬂ the case of a common carr-
ier pipelirne., Sighlficant disruptior. of desirable fishing tow
patterns would tend to add to the value of a precluded area
since it would work to lower the value of adjacent areas to fish-
ermerni, The ad jacent areas are lowered in value since some of
the possible towing patterns a fisherman might want to make would
have to be altered or would not be possible. These include all
those patterns which might otherwise enter or cross the precluded
pipeline zone., This would seem to be a significant factor only
1n.areas where a comparatively high density of gathering lines
would ténd to significantly reduce the maneuverability of gear
or the fishable area to an extent that ad jacent areas are hardly
worth the trouble of setting a trawl,

It i1s also possible that the presence of an exposed pipe-
line may disrupt migration patterns, spawning, etc,, and hence
could affect catch rates in adjacent areas, However, studies
whereln obstacles were placed in such a way as to lmpede the
movement or actiQity of the fish have shown that, in general,
only temporary delays in migration or behavior are effected by

such obstacles.23 Herice, this effect is also considered to be

which the catch is slightly less than the MSY, However, the
differernce in catch levels 1is small and the correspording dif-
fererice in riet worth to the fishing 1ndﬁstry even smaller, Hence,

for simplicity, the MSY level will be used,
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negligible,

Ariother factor is the effecf of the moblility of fish stocks
on corcentrations 1n different areas, If fish concentrations
were temporarily reduced ad jacent to an exclusion zone by fish-
ing, the fish within the zorne would tend to buffer the effect,
thereby reducing the absolute value of preclﬁded fishing in the
exclusion zorne, This 1s a very sigrnificant factor, especially
sirnce most species are highly mlgratory.22 Here agalin 1t is
very difficult to make a precise estimate of the effect, In the
interests of belrg consistent with the bbjective of determirnirg
the maximum reasoriable value to be expected of precluded areas
to the fishirng industry, the reduction irn value will be a con-
servative 50%.*

Ir summary, the only factor of significarnce is the latter,
The firnal coefficlents are 50% of those calculated by the pro-
cedure described orn pages 35 and 36, This 1is almosf certainly
an upper bourid of the value which might reasoriably be assumed
for the expected costs to the fishing industry as a result of the
implementatior. of an excluslion zone., Hence, the adjusted value
coefficients to be used in the analysis are $4650, 1450, 520, and
100/t 2/year for the very high, high, médium, and low intensity

domestic fishing areas,

# If future fishing is beyord the MSY, as 1t has in the recent
past, 1t could be imagined that an exclusion zone may be bene-
ficial to fishermer. in. the long run by argulng that the zore
could serve as arn area analogous to a wildlife qonservatlon

area or preserve,
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Life of the pipelire, Since the area value calculations were

made on the basls of a sirigle year, the 1ife of the pipeline must
be considered to get the total value over time of area preclusion.
If not removed, the pipeline will remaln as an obstruction in-
definltely, even though the excluslon zone may rno lornger exist

(by regulation anyway). Thus, the maximum total cost would be

the summation of the maximum yearly costs,‘dlscountéd to present
value, over a time period from the present to infinity.

The cost after year 20 could be borrn by the owners of the
pipeline 1f the plipeline were removed at the end of the fleld
life, The cost of doing this 1s by no mear.s accurately estimable
from experlience sirnce very few offshore areas are rniear the erd :
of thelr ecoromic 1life and in a position where other uses of the
area would demand consideration of 1ts removal., Would removal
of the pipeline at the end of the 1life of the fileld be cost ef-
fective?

Assumirnig the cost of removal 1s the same as the cost of
laying the pipelirie, the present value of removal cost in the
final year 1is %‘%@8 - 53,000 per mile 1974 dollars). This
ls a one-time-ornly-cost. Now, should the pipelirie not be re-~
moved, any interference with fishing would occur over an exter-
ded period of time, Assuming the interference takes place in the
area of highest (VH above) fishing intensity, that the period
of corcern is from year 20 to infinity, and that the discount
rate 1s flve percept, the maximum present value of losses to the

fishing industry as a result of irdefinite preclusion is $20,000/mi/

o0

> 1000 m -y 2900 __ _ 220,000
# &4650/m12/yr x 1869 57mt = $2900/mi/yr, 1.0t *

20
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The assumption of a five percent dlscoupt rate here blases
the calculation to the fishermen's fgvor since losses in the later
yearé takc on a larger present value than with a higher dis-
count rate, Uerice, the coricluslon i1s that removal 1s probably riot
cost-effective for even the most heavily fished areas, and so cal-
culations of fishiﬂg costs (table 6, p. 42) ascume that the
pipelirne is not removed,

Table 6 indicates that those alternatives resulting in the
highest cost of $3.3 million to the fishing industry are the three
systems with an unburied pipeline:s in en exclusion zorie, with a
high quality concrete coating, ard with rno special protection cf
any sort (the base case system),

The reason all three systems result in a maximum cost of
$3.3m11;10n 1s because all are based on the maximum width ex-
clusion zone, Whether an exclusion zorne 1s established or riot,
_if the losses in terms of gear damage were greater than the mar-
girnal gelr.s of fishing closer than 500 meters to a pipelire,
the fisherman would impose an éxclusion zonie upon himself to
avold the excessive losses (see footnote, p. 17)., Hence, the
maximim loss in all three cases is the loss from a 500 meter ex-
clusion zorne,

Those systems resulting in the least coét to the fishing
industry are those previously found to involve the greatest
cost to the oil irdustry, 1.e., deeper bturlial, shaped armored
sections, ard an engineered beckfill. The most striking con-
trast between ithe costs here and those in table 2 1s that, in ; en-
eral, toth the magnitude and the range of costs to the fishing

irdustry for most alternatives is rnot nearly as great as the oil

industry costs for the same al ternatives,
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Table 6 - Costs to the fishing industry & the rest of society'

alternative

(¢ million, 1974)

maximum cost based
on precluded area

subjective assessment
of damage probability
to fishing operations
& the rest of soclety

0

Normal burial

Deeper burial (5°' cover)

Burlal plus backfill

Protection systems:
high quality concrete

shaped sections

engineered backfill

Rerouting®:
1) minimum distance

2) avoid VH domestic

3) avoid {XH domestic

4) favoid
avold forelgn

VH domestic

Exclusion zone

Combina

tions

1) bury VH domestic

2){

bury VH domestic

excl, zone for H,M,L

3) bury {XH domestic

ki

bury {VH

excl,

i domestic

zone for M,L

$1,6°
~0
1..4°

3.3
~0

~0

3.3
1.9
.6

1.8

M
L

s o]
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a maximum present value of a particular route,

tquh>9(£““0

where: r = .05 (a discount rate of 57 biases the results
' to the favor of fishermen)

1 =VH, H, M, L activity levels

area of 1-type activity precluded.
1000
176— X mlleagej

da = value coefficient for 1-type activity areas

x>
[
]

<= i
Loy = 107

for route #1s
18,7 [(°3 mi )(*—*u65o/m12/yr + (3% m12)(21450/m12/yr) +
(35 m12) ($520/m1%/yr) + (11 m1?) (4 100/!1112/.!1‘)] %33 m
for route #2:
18,7 [(60)(1250) + (30)(520) -+ (22)(100)] = $2.0 m
for route #3s | |
18,7 ((42)(520) + (68)(100)}
for route #4;
18,7 [(48)(1450) + (53)(520) + (6)(100)] = $1.8 m

$ 5 m

- normal burial would 2llow a high risk exposure until naturally
backfilled and thereafter only if uncovering occurs, which
places the cost between 0 and #3,3 million; since uncovering
should be as lilkely as covering deeper, the cost here should
be something less than 3 of $3.3 million, or $1.6 million as
a maximum

a backfill operation done simultaneously with a trenching oper-
ation would save, at most, the expected cost of the first

year's risky exposure, or TgAQ = & +2'million
i T

as in note a, the cost should be that of route #1 minus the cx-
?ected cost from VH intensity areas plus soxething less than
of the same cost, or, as a maxinmum figure;

-
<

£3.3 m - 18,7(23)(k650) + $(18,7)(23)(4650) = 42,3 m
e similar to note d, 3.3 m - 3(18,7) (23)(4£50) + (34)(1450) = ©1.7m
includes danages to flshing gear and potential blcloglen

-

3
pacts on .ature harvesting resulting from spllls uas cos 5
to the fishing industry, and potential onshore lmpnaci anc

..a,

other environmeantul damages to the rest of uoﬂimvd
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VI. Jummary and Cornclusions

Ir. thlis study consideration was glven to several major
pipeline itransportation optiorns that could characterize a Georges
Bark peiroleun developzmer.t. The study assumes that the trans-
portation of Ceorgzes Bank oll is by a pipeline corridor to chore,
erd the aralysis nescessarily involved numerous sumplifications,

Marny of the factiors consldered in a study of this nature
are extremely 2ifficult if rnot impossible to quantify fully,
thus necessitating the introduction of éeveral unavoidable sources
of uncertzinty, Nomnetheless, the results are useful in at least
irdicatirg the range of costs associated with the different major
01l transrortation options. The enormous range of costs associated
with the alternatives irndicates the danger of maklng hasty Jjudge-
ments in choosing among the alternatives,

In 1light of the necessary urcertalnties 1ntrodu§ed, some
~adjustments in the figures may have to be made as more krowledge
about the offshore area or the field development becomes krnown,

Or. the basis of the analysis (see table 7, p.45),. the al-
terrnative with the least additional total cost and lowest risk
involved is that of applying an exclusion zone around a pipeline
which has been lald at minimum installation cost. The addiitional
cost involved in effecting any of the other schemes considered
is probably at least on the order of several milllon dollars zore.
In other words, the loss to commercial flshing of the area taken
up by alpipcllne corridor 1s conslderably less than the cost to

alter the insiallatior scheme to partially or fully reduce the
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Table ? - Total costs over base case
($ millions, 1974)
cost to fish-
cost to ing industry & total
alternative 0oill ind., risk rest of society risk cost risk
Normal burial $21 M 1,6 M 423 M
Deeper burial (5' cover) 50 L ' 0 L 50 L
Burial plus backfill ~30 M 1.4 M ~31 M
Protection systems:
high quality concrete L-g i 3.3 H 7~-12 M-
shaped sections 40~50 0 i 40-50 il
engineered backfill ~ o0 0 oo L
Rerouting:
1) minimum distance 0 H 3253 VH Fad H
2) avoid VH domestic 6ol M-H 2,0 H 8.1 M-HE
3) avoid {XH domestic 11,7 M .5 M 12,2 M
4) {avoid VH domestic 2.1 M 1.8 M 3.9 ¥
avoid foreign
Exclusion zone ' 0 38 33 & 3.3 L
Combination:
1) bury VH domestic 4,3 M-H 23 H 6.6  M-H
2) {bury VH domestic 4.3 M-H 2.3 M-H 6,6 M-H
excl zone for H,M,L
3) bury {XH domestic 10,1 7 1,8 10 11.9 B
10.1 1.8 5 11,9

L) ibury {XH domestic
excl zone for M,L
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interacticns and ¢xternal costs, - This is especially true of the
existing regulation to bury all lines in water depths of less
than 200 feet to a depth of three feet (unless the operator cax
show that the area 1s prone to self-burial).16 Here the differcrnce
in cost 1s almost an order of magritude. A major bernefit of
burial,‘however, 1s the lowering of the risk of the high social
costs of a spill. To the extent that higher cost alterrniatives are
imposed on o0ill companles, thelr correspording bids for tracts will
be lowered, thus passing on the cost to the rest of society,

However, since rnot all possible schemes were examined and
since the base case installation was hypothetical, some varia-
tionn from an excluslon zorne setup may result in a lower total cost,
The most likely possibilities where thls may be true include:

1. higher quality concrete pipe coating and‘no exclusion
zornie, at least in areas of high fishing acitivity

2, slight variations in routing to avoild areas of very
high domestic or foreign trawling

In addition, the more speculative varliables, such as the risk
due to foreign fishing, possibly should have more importance
attached to it, Of course, damage to flshing gear and other
external costs 1mposed on the fishing industry are only one
comporiennt of soclal costs, The private and soclal costs of a
spill - particularly riearshore spills - éould far outwelgh
these losses and may Justify a protzction scheme,

The usage of a tanker with offshore storage must be consiicred
an option open Yo élnnnors and policy makers, However, it canr.o!
be adequataly compared with the other alternatives consldered

SCTIIEE S B c v ey 3 s . ‘ A
here, The exterrnal costs created by the tanker optilon are root



L7
well-known or accurately estimable by the techniques used in thir

study. Only qualitative statements about some of the factors con-
tributing to the total external cost can be made. For example,
based on past experiernce the probabllity of having large spills
(over 1000 barrels) is higher with tanker usage, but the possibility
of having extremely large spillls (over 240,000 barrels) is higher
with pipelines.6 Thus, 1f the very large spills are the maln
concerr, plpelines may have a higher environmental cost - other-
wise the environmerital cost of tankers should be higher. The

lack of data on which to base necessary judgements of this naturs
should éxclude the tanker option from direct comparison with the
other alternatives in this study. ‘

The distribution of the cost, in addition to the ;momnt of
total cost, 1s also important. The best alternative in terms of
reducing soclety's total cost places the total additional cost
‘on the fishirng industry. A more equitable distributiorn of the
burden could be effected by the use of some sort 6f compernsation
scheme, This could be used for a general fund for flishermen
incurrirng losses - similar to that administered by an inter-
industry group in the United Kingdom, or by the fishing industry
itself.

An example to 1llustrate how the distribution of costs, as
well as the amount to total cost, could be considered to further
the least cost objective and benefit the private interest groups
involved would be helpful, If the pipeline 1s to be installed
by burial of the line at a cost of %21 million, as may presently

be required by existing regulation, the 01l industry would
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1ﬁ%ret1cally prefer to pay out any émount less than §21 zillion
to get the job dorne, If the least total cost system is in fact
trhe exclusion zorne at a cost of £3.3 mlllion to the fishing
iridustry, the fishing industry would theéretically prefer receipt
of any amount greater than 23,3 million plus the exclusiorn zore
irstallation rather than some other system involving absolutely
rio additionai cost to them, Thus, 1if fhe éxcluslon zorie system
were used.and the o1l industry were to give the fishing industry
an amount of moriey greater than $3.3 million and less than $21
million,, both industries would theoretically be better off than
if the burial option were effected, Obviously, there are may
practical impediments to implementing é compensation scheme of
this sort,

Ariother possibility for the redistribution of costs to effect
the exclusion zorne optlon, and one which should be highly re-
"-commerided,.1s to finance the chapgeover to the use of oval trawl
doors instead of the rectarigular doors now in commor. use by
Georges Bank fishermen, This should have two bernieficlal effects:

1, the efficlency of the trawling operation would be
somewhat improved since an oval door will spread the same rnet
to the same extent with less towing power applied than a rec-

tangular doozj,11

and,

2. many of the impacts with rectargular doors would be
reduced to "glarncing blows” with oval doors, thereby lessenirng
the probatle resul ting damages, If any.

Any recommerdation towards institution of the firndings of

tnis study should be in the form of further study to reduce the
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uncertainfy in. the data and assumptions, the largest sources
of uncertalnity are: the location of the petroleum development,
“he location of spawning areas, the future fishing usage of
Georges Bark, and the expected value of environmerital damage

(1ts probability of occurrance and potential impact if it did

OCTUT ) o
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Appendix

Table A-1 - Total areas & coefficient calculationc

fishinz ranze of median no. ratios total no. blocks?
intensity days fished days fished used delineated on map #2
VHE  1611-5625 3618 b6 38
H 651-1610 1131 14,5 80%
M 157-650 Lok 5.2 118
L 1-156 78 1,0 121

-

a area of "blocks" used by Olsen & Salla2 = 100 m12

- area of VH intensity usages
100 m12/block X 38 blocks = 3800 mi?

area of H intensity usages
100 x 80% = 8050 mi?

area of N intensity usages
100 x 118 = 11,800 mi?

area of L intensity usages
100 x 121 = 12,100 mi?

now solve ¢ $71 m = O(;,(3800) + ©(;(B050). + 9(11,800) + ©(12,100)

O s X oy ;. O(I
E\_.I'} 2 IZ‘. ; o 5.2 - .O

il

resulting values; £200/m1%/yr

X.. = 21040/m12/yr notesy these values ~re
to be adjustel by
-~ . J o L )

X . e - :
q = +2000/m1/y: a 50 reduction -

see text, D.39
R 2 ) rMe .,
°<\m = #9300/mi</y>
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