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Ficunk 11.—Potential transportation route segments for southern California, showing how oil from tract group P14
would be brought to Long Beach via segments T20 and T 21 {Slack, Wyant, and Lanfear, 1978}.

tacting each target or land segment over the produc-
tion life of a lease area. This final calculation entails
three steps which are performed by program NU:

* For each production site or transportation route,
the *‘conditional probability—the probability
that a spill, having occurred, will contact the
given target or land segment—must be ex-

tracted from the output of program HITPROB
or program LANDSEG. {The opcration of
these programs was described in an earlier sec-
tion.)

* For each production site or transportation ronte,
the conditional probability must be combined

with the probability distribution of spill occur-
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rence (estimated using the methods described
in the section “‘Spill Occurrence”) to yield a
single-source probabhility distribution for the
number of hits on the target or land segment.
This distribution may be arrived at by one of
two methods, according to whether the single
source is a “point” source, such as a produc-
tion platform, or a “distributed” source, such
as a tanker route where the oil could be re-
leased anywhere along the route,

 All single-source estimated probability distribu-
tions in a scenario (see the previcus section)
must be combined to yield the overall esti-
mated probability distribution for the number
of hits on each target and(or} land segment.

The following subsections describe, in more detail, the
methods employed.

PROBABILITY OF HITS ON A TARGET
FROM A SINGLE SOURCE

Programs HITPROB, LANDSEG, SCENARIO,
and NU communicate through files stored on perma-
nently mounted disk packs. After obtaining the condi-
tional probabilities for all targets and land segments
for each launch point, program NU begins to process
the transportation scenario, segment by segment.

Suppose that for production platforms, the esti-
mated probability distribution of N’, the number of
spills occurring, is negative binomial. Then, following
from the section *‘Spill Occurrence,”

(ntv—1}eyV {4)
nllv—1)lE+T)HY

Suppose, further, that the conditional probability (ob-
tained from HITPROB or LANDSEG) that a spill
from a point source will hit a given target is p. Then,
the estimated probability distribution of N', the
number of spills which both occur and hit the target
over exposure t, is negative binomial

= (n+v—1){pt)*t¥ (8)
al(v—1)(pt+)ntV

P(N'=n)=
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A=vptit (9)
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Appendix A contains a rigorous derivation of this re-
sult.

and variance

(10}

For a distributed source defined by several transpor-
tation route segments, suppose that the estimated
probability distribution of spills is the negative bino-
mial with parameters as before: v, the number of past
observed tanker spills, t, the amount of past exposure
observed, and ¢, the predicted future exposure. These
spills could occur at any point along the route. As the
previous sections pointed out, it is often desirable in a
risk analysis to be able to weight points along a route
in terms of that likelihood of spill occurrence. The con-
straint on the weights is that the distribution of the to-
tal number of spills along the route must be the above-
mentioned negative binomial distribution, with mean

A=vtit (11)

02=£(1+L).
T T

This constraint is satisfied by assuming that the distri-
bution of spills at each transportation route segment is
negative binomial with parameters v;, 7;, and t;, where
the sum of the v; must be v. Appendix A demonstrates
that this structure satisfies the constraint.

To determine the estimated probability distribution
for hits on a target from spills along the whole route,
the model first constructs the hit distribution for each
separate point source along the route {using the pre-
viously described methods for single point sources).
The model then combines these distributions as des-
cribed in the next section.

and variance
(12)

PROBABILITY OF HITS ON A TARGET
FROM MULTIPLE SPILL SOURCES

The overall estimated probability distribution for
the number of hits on a target is constructed as the
convolution of the appropriate single-source distribu-
tions derived in previous steps. The meaning of Lhis
statement is best conveyed through an example: Let
Py p, be the probability of n spills hitting the target
from the first source, and Py 5, be the probability of n
gpills hitting the target from a second source,

_ {n+v;— 1 {p;t) Vi
n!(vi— W ity ;)" Vi

(13)

in

Let P,, represent the probability that » spilis hit the
target from both sources combined. Then,

Py=P, Py,
P1=P1,1P2.o +P1.0P2,1y

(14)
(15)
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P2 =Pl.2P2_0 +P]’1P2,1+P1_0P2|2, (16)

and,

n
Pp= 2 P1iPon-i): (17)
L:

The extension to more than two sources is similar.

Program NU carries out these calculations in the
model. Its design is such that the effects on a risk anal-
ysis of different assumptions concerning incidence
rates, production and transportation scenarios, or re-
source estimates, can be determined simply and
straightforwardly by rerunning the program with dif-
ferent paramocter values. '

MODEL VERIFICATION
AND LIMITATIONS

FORMAL ERROR ANALYSIS

Results of complex systems models are seldom
amenable to formal error analysis, that is, to the ex-
pression of error in the end result as a function of er-
rors in input quantities. Often, the error as an input
quantity will be unobtainable or unquantifiable, or the
error’s effect on the overall analysis will be too ambi-
guous. Furthermore, it is especially difficult to attach
‘a single number representing “standard error’’ to the
results of 2 model run, when the results consist of a set
of predicted probability distributions. In fact, the Bay-
.esian methods used in constructing the distributions
described here explicitly incorporate some elements of
uncertainty (notably those in estimating spill inci-
dence rate) and were developed, in part, for situations
where classical error analysis seemed unsatisfactory.

This does not imply that a useful assessment of mo-
del reliability cannot be made, or that the results are
calegurically uanreliable. Three modes of testing are
available to the model user: (1) an informal assessment
of individual model components is often satisfactory;
(B the sensitivity of the model results to particular as-
sumptions can be tested by repeated runs with differ-
ing inputs; and (3) parts of the model can be directly
tested by comparison with actual spill trajectories.
The following sections contain discussions of how
these modes of evaluation were applied to the model
described here.

INFORMAL ERROR ANALYSIS

Soveral factors constrain the effective breadth of a
model's applicability, The model’s structure (how it

works, what it includes or excludes), the refinement of
the driving data, and the analytical treatment of the
component oilspill occurrence and movement pro-
cesses all play a role. In a general purpose model, these
limitations will differ for each application of the model.
This requires that the assumptions necessary for speci-
fic areas be readily testable; different factors may limit
the precision of the results from case to case. As an ex-
ample, unreliable current data may not seriously affect
model output in situations where the movement of oil
is largely wind-dominated (as in some proposed North
Atlantic oil production areas—see Smith and others,
1976b), but may critically affect model output where
currents are the primary mover (as in many proposed
Gulf of Mexico oil production areas—see Wyant and
Slack, 1978). The computer programs of the model
have been built to facilitate case-specific testing. This
has been done by modularizing computer programs, by
concentrating on simple parameterizations of pro-
cesses, and by restricting analytical representations of
physical processes to those which are relatively simple,
general, and widely accepted.

SPATIAL RESOLUTION

The model eannot represent the locations of oilspills
or targets with any finer resolution than the cell size
(about 1 nautical mile square} of the grid system. This
is an artificial restriction, of course, in the sense that
the model could be simply modified to diminish the cell
size. Increasing the spatial resolution of the model by
this means would, however, lead to a spuricus and mis-
leading impression of accuracy in the output, given tho
present accuracy with which the location of many tar-
gets and the spreading of large spills can be depicted.

RISK FOR NEAR-SHORE
AND GONFINED-AREA SPILL SOURCES

The spill transport equation used in the model has
several virtues, It is simple, is widely accepted as a rea-
sonable representation of oilspill movement in open
water (Stolzenbach and others, 1977, p. 5-47), and is
void of any special assumptions which would disqual-
ify the model for risk forecasting in most proposed off-
shore production areas, However, due to the fact that
the basic oil transport equation is designed to repre-
sent the “average’ movement of large spills in fairly
open waters, the model cannot adequately represent
the detailed movement of spills close to shore or in con-
fined estuaries or bays, where tides and highly local-
ized currents may dominate the movement of spilled
oil.
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SPREADING

~ The model does not cxplicitly incorporate spreading.
This deficiency is mitigated by several factors. First,
because of the large regions over which the model is de-
signed to operate and the resulting scale of model reso-
Iution, spreading is less important than overall advec-
tion in determining risks. Second, the original digitiza-
tion of targets and their insertion into the grid system
tends to expand the areas occupied by targets (any cell
partially occupied is treated as fully occupied), and
causes ‘‘near misses’ of oilspills to be counted as hits.
Third, recording the time.of-contact for each hit
enables the analyst to estimate spreading effects inde-
pendently, given information on oil type, sea state, and
80 On.

DECAY

The modeling of spill decay presents the same diffi-
culties as the modeling of spreading, in that knowledge
of factors such as oil type are integral to analytical des-
criptions of the physical process. As with spreading,
the model does not explicitly calculate decay, but is
constructed to provide information on spill travel time,
thus enabling assessment of the extent to which decay
might mitigate predicted impacts. Contacts of spills
with targets are compiled in several elapsed-time cate-
gories—up to 3 days, 3 to 10 days, 10 to 30 days, and
30 to 60 days—to assist the analyst in this assesement.

SENSITIVITY ANALYSIS

Sensitivity analysis of model assumptions is a useful
technique for assessing model strengths and weak-
neages, As suggestad above, such analyses should he
tailored to particular situations; different features of
the model are critical in different situations, and the
dictates of economy require the appropriate selection
from the many possible sensitivity analyses. Design
features of the model make such analyses easy to carry
out.

Two sensitivily analyses performed during a risk an-
alysis for proposed North Atlantic OCS production
areas (Smith and other, 1976b), exemplify the kinds of
analyses which can he readily performed. The basic
transport equation includes the wind drift angle, which
is the number of degrees wind-induced oil movements
are deflected from the direction of the wind by Coriolis
acceleration. Some controversy surrounds the optimal
value of this parameter for spill modeling, but most
suggested values fall between 0 and 20 degrees clock-
wise in the Northern Hemisphere (Stolzenbach and
others, 1977, p. 81). For the North Atlantic risk analy-

sis, two separate model runs were made using drift
angles of 0 and 20 degrees clockwise. The resulting es-
timates of probabilities of spills from the proposed oil
production areas hitting shore were 21 and 8 percent,
respectively.

Tn another sengitivity analysis for the same area, ae-
tual historic wind sequences were substituted for sto-
chastically generated ones (see the section on
“Winds”}. Table 7 shows the estimated probability of
hitting land for gpills from one proposed North Atlan-
tic oil production site by the two modes of model opera-
tion.

These two studies convey the kinds of evaluations
which can be conducted in the course of a risk analysis,
and the sensitivity of results to certain key assump-
tions. DNifferent sengitivities to these particular as-
sumptions can be obtained in different OCS areas.

DIRECT MODEL VERIFICATION

Clearly, predictions of expected numbers or probabil-
ities of spill impacts for a given place and time cannot
be “‘proved”’ or “disproved” by a single spill. Nonethe-
less, a limited verification of the trajectory model was
achieved for the area covered by the North Atlantic
OCS oilspill risk analysis (Smith and others, 1976b). In
December 1976 the Argo Merchant spilled 7.7 million
gallons of oil and the spill traveled in the direction that
the model indicated was most likely (see fig. 12). Ex-
tensive overflights and monitoring of this spill pro-
vided data for a more thorough evaluation of compo-
nents of the model. In particular, by comparing actual
and simulated spill locations, the validity of current as-
sumptions, transport equations, and wind data source
choices could be examined. This work, presented in de-
tail in Grose and Mattson (1977), Pollack and Stolzen-
bach (1978), and Wyant and Smith (1978), supported
the general adequacy of the transport segment of the
model. :

The spill occurred not as an idealized instantaneous
point spill but rather was released over an extended
period of time. To facilitate comparisons of simulated
trajectories with the actual spill, the spill was modeled
as a set of sequentially released points, with each
3-hourly wind applied to the entire, gradually enlarg-
ing set. This enabled 2-dimensional construction of
spill representations such as that in figure 12. Runs
were made using a variety of different parameter
values. Graphical output such as that in figure 12
seems to be a particularly appropriate way to commun-
icate the validity of risk forecasts to potential model
users in that it quickly and concisely gives a feeling for
the model’s level of approximation.
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TasLE T.—Sensitivity of predicted oilspills risks for the North
Atlantic study arec to the assumption that winds cen be
modeled as a first-order Markov process.

Number of
simulated

trajectories

Wind sequence

per seasun Percent of simulated trajoctorica hitting shore

Winter Spring Summer Fall Total

Generated auu L 8 19 3 8
from first 3
order
Markov
process.

Taken
directly
from
historic
record.

300 0 12 8 0 5

MODEL OUTPUT AND CASE EXAMPLES
REPORTS FOR OCS LEASING

For each application of the model to a Federal OCS
lease sale, a final report is produced which includes the
following items:

* A discussion of the
were used.

* Maps showing the location of the study area
and the locations of the targets and land seg-
ments.

» Tables of conditional probabilities giving, for
each launch point, the probabilities that an oil-
spill occurring at a given production site will
contact targets or land segments within 3, 10,
30, and 60 days.

» Tables and graphs showing the probabilities of
oilspills occurring.

e Tables showing the overall probabilities of oil-
spills occurring and contacting targets or land
segments withir 3, 10, 30, and 60 days.

A list of reports prepared for seven previous analy-
ses is presented in table 8.

data sources which

SUMMARY OF RESULTS TO DATE

The model has been used to conduct oilspill risk anal-
yses for eight OCS lease sales in six Federal lease
areas, which together represent only a small fraction of
the total number of offshore tracts that may be devel-
oped eventually. Nevertheless, the six areas studied
thus far are distributed among all four of the major

TasLE 8.—Reports prepored for OCS lease sale analyses using the
Oilspill Risk Analysis Model of the U.8. Geological Survey

An Oilspill Risk Analysis for the Southern California (Proposed Sale
48} Quter Continental Shelf Lease Area; James R. Slack,
Timothy Wyant, Kennth J. Lanfear; U.S. Geological Survey
Water-Resources Investigations 78-80; 1978; 161 p.
{Available from NTIS)

An Oilspill Risk Analysis for the Mid-Atlantic (Proposed Sale 49}
Outer Continental Shelf Lease Area; James R. Slack and
Timothy Wyant; U.8. Geological Survey Water-Resources
Investigation 78.56; 1978; 79 p. {(Availahle from NTTS)

An Qilspill Risk Analysis for the Eastern Gulf of Mexico {Proposed
Sale 65) Outer Continental Shelf Lease Area; Timothy Wyant
and James R. Slack, U.S. Geological Survey Open-File Report
78-132; 1678: 72 p.

An Oilspill Risk Analysis for the Western Gulf of Alaska {(Kodiak
Island) Outer Continental Shelf Lease Area; James R. Slack,
Richard A. Smith, and Timothy Wyant; U.S. Geological
Survey Open-File Report 77-2127 1977; 57 p.

An Oilspill Risk Analysis for the South Atlantic Quter Continental
Shelf Lease Area; James R. Slack and Richard A. Smith; U.S.
Geological Survey Open-File Report 76-653; 1976; 54 p.

An Qilepill Risk Analysie for the Mid-Atlantic Outer Continental
Shelf Lease Area; Richard A. Smith, James R. Slack, and
Robert K. Davis; U.S. Geological Survey Open-File Report
76-451; 1976a; 24 p.

An Oilspill Risk Analysis for the North Atlantic Quter Continental
Shelf Lease Area; Richard A. Smith, James R. Slack, and
Robert K. Davis; U.S. Geological Survey Open-File Report
76-620; 1976b; 25 p.

OCS regions which will experience oil and gas develop-
ment (the Atlantic and Pacific coasts, the Gulf of Mex-
ico, and the Alaskan Peninsula) and will serve as focal
points for further development in those regions.

The primary objective of oilspill risk analyses con-
ducted by the Geological Survey is to determine the
risks of petroleum development for the tracts within a
given lease area, Such information is useful to the Fed-
eral Government in selecting tracts to offer for sale
from a list of tracts proposed for development by the
oil industry, It is also of inlerest, however, to make
comparisons in oilspill risk between lease areas, since
the sites represent the four major OCS regions and the
possibility of large differences in risk exists. An inter-
regional comparison will be the emphasis of the sum-
mary presented here. (For more detailed descriptions
of studies of individual lease areas, the reader is di-
rected to the bibliography of oilspill risk reports in
table 8.)

An important question concerning oilspill risk in
Federal areas is whether there are significant geo-
graphic differences in spill risk per unit of expected oil
production. (Risk per unit production can be measured
as expected number of spill impacts on a given re-
source or shoreline segment per billion barrels pro-
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Ficure 12.—Comperison of the observed slic

duced and transported to shore.) Differences in risk per
unit production among sites could influence the sched-
uling of future lease sales. One logical policy, for ex-
ample, would be to develop the sites bearing the least
risk per unit production first, in anticipation of contin-
ual improvement in spill prevention and cleanup tech-
nology.

Tabhle 9 gives the expected number of cilspills larger
than 1,000 barrels occurring and reaching shore during
the production life of the six lease areas studied. Where
applicable, data for existing and proposed tracts are
presented separately. Column 1 summarizes the re-
sults of trajectory model runs, and gives the range in
conditional probability of spills reaching shore from in-
dividual production sites and transportation routes

within each lease area, assuming a spill occurs. Column”

k from the Argo Merchant with a prediction of the Oilspill Risk Analysis Model of the U.5.
Geological Survey (Wyant and Smith, 1978),

2 gives the expected number of spill occurrences asso-
ciated with both production and transportation for the
six lease areas. Column 3 gives expected spills reach-
ing shore during the production life of the six lease
areas, and represents the sum of the products of condi-
tional probabilities and expected numbers of occur-
rences of oilspills for individual tract groupings and
transportation routes within each lease area. Column 4
gives total estimated oil production for each of the six
lease areas. Column 5 gives risk per unit production ex-
pressed as expected number of spills reaching shore
per hillion barrels of oil produced, and is calculated as
the quotient of column 3 by column 4,

A value for the average conditional probability of
contacting land from spill sites within a given lease
area can be obtained by dividing the expected number
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TaBLE 9.—Estimated conditional probabilities and expected numbers of spills larger than 1,000 barrels reaching shore as a result of
petroleum development in each of the six Federal lease areas

Range of conditional probability of Expected number of Expected number of Estimated oil Expected number of
hing shore from icipated spill occurrences spills reaching shore production spills ashore per billion
production areas and transportetion {million (bbls. produced)
Lease area routes {percent) bbls)
North Atlantic........... 2-79 2.4 1.1 500 2.2
Mid-Atlantic
Existing leases. . ... ... 2-42 3.3 A7 800 0.21
Proposed leases.. ... .. 1-42 0.86 .02 150 0.13
South Atlantic....... .... 69-97 3.2 25 660 3.3
Eastern Gulf of Mexico
Existing leases. . . .. ... 17-99 7.4 5.1 1800 2.8
Proposed leases....... 10-94 0.4 A7 70 2.5
Southern California
Existing leases. ... .... 1-97 2.3 7.0 1330 5.3
Proposed leases. .. .. .. 1-97 5.0 3.8 720 5.3
Gulf of Alaska. ........ ... 28-70 1.5 3.5 1550 2.3

of spills reaching shore (column 3) by the expected
number of spills occurring {column 2}.! In the North
Atlantic, for example, the average conditional proba-
bility of a spill reaching shore, given that one has oc-
curred on a randomly selected tract, is 46 percent
(1.1 = 2.4). It can be seen from table 9, column 1, that
even within the same lease area, the probability of oil-
spills reaching shore from different tracts and trans-
portation routes is quite variable. Ranging from less
than 20 percent to nearly B0 percent in a majority of
lease areas, the spread in conditional probability re-
flects variability in wind and current patterns within
each area as well as geographic differences, such as the
distance of potential spill sites from shore. The varia-
tion in risk among different potential drilling sites and
transportation routes is, in itself, evidence of the need
for an effective methodology for estimating risk prior
to tract selection.

Maore to the point of the present summary, however,
are the large differences in oilspill risk between the
lease areas, as seen in table 9. By far, the lowest risk of
spills reaching shore exists in the Mid-Atlantic area,
where the total expected number of spills reaching
shore over the production life of both existing and pro-
posed leases is only 0.19. In all other areas, the expec-
tation of spills reaching shore is at least 6 times higher
than in the Mid-Atlantic, and for southern California,
the expectation is more than 50 times higher. A major
reason for low risk values in the Mid-Atlantic area is
clear in the results of trajectory model runs for that

*1t should be pointed out that averages calculated in this way amount to a weighting of
the conditicnal probebilities of landing from each possible spill site by the relative Ekeli-
hood of spills occurring at that location.

area (Smith and others, 1976; Slack and Wyant, 1978):
the predominance of westerly winds and the great dis-
tance of tracts from shore (60 to 100 miles) combine to
make the conditional probability of reaching shore
comparatively low {1 to 42 percent).

The most significant comparison of oilspill risk
among Federal OCS areas is given in the figures for ex-
pected contacts with shoreline per unit production
{table 9, column 5). It is worth noting that values for
expected impacts per unit production are nearly inde-
pendent of estimated oil production since production
estimates appear both in the denominator and numera-
tor of the calculation. Thus any errors in predicting oil
production are not carried over into this measure of oil-
spill risk,

In terms of risk per unit production. the greatest
contrast is, again, between the Mid-Atlantic lease area,
where the expectation of spills occurring and reaching
shore is less than one per billion barrels preduced, and
the southern Calitornia lease area, where the expecta-
tion is more than five landings per billion barrels pro-
duced. Overall, three lease areas stand out as having
comparatively high risks of onshore impacts per unit
production. These are the southern California, eastern
Gulf of Mexico, and South Atlantic areas—each with
risk values greater than 2.5 landings per billion barrels
produced. The Gulf of Alaska and the North Atlantic
together compose a sort of medium risk category, with
landing expectations of 2.3 and 2.2 per billion barrels,
respectively,

All of the above statistics refer to the risk of oilspills
reaching the shoreline within the boundaries of the dig-
ital map used to track spill trajectories. Since so many
resources vulnerable to spilled oil are located on or
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near the shoreline, probability of contacting land is
perhaps the best single descriptor of the risk of oilspill
damages in OCS lease areas. However, the probability
- of contacting land is not always an indicator of the
probability of impact on all the resources, and it is ad-
visable to avoid condensing the description of oilspill
risk into a single number. For this reason oilapill risk
analyses have considered risk to an extensive list of
specific resources {typically 20-30} for each lease area.
Tahle 10 compares OCS Lease areas on the basis of
oilspill risk to six general categories of coastal and ma-
rine resources. The second part shows the expected
number of contacts with each resource category per
billion barrels produced. For the most part, the otlspill
risk values in table 10 follow the same pattern estab-
lished in table 9; that is, the lowest impact probabili-
lies appear for the Mid-Atlantic leasc arca, and the
highest appear for the southern California lease area.
There are three important instances in table 10, how-
ever, where oilapill risk is not highest for the southern
California area. These are high-density resort and rec-
reation areas (highest for the South Atlantic}, critical
waterfowl and seabird habitat (highest for the Gulf of
Alaska), and marine mammal concentration areas{also
highest for the Gulf of Alaska).

OTHER POSSIBLE USES OF THE MODEL

Although the primary purpose of the model is to as-
sess oilspill risks from OCS lease sales, it has several
other potential applications. Wyant and Smith (1978)
described how the model was used in a “real time”
mode to predict movement of oil spilled from the tank-
er Argo Merchant, A lease sale analysis had only re-
cently been completed that included the area of the
grounding, and the necessary data files were already in
existence. Because subsequent model runs have ex-
panded the model’s data base to include major por-
tions of the U.S. Outer Continental Shelf, operation in
the real time mode would be possible in many other sit-
uations. Conversion to real time operation is relatively
simple: data files must be retrieved from tape archives,
and program SPILL must be modified so that each
Monte Carlo trajectory run begins with a ‘“‘present”
wind velocity. However, it must be emphasized that
such use is an extension beyond the original model de-
sign, and may not be as efficient nor as technically
sound as using models designed specifically for oilspill
cleanup.

The model’s risk assessment capabilities are not li-
mited to risks of OCS lease sales; other potential
sources of oilspills, such as tanker import routes, can
be analyzed as well. Since data files must be estab-
lished for OCS lease sales in any case, the marginal
costs of including other oilspill risks are small.

PRACTICAL ASPECTS OF OPERATING
AND MANAGING THE MODEL

The model has been used to analyze oilspill risks in
eight OCS lease sales, and its continued use is antici-
pated for future sales. To give potential users a realis-
Lic appraisal of the effort involved in model operation,
this section discusses the practical aspects of operat-
ing the model. The management system which has
evolved over three years of modeling operations is des-
cribed, and the necessary software and hardware sup-
port for the model is identified.

MANAGEMENT SYSTEM

The model is constructed as a network of modules, or
tasks. Each module is designed to accomplish a single
specific objective using, as input, output produced by
earlier modules. The major elements of a complete
model run are illustrated in figure 13.

Modular construction is not unusual for large mo-
dels, as it greatly simplifies the modification process,
The internal workings of any module may be freely
changed, as long as its input and output remain com-
patible with associated modules,

The network shown in figure 13 can produce an OCS
lease sale analysis—from data input to final report—in
four months, Initial priorities are to establish a refined
set of input data files for program SPILL, and to iden-
tify alternative leasing and transportation scenarios.
As program SPILL requires a substantial amount of
computer time, every effort is made to find and correct
errors in the data submitted to SPILL before the latter
is executed. Trajectory test runs help to spot data cr-
rors and to identify a satjsfactory set of launch points
for potential spills. Program SPILL produces nothing
more than a disk file containing the outcome of each
Monte Carlo trajectory run, which subsequent pro-
grams use to generate conditional probabilities. The
latter are combined with leasing and transportation
scenarios to determine overall probabilities.

The different stages of model development for a typi-
cal sale may produce as many as 50 files. All of these
are saved on disk, so that the analysis can be restarted
at any intermediate point. Printouts associated with
creating these files serve a valuable function in quality
control,.and help to document the progress of a model
run.

SOFTWARE

There are 21 cumputer programs used in the present
version of the model, all written in IBM FORTRAN
IV, Level H. An extensive library of subroutines and
functions (written in either assembly language or FOR-
TRAN), in addition to the system libraries, is also em-
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TabLE 10.—Expected number of oilspill contacts with coastal and marine resources in six Federal lease areas
[*, less than 0.01; —, not evaluated]

Crivical wacerfowl, Marine mammal CriLical habital of

Lease area. High density resort Commercial fish, Wildlife refuges,
& recreation areas shellfish areas sanctuaries seabird habitat concentrating areas rare or endangered
species.
Contacts during production life

North Atlantic. . ........... 1.0 1.38 0.43 0.76 0.1 0.17
Mid-Atlantic

Existing .............. .02 .08 A2 .15 01 .10

Proposed .............. * .01 .02 02 * .01
South Atlantic............. 1.4 1.45 .08 .08 03 03
Fastern Gulf of Mexico

Existing ............ .. 92 4.75 2.64 .56 * 1.14

Proposed .............. .06 24 0.10 02 » 08
Southern California .

Existing ........... .. 1.9 7.0 5.7 3.00 2.66 3.91

Proposed ... ......... .. 1.1 3.6 3.0 1.45 1.43 1.97
Gulfof Alaska . .......... .. —_ 5.5 0.45 6.62 7.5 -

Contarcts per hillion barrels of oi! produced

North Atlantic. . ..... .... .. 1.9 2,76 0.86 1.5 0.2 0.35
Mid-Atlantic

Exisbing - ... ... ... .03 .10 16 .19 .06 .13

Proposed . ............. * .07 13 13 * .07
South Atlantic. .. ....... ... 2.1 2.18 A2 12 .05 .05
Eastern Gulf of Mexico

Existing .............. .51 2.63 1.46 31 * B3

Proposed ... .......... 91 3.53 1.47 .29 ¥ 1.23
Southern California

Existing .............. 1.4 6.3 4.3 2.26 201 2.95

Proposed . ............. 1.5 5.0 4.2 2,03 2.00 2.75
Gulfof Alaska ... .......... — 3.5 29 4.27 438 —

ployed. Proprietary, commercially available subrou-
tine packages are used to control the plotting equip-
ment.

Many of the 21 programs involve relatively straight-
forward processing of digitized raw data. The output
from the present digitizing equipment used by the mo-
del requires considerable programmer intervention to
correct both human and machine errors, In addition,
the raw data do not always arrive in a standard format
and often need manipulations such as map projection
transformations. Therefore, the “front end’” programs
of the model are usually recompiled, with the necessary
modifications, for each individual run. Complete, for-
mal documentation is obviously difficult to achieve un-
der these circumstances and is not expected to be com-
pleted until planned improvements in digitizing equip-
ment are accomplished

The remaining programs of the model, including
such major programs as WINDTRAN, SPILL, and
NU, are stored on a disk in a partitioned data set. Their
operation is controlled by catalogued procedures, and
extensive checks and interlocks help to ensure correct

usage. Although design improvements still result in
program changes, careful documentation is main-
tained for this group of programs.

HARDWARE

The computer hardware requirements for a model
this size are substantial. The model is designed to be
run on an IBM System/370, Model 155 computer. (The
U.S. Geological Survey National Center in Reston, Vir-
ginia, has three such computer systems.) Eight hun-
dred kilobytes {800K} of core storage is required for the
largest program, although most of the programs need
less than 200 kilobytes. All of the model’s files are de-
signed to be stored on a dedicated, on-line 3330 disk-
storage unit; about 2,000 tracks are required for each
OCS lease sale analysis. Tape drives, a plotter, and a
digitizer are also required for full operation of the mo-
del. When using the model to its full capability, an an-
alysis for an OCS lease sale can require a total of up to
12 hours of CPU time, although no single program is

designed to run for more than 30 minutes of CPU time.
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Freuae 13.—Flow chart llustrating the major elements of & complete model run.
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Prog.rams requiring a longer time are broken into sev- | placing a noticeable strain on computer center opera-
eral jobs and tl_m output files are concatenated. Some | tions, and are usually scheduled for execution at off-
pragrams, particularly program SPILL, are capable of | peak hours,
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