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The National Research Council was established by the National academy
of Sciences in 1916 to associate the broad community of science and
technology with the Academy's purposes of furthering knowledge and of
advising the federal government. The Council operates in accordance ]
with general policies determined by the academy under the authority of
its congressional charter of 1863, which establishes the Academy as a
private, nonprofit, self-governing membership corporation. The
Council has become the principal operating agency of both the National
Academy of Sciences and the National Academy of Engineering in the
conduct of their services to the government, the public, and the
scientific and engineering communities. It is administered jointly by
both Academies and the Institute of Medicine. The National Academy of
Engineering and the Institute of Medicine were established in 1964 and
1970, respectively, under the charter of the National Academy of
Sciences,
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DISCLAIMER

All opinions, conclusions, and recommendations expressed in the
papers and commentary are those of the individual authors. The
conclusions and recommendations presented by the moderators in the
closing plenary session are those of each working group and are not
necessarily those of the moderators. They will not necessarily be the
conclusions and recommendations of the Committee on Reducing Tankbarge
Pollution or the National Academy of Sciences. The commentary
submitted after the workshop is reproduced as received and all
material therein is the responsibility of the individual authors or
their supporting organization where no authors are given. The
material in the section covering the opening plenary session is taken
from the speakers prepared texts and may vary from what was actually
said; no transcript of the opening session was made. Conclusions and
recommendations made by the Committee on Reducing Tankbarge Pollution
will be published in a separate report.
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FOREWORD

AS a result of the controversy over its proposed regulations
requiring double-hull tankbarges for oil transport, the Coast Guard
asked the Maritime Transportation Research Board (MTRB) of the
National Academy of Sciences to study ways of reducing tankbarge
pollution. The workshop held April 15-16, 1980 was the first phase of
the project. The second phase will be the Committee's report with
conclusions and recommendations which will be published later as a
separate report.

The purpose of the workshop was to gather information and ideas for
the Committee's consideration and to provide another public forum for
views and positions to be presented and discussed. Participants from
industy, labor, government, and environmental groups were invited to
present papers and join the discussions. As evidenced by these
proceedings, much information was presented and discussed. While the
effect that this workshop will have on the final solution to the
problem is not yet known, it was an educational two days for all

participants.

The purpose of the opening plenary session was to provide a common
background to the participants via a statement of the Academy's role
and procedures, position statements from the Coast Guard and industry,
and summaries of the two studies on the effectiveness and costs of
double-hull barges that were commissioned by the towing industry.
Following the opening session the participants separated into five
working groups, meeting simultaneously, to listen to papers and
discuss the options and problems. At the end of the workshop, the
participants reassembled to hear each moderator present a summary of
the discussion, conclusions, and recommendations from his group. To
provide for any points of view not covered in the discussion, there
was an opportunity for participants to submit written comments during
the 30 days following the workshop. These are included in Section

VIII.

It should be understood that the Committee's deliberations are not
limited to the material, conclusions, or recommendations of the
workshop. The workshop provided information for the Committee, but
the Committee will also consider other material and will form its own
conclusions and recommendations which may differ from those made at

the workshop.




The Committee on Reducing Tankbarge Pollution and the MTRB wish to
thank all the authors and participants who made the workshop a
success. Special thanks are given to Clifton Curtis of the Center for
Law and Social Policy for his assistance in planning the workshop and
to Mr. George Brazier and !is assistant, Wayne young, from the Corp of
Engineers for moderating Working Group IV. Finally, Mr. Kenneth
Reese, Consultant, is commended for his timely editorial assistance
with these proceedings.
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OPENING REMARKS

Everett Lunsford
Project Manager
Committee on Reducing Tankbarge Pollution
Maritime Transportation Research Board
National Academy of Sciences

Dr. Eric Schenker, chairman of the committee, is the moderator
today. Dr. Schenker is the Dean of the School of Business
Administration at the University of Wisconsin at Milwaukee; his
specialty is transportation economics.

This study by the National Academy of Sciences on reducing
tankbarge pollution, while sponsored by the Coast Guard, is an
independent look at the tankbarge pollution question. The Academy's
primary work is providing scientific and technical advice to the
Federal Government. This is accomplished by volunteer committees drawn
from industry, the academic community. and other nongovernmental
organizations with an interest in the particular issue. The committees
have liaison representatives from the interested government agencies,
but these liaison representatives do not have a vote in committee
decisions. Administrative support for the committees is provided by
Academy staff,

In selecting a committee, the objective is to provide a balance,
with all major parties represented. We also try to have some neutral
members on our committees to provide a different perspective on the
problem. These would be people with experience or training applicable
to the problem, but with no direct involvement with the affected
parties. An example in this case is Dr. Schenker, who is a
transportation economist, but has no direct involvement in the maritime
industry. The Academy board or commission in charge of each study
assembles a list of nominees, with biographical data for each, for that
committee. This list is reviewed by the Academy for completeness,
balance, and any conflicts of interest. A board will be asked to
nominate additional members, or a nomination may be disapproved, if the
Academy is not satisfied.

When a committee's report is complete, it is reviewed by the board
and commission administering the study and, in some cases, by the
Academy's Report Review Committee. The commission review is
accomplished by independent reviewers unknown to the committee and
administering board. After a report is approved, it is sent to the
sponsoring agency and made available to the public through the
Academy's publications office or the National Technical Information

Service.




The Committee on Reducing Tankbarge Pollution consists of the
following persons:

. Dr. Eric Schenker, Chairman

Hazel Brown, President
Harry Lundeberg School of Seamanship

Donald Courtsal, Vice President
Dravo Corporation

Ralph Hooper, President
Interstate & Ocean Transport

Virgil Keith, Managing Principal
Engineering Computer Optecnomics

Robert S. Lagattolla, President
Water Quality Insurance Syndicate

Berdon Lawrence, President
Hollywood Marine

Dr. Richard Michaels, Urban Systems Laboratory
University of Illinois at Chicago Circle

This workshop is Part I of the committee's study; proceedings will
be published separately this summer. Part II is the committee report
itself, which is scheduled for publication in December.

{ I want to emphasize that the objective is to examine ways of
reducing tankbarge pollution; therefore, the scope of this workshop is
much broader than the Coast Guard's proposed double-hull barge rules.
The committee's report will address the various ways in which tankbarge
pollution can be reduced and the advantages, problems, and costs of
each. Our purpose these two days is to gather information for the
report.

{ If, at the end of the workshop, anyone feels his particular

N viewpoint was not fully presented, we will accept written comments

# until May 16. These comments will be considered by the committee in
: preparing its report. Do not send any material that you submitted to
o the Coast Guard in response to its double-hull rules. Each committee
member has a complete copy of the docket, including letters, public
hearing transcripts, and the Booz-Allen and Frankel studies.
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KEYNOTE ADDRESS

Vice Admiral Robert H. Scarborough
Vice Commandant, United States Coast Guard

When Admiral Jack Hayes first took office as Commandant he
committed himself to a basic tenet -- to maximize safety with minimum
necessary regulation, while still facilitating commerce. That's not
only a mouthful, but a tall order. It is also why we are here today.

As we reviewed the comments received on the tankbarge regulatory
action, we both had nagging doubts about what was really in the
national interest. And when I speak of the national interest, I mean
it in its broadest sense -- the whole range of strategic considerations
that must go into that kind of a decision in today's world. I suppose
the feeling was a gut reaction which said that "If we begin with
certainties, we shall end in doubts; but if we begin with doubts, and
are patient in them, we shall end in certainties."

What leads us astray sometimes is the certainty of having a mandate !
in law which requires action. Combine that with the typical Coast
Guard "can do" spirit and you have a compelling need to “do .
something!" There shouldn't be any disagreement that the law requires
us to do something. The decision we have to make is what is the best
way to meet the intent of Congress.

The proposals that the Coast Guard published were one possible
solution., It is not the only solution, and we certainly are not
committed to it if a better idea can be identified.

I will not discuss the specific proposals that we published, as
this will be done later. Needless to say, they aroused considerable
controversy. The "process," believe it or not, is working. Your
voices, our doubts, and I hope our mutual commitment to do what is
proper, is why you all are here today. The Secretary of Transportation
and the Commandant both recognize that the national interest requires
that all parties with a legitimate interest be involved in finding a
solution. The decision we ultimately make will no doubt have an effect
on the growth and economic health of the towboat and barge industry.

We asked the National Academy of Sciences to study the tankbarge
oil-pollution problem because the Academy has the unique ability to
call upon the entire range of this nation's intellectual resources when
it is necessary to address such a problem of national importance. The
, Academy also has a very well structured process which goes to great
! lengths to eliminate bias in determining study recommendations. The
workshop approach was chosen to provide a fail-safe opportunity for all




interested parties to engage in a unique dialogue within the rulemaking
process,

We hope these workshops will provide information that will help the
Academy's study committee to formulate meaningful findings. The
Academy's final report should round out our total knowledge on the
problem. From there I know we can proceed with the assurance that we
will be prepared to meet our statutory responsibilities with
regulations which not only protect the environment, but also are the
least burdensome and costly to the industries involved. ;

I urge you to participate in the workshops with the view that we do
not desire this to be an adversary proceeding, but an objective
approach to identify solutions which are suitable for all concerned.

By definition, there is something for everyone in compromise. We are
here to find more acceptable ways to reach an uncompromised objective.




COAST GUARD GENERAL COMMENTS

Rear Admiral Henry H. Bell
Chief, Office of Merchant Marine Safety
United States Coast Guard

I am sure that most of you are familiar with the background of the
Coast Guard's efforts to reduce o0il pollution from tankbarges.
However, I will review some of the background for the benefit of any
who are not aware of the Coast Guard's involvement and to highlight
some aspects of this effort that I feel are important.

This workshop will address all aspects of the problem of oil
pollution from tankbarges. I would like briefly to present the problem
as the Coast Guard sees it.

For the years 1971 through 1978, data in the Coast Guard Pollution
Incident Reporting System (PIRS) shows that tankbarges spill an average
yearly volume of about 56,000 barrels of oil. The amount spilled in
any individual year varies, and the percentage of the total amount of
0il entering the waters of the U.S. from this source varies from 5 to
24 percent. 1 realize that many people have pointed out shortcomings
in the PIRS data. This is especially true for individual cases.
However, as an overall measure of the volumes of oil being spilled by
various sources the PIRS data constitutes a good indicator.

To try better to understand the tankbarge Qpllution problem, the
Coast Guard contracted with Vitro Laboratories Division of Automation
Industries to study tankbarge oil pollution. The important conclusion
reached by that study was that approximately 85 percent of the total
volume of oil spilled by tankbarges came from about 15 percent of the
incidents, and these incidents involved hull damage. In preparing the
response to a Presidential initiative which required an evaluation of
design, construction, and equipment standards for tankbarges, the Coast
Guard examined the PIRS data and reached the same conclusion.

Thus the Coast Guard has concluded that tankbarges are a
significant source of o0il pollution and that the majority of this
pollution comes from tankbarge incidents that involve hull damage.

The Coast Guard is charged by various laws with reducing oil
pollution from tank vessels. The first requlatory effort at reducing
oil pollution due to tankbarge-hull damage was published in December
1971. At that time a proposal to require double walls on new
tankbarges was published, and ideas on how to reduce pollution from
existing tankbarges were requested. The proposal to require double
walls was withdrawn because of industry opposition and a recommendation

B e el




that the problem needed further study. NoO ideas or suggestions on how
existing barges should be handled were received.

A joint Maritime Administration/Coast Guard tankbarge study was
completed in 1974. The results of that study of various construction
alternatives indicated that a double-hull construction standard with a
24-in. separation of hulls would be most effective in preventing
pollution if hull damage occurred. The 1978 Vitro study mentioned
before was done to establish the sources of oil pollution from
tankbarges and help us to determine if regulations were needed. 1In
addition to these studies, various internal studies of tankbarge
casualty and pollution data were performed by the Coast Guard. These
previous studies and the Coast Guard analysis of the problem are
contained in the regulatory analysis for the proposals that were
published in the Federal Register on June 14, 1979.

The Coast Guard published a proposed solution to the problem as a
Notice of Proposed Rulemaking (NPRM) and an Advance Notice of Proposed
Rulemaking (ANPRM). I would like to stress two points. First, this
solution to the problem is one of many possible solutions. Second, the
proposal to require double hulls on new tankbarges was an NPRM, while
the proposal to phase out existing single-hull tankbarges was an ANPRM.

An NPRM is published when the Coast Guard is fairly certain as to
the regulatory action necessary to achieve a statutory goal. An
advance notice is used to solicit ideas on the approach to be taken to
solve a problem when the Coast Guard is less certain as to how to
proceed. 1In this instance, a fairly detailed proposal was laid out,
based on the lack of response to the 1971 request for ideas. This was
done to stimulate discussion and in the hope that it would result in
alternatives being presented to the Coast Guard. I think it is fair to
say that the ANPRM has generated discussion of the specific alternative
proposed. However, its broader objective of generating alternatives
has been completely unsuccessful. The general impression conveyed by
the public hearings and the written comments is that the Coast Guard is
committed to the alternative published as an ANPRM. I reiterate that
the Coast Guard is not committed to the phaseout of existing
tankbarges. The Coast Guard is committed to examining all alternatives
and pursuing the one that is best suited to solving the problem.

The fact that both an NPRM and an ANPRM were analyzed in the same
regulatory analysis was a major factor in determining the format of
that analysis. The methodology utilized for evaluating the economic
impacts of the proposals was chosen for two reasons. The economic
analysis measured the impact of the proposals and the relative
magnitude of the costs attributable to the proposal for new barges and
those attributable to the phaseout of existing tankbarges. To
accomplish this, a present-value calculation was utilized. Leaving
aside the absolute value of the cost, I think all will agree that
phasing out existing single-hull tankbarges is very expensive.
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As I have pointed out before, the ANPRM was one approach suggested
by the Coast Guard. Many of the comments received have pointed out
effects that were not foreseen in the original analysis. The bankers
have offered considerable testimony on the possible dire consequences
of an early phaseout and the effect on small operators. In this regard
I would say that the ANPRM has been effective as a tool for insuring
public participation and gathering additional information.

The tankbarge industry has spent a great deal of time and money on
two studies which independently have analyzed the June 14 proposals.
The economic-impact study by Booz-Allen & Hamilton (BAH) will be
discussed following my presentation. However, I will discuss some
factors that relate to both the Coast Guard and BAH analyses.
Unfortunately the two analyses cannot be directly compared in their
present forms.

Discounted present value of the future costs and benefits of a
program is an accepted technique for rational decisionmaking. It is
the only rational basis for choice between alternatives for which the
quantities and timing of future costs and benefits differ. The Coast
Guard used this technique to represent, on a comparable basis, the
estimated costs of the NPRM and the particular example used in the
ANPRM. BAH either rejected this technique or assumed that the
appropriate discount rate should be zero, which rendered the technique
irrelevant. Therefore, it is not valid to compare the BAH estimate of
undiscounted total costs to the figure used by the Coast Guard for the
present value of estimated future costs.

The relative discounted cost of alternatives can be sensitive to
the discount rate chosen. There has been a lot of consideration by
economists of the selection of an appropriate discount rate. We do not
know of any authoritative statement of the proper rate for evaluating
the cost impact of government-imposed regulations. The Coast Guard
selected the 10 percent rate specified in OMB Circular A-94 as an
authoritative value of general applicability. This may not be the
proper rate, but certainly some rate other than zero should be used.

The other major problem in comparing the two analyses is the actual
costs used in the estimates. The Coast Guard used constant 1978
dollars, while the BAH study used costs for an unspecified time. The
original MARAD/CG barge-construction costs were developed from
engineering estimates. BAH used contract prices and shipyard bids
provided by the barge operators. They showed that the difference in
cost between double-hull and single-hull construction was 37 to 43
percent rather than the 15 to 22 percent derived by the Coast Guard,
the implication being that the engineering estimates were
unrealistically low.

The Coast Guard has subsequently obtained contract prices for 99
double-hull and single~hull barges from MARAD Title XI
mor tgage-1uarantee applications for 1978 and 1979. One important




result of analyzing this data is the finding that construction costs
were inflating at an effective annual rate of about 25 percent during
this period. Any analysis of historical construction-cost data must be
calibrated in constant dollars to avoid spurious comparisons of

trends. At about 2 percent per month, even a few months' difference in
the ages of the data can introduce significant errors. If the dates of
the data for single~hull construction are older than those for double
hulls, then the apparant differences include both the actual cost
differences at a given time and the inflation for all construction.

The BAH study does not include the dates for the data points
utilized, so the possibility that the time factor may not have been
properly considered can not be examined. The Title XI data calibrated
to November 1979 are higher than those in BAH Figure I-I (New
Construction Costs for Inland Barges). However, they are about 16
percent higher for single hull and only 3 percent higher for double
hull. These data indicate a differential cost for double hulls of
about 24 percent in constant dollars. What is clear is that all of the
data on cost have to be assembled and analyzed using established
statistical procedures which account for the relationship among date,
size of barge, and cost.

Estimating the difference in total cost of new construction under
different regulatory assumptions requires a consistent set of
assumptions about the timing and composition of the building program.
Differences in the Coast Guard and BAH fleet projections could account
for a substantial difference in the projected costs derived in the two
analyses. Projecting fleet size requires an explicit assumption of the
growth in demand for the transportation of oil by barges. 1In
projecting the construction necessary to achieve the projected fleet
size, the mix of barge sizes should reflect current practices and
waterway capabilities rather than replacement in kind of barges of
obsolete sizes.

The other major study for the American Waterways Operators Tank
Barge Conference, performed by E. G. Frankel, Inc., was a structural
and statistical assessment of the Coast Guard proposals. I would like
to note that the Coast Guard agrees with the methodology of relating
incidents and spills. 1In the requlatory analysis prepared by the Coast
Guard, the effectiveness of the double hulls was improperly stated.
Double hulls will prevent between 85 and 95 percent of the spills
caused by hull damage. However, because of the influence of large
spills that probably could not be prevented by any reasonable
construction standard, the subsequent reduction in volume of oil
spilled will range between 28 and 50 percent. A more detailed
presentation will be given by LCDR Spackman in a paper he has prepared
for the workshop on technical options and problems.

The other point that I would like to make is with regard to the
structural assessment. Methods of collision analysis are somewhat
tentative at this time. All the methodologies for collision analysis
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contain simplifying assumptions which make the results imprecise.
Since this is a highly technical subject that is very complicated, the
Coast Guard has not prepared a paper on this subject. The Coast Guard
. has reviewed the Frankel strutural analysis and has some problems with
the manner in which the methodology was applied and some of the
’ assumptions made. My staff is available for technical discussions on
é‘ this subject. 1
E

! I have not covered all of the information contained in the public
: docket on the Coast Guard proposals. Copies of the Coast Guard

‘ proposals, the regulatory analysis, all written comments, and the

| transcripts from the five public hearings have been given to the 4 i
| National Academy of Sciences committee that is studying the tankbarge

i oil-pollution problem. All of this material should clearly present to !
that committee what the concerns of all parties were with regard to the

5 specific Coast Guard proposals.

In conclusion I would like to join ADM. Scarborough in urging that
you participate in this workshop to identify solutions which are
suitable for all concerned.

-
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SUMMARY OF INDUSTRY POSITION

Berdon Lawrence
Chairman, American Waterways Operators
Tank Barge Conference

Introduction

At this time of raging inflation, pending recession, shortage of
capital, energy shortage, and environmental concern, the government and
industry working together surely can find improved solutions to the
tankbarge pollution problem.

Tankbarge transportation is the lowest-cost, most energy-efficient,
and safest modes of surface transportation. You may recall that the
Southern Railroad advertised recently that railroads are the most
economic and energy-efficient means of transportation among truck,
rail, and barge. We challenged them. We said this was not true and
that we would move their cargo, cars, and locomotives and still be more
energy-efficient and economical. They agreed to leave barges out of

future ads.

We feel that through this workshop and the National Academy of
Sciences, which allows a broad participative format, better
decisionmaking will occur on tankbarge design standards and
alternatives to reducing pollution. This format allows all relevant
factors tqQ be presented, discussed, and studied.

The industry is opposed to mandatory imposition of double hulls on
tankbarges. There are many problems with double hulls, such as serious
safety drawbacks during operations in coastal and open waters, and they
are not as effective as is contended.

We will demonstrate that double hulls are not as cost-effective and
technically effective as other requlatory measures. This workshop
needs to reassess the nature of barge accidents and spills and
undertake an examination of more effective alternatives.

Congressional Mandate

The Coast Guard has stated that its promulgation of regulations
requiring double hulls responds to a Congressional mandate and refers
to "zero discharge" by 1985. Although we feel that the Coast Guard has
a mandate to reduce pollution by tank vessels, that mandate. is
unrelated to a zero-discharge requirement and clearly and absolutely
does not mandate double hulls. A key point to remember is that the

12
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cost to eliminate the last few percentage points of a problem can often
be astronomical.

The Industry's Environmental Record

On the nation's inland waterways, barges contribute less than 2
percent of the petroleum hydrocarbons that enter the aquatic
environment. The other 98 percent comes from urban runoff, municipal
wastes, and industries. This fact must be kept in perspective before
any regulation that would drastically hinder our nation's ability to
transport energy by water is considered.

Our industry is proud of our clean-water record. The domestic
barge fleet spills only about 5 barrels of oil for every 240,000
barrels it transports. This is a ratio of less than .00002 (two
one~hundred thousandths).

While double-hull barges have advantages in some trades, they are
not a cure-all for the problem of oil pollution from.tank barges.

Environmental Considerations

Petroleum and petroleum products are transported primarily in
single-hull barges.

Chemicals and toxic and extremely hazardous materials are handled
in double-hull barges; double hulls are preferred by industry in such
service because of frequent cargo changes and the characteristics of
toxic cargoes.

A clear distinction must be made between petroleum and toxic
chemicals. They have different characteristics and require different
vessel configurations.

It's easy to say that any oil spillage is bad. No matter how many
hulls we use and how many other measures we institute, we will have
some pollution.

Spillage of oil by barges or other sources has not been proved,
despite research, to cause imbalances in aquatic systems. Short-term
effects may occur in localized systems but such systems are soon
restored to balanced, productive environments. Natural degradation and
dispersion reduce oil to a nonpolluting state.

Millions of barrels of hydrocarbon material have been introduced
into the sea for centuries through natural seepage and bio-organic
production processes. For a simple example of living organisms'
producing oil, fail to wash your hair for several days and see what
happens. As a counterbalance, naturally occurring bacteria degrade
oil. This phenomenon is being observed particularly in the Gulf of

13
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Mexico today as the oil released from the Ixtoc well in Mexico is being )
reworked by natural processes.

-, We must discuss these aspects and be realistic in our approach.

Alternatives *

The industry suggests that this workshop, at a minimum, should 1
consider the following measures as effective alternatives to the
imposition of double hulls on tank barges.

Better aids to navigation to help operators avoid accidents

. More channel markers.

. Larger and better-quality markers and lights.

. Improved electronic types of aids for navigation of the tow
and location of the channel for more efficiency in all types
of weather.

. Studies of the relocation of dangerous existing man-made
structures and new ones being planned.

o i s bt s

Better design criteria along the lines first suggested by the ,j
Towing Industry Advisory Committee in 1975

. Increased plate thickness. i

. A 6 in. minimum radius at the critical point where the bottom ‘

| joins the side. ;
! . More rub bars installed at critical wear points.

Better use of our human resources to prevent pollution
. Continued industry training of crews. Better training of
Coast Guard inspectors and elimination of the rapid rotation ;
of inspectors, as this eliminates needed experience and |
professional ability. The inexperienced inspector cannot spot L
1
{
|

problems. I

. Improvement in o0il-spill cleanup ability and rate of cleanup. :

. Faster response to spills (vital equipment should be '

strategically located). b

* Development and distribution of improved damage-control i{

‘ techniques and equipment. L
< i Channel-maintenance dredging to ensure channels are kept at j

authorized depths. Increasing costs ($.50/yard to $7.50/yard !

in 10 years) and shortages of spoil sites have restricted i

8 dredging and impaired navigational safety. :
. Improved ice breaking capability to maintain a safe

environment when the transportation of petroleum is essential.

Conclusion

1

: N The tank barge industry supports improved measures to curb ’
. pollution. ?
!

]
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. We are proud of and will continue our efforts for pollution
control.

o We are proud that we have accomplished this while being
cost-effective and a safe mode of tranportation.

° The proposed regulations for double hulls miss the mark --
they attempt to remove the symptoms, not the cause of oil
spills.

. The proposed regulations are unnecessarily expensive and

burdensome without being effective at a time of
unprecedentedly high interest rates.

i By being able to work together in this workshop, however, we
can show that there are viable alternatives that should be
initiated that are both effective and cost-efficient in
further reducing pollution.

. Surely the government and industry, working together, can find

a better way.

Bl
S
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SUMMARY OF TANKBARGE STRUCTURAL ANALYSIS
AND
ANALYSIS OF TANKBARGE CASUALTY POLLUTION DATA

Prof. E. G. Frankel
E. G. Frankel, Inc.

I. SCOPE AND APPROACH

E. G. Frankel, Inc., authored a study assessing the expected
pollution reduction which would result from implementation of the U.S.
Coast Guard's proposed tankbarge design standards and regulatory
action. The report consists of a structural analysis of single- and
double-hull tankbarges with respect to pollution prevention in
accidents; an analysis of tankbarge pollution data for the period
1973-1977; and (based on the first two section and Booz-Allen's
economic impact study of tankbarge standards) the determination of a
cost/benefit ratio for the regulatory programs. ;

| A. STRUCTURAL ANALYSIS i

The purpose of the structural analysis was twofold: first, to
assess the relative ability of selected single- and double~hull barge
designs to withstand cargo-tank penetration; second, to determine the
maximum energy-absorption potential for each design. Three idealized
damage types were discussed:

. Side collision: 1Impact is sustained along a vertical line
extending the full depth of the barge. The striking object is
considered'perfectly rigid.

. Side ramming: A rigid, blunt horizontal object strikes the
barge at mid-depth, causing a roof-like indentation of the
shell.

i Hard grounding: A barge strikes a sharp rock while traveling
with forward velocity. A narrow, ripping failure occurs.

Three 300~ft. (30,000-barrel capacity) inland tankbarge designs
were compared for collision and ramming damage. The designs were
typical single- and double-hull and a single~hull barge with increased
{ side-shell thickness. The shape and extent of damage to the barge
§ structure were determined for an accident causing just enough damage to
: rupture the cargo tank. (For the double hull this means rupturing both
the outer and inner hulls.)

In the grounding analysis, the two typical 300-ft. inland barge
f designs as well as single- and double-hull oceangoing barges 340 ft.
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long (100,000 barrels capacity) were compared. Energy absorbed per
foot of damaged length was calculated for idealized "rocks" of various
sizes. The length of damage was determined for the barges in the fully
laden condition as a function of barge speed.

Throughout the analysis, assumptions were made which lead to
overestimation of the energy-absorption potential of the vessels.
Hence, an upper limit to the pollution-avoidance ability of the barges
was estimated. The major assumptions and difficulties of the analysis
are discussed in Part II of this paper.

Finally, the results were summarized and design implications were
considered.

B. ANALYSIS OF TANKBARGE POLLUTION DATA

Tankbarge oil-spill statistics exhibit a highly skewed size
distribution. That is, a small percentage of spills accounts for a
large percentage of the volume of oil pollution. These large-volume
spills are most likely to result from high-energy collisions and
groundings in which all tankbarges are vulnerable to cargo spillage
irrespective of construction standard. Consideration of this fact
allows an estimate to be made of the effectiveness of double-hull
construction in reducing tankbarge oil pollution by examination of the
small subpopulation of polluting incidents comprising the largest
spills.

The total relevant spill population consists of 331
transport-related single~hull tankbarge pollution incidents during the
period 1973-1977. The data were derived from the Pollution Incident
Reporting System for spills which were properly identified by tankbarge
official number. Of these 331 incidents, the 36 largest spills
(greater than or equal to 1000 barrels) were each examined to determine
whether a double~hull construction standard would have prevented the
spill. These 36 spills accounted for 91 percent of the total
(331~incident) spill volume. Assuming that double-hull construction
would be fully effective in preventing pollution from all
less-than-1000-barrel incidents, an upper-bound measure of double-hull
effectiveness was calculated.

Assessment of whether or not a spill was preventable was based on
the structural analysis of this report, review of the U.S. Coast Guard
Casualty Report (CG-2692), and, when necessary, the surveyor's report
and opinion.

C. COST-EFFECTIVENESS DETERMINATION

Booz-Allen and Hamilton, Inc., has evaluated the economic impact of
a double-hull construction standard for tankbarge new construction and




a program of accelerated retirement for the existing single-hull
fleet. Using their fleet projections and added construction and
operating costs and our double-hull effectiveness allowed the
determination of program cost in dollars per barrel of oil spill
prevented. This number, by itself, is insufficient to judge the
desirability of the programs. Given that reduction of oil pollution of
our waters is deemed necessary, policy choices should be based on
comparison of this figure with estimates of
tankbarge-pollution-abatement benefits and costs for alternative
programs (such as increased personnel training or improved aids to
navigation), as well as comparison of the costs and benefits of
reducing oil pollution from other sources.

II. STRUCTURAL ANALYSIS

A. METHODOLOGY

Hull-damage failures are of two general types:
deformation/buckling failure, and ripping/cracking failure. In an
accident, the former absorbs (requires) much more energy than the
latter. Plastic analysis methods were used to determine the energy
required to deform the structural members sustaining damage. "Plastic
energy" is the work done in permanently deforming a material. The
gross distortions of buckling, stretching, tearing, crushing, bending,
and twisting of plates and shapes in steel-vessel collisions and
groundings are plastic deformations.

A structural analysis of idealized side-ramming and side-collision
damage to river barges of single- and double-hull construction was
carried out. Assumptions were made which lead to an overestimation of
energy of damage: deformation-type failure was assumed; only strike
locations most favorable to large energy absorption before cargo-tank
rupture were considered. Grounding incidents were analyzed for inland
and offshore barges of single- and double-hull construction types. The
failure was a narrow rip in the bottom plating.

The general approach of the analysis was to assume a pattern of
structural-member failure for each damage type, strike location, and
design type and to determine the plastic energy required to deform the
structure to this final assumed shape. The final condition represents
rupture of the cargo tank. For a double~hull design, this implies
failure of both the inner and outer skins. ([The plastic (internal)
energy of deformation is equal to the kinetic (external) energy lost in
the accident. The external kinetic energy is the energy of rigid-body
motion of the participants in the accident. This includes
translational and rotational energy of vessels and their entrained
water, or "added mass."]

Damage-analysis methods were reviewed and those deemed most
appropriate to each damage type were used,




For ramming/collision damage types, most of the plastic energy of

deformation is absorbed in "membrane stretching" of the plating and

E . stiffeners of the outer (and inner) skin. This energy is proportional
to the volume of steel involved in the "stretching." The volume in
turn is determined by the thickness of plating (and size of stiffeners)
and the longitudinal and vertical extent of damage. Since the
longitudinal extent of damage was assumed to be either one or two frame
spacings, the energy-absorption potential is quite sensitive to the
particular design chosen for analysis.

1. Barge Designs Analyzed

For this analysis, typical single-skin and double-skin 300 ft.
(30,000 barrels capacity) designs were used. Single-skin inland barges
are dgenerally built to a better-than-ABS-minimum-scantling rule in
selected areas, based on experience. A modified single-skin barge, for
which the central strake of steel of the side shell was increased from
3/8 to 7/16 in., was also analyzed. The oceangoing barges analyzed are
340 ft. long and have a capacity of approximately 100,000 barrels.
Figure 1 describes the principal scantlings of the vessels.

2. Assumptions

Because of the complexity of tankbarge-accident analysis, several
simplifying assumptions were necessary to make the problem analytically
tractable. The assumptions were chosen so as to be as realistic as
possible and to provide an upper bound on the energy-absorption
1 capacity. In this manner, reliable comparisons of designs could be
b+ made, and a rough idea of collision survivability, in absolute terms,
could be obtained. Each assumption listed below is followed by an
evaluation of whether it led to an overestimate or underestimate of
absorbed energy.

. Failure of beamlike members (longitudinal plating and
stiffeners for side impacts, and transverse beams and floors
for grounding) when the transverse central displacement equals
one third of the span of the member.

This represents a significant overestimate of energy.
The assumption is that the full ductility of the steel is
exhausted while no cracks, tears, or punctures occur.

i The "striker" is perfectly rigid.

' While it may seem at first that we neglected the energy
i absorption of the striking structure and therefore
. underestimated the crashworthiness of our barge, it must
i be kept in mind that a striking bow will develop sharp
; ‘ edges which will tend to produce ripping and puncturing
i of the struck vessel, resulting in cargo spillage before
]
1
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appreciable energy dissipation. Thus, the overall effect
of this assumption is indeterminate.

Damage center located at or midway between frames.

This leads to an overestimate of energy. For impact
off-center or near a transverse bulkhead, less steel
participates in the damage.

Bending energy ignored.
Very slightly underestimate: bending energy represents

less than 2 percent of the total plastic energy of
deformation.

Damage confined to one or two frame spaces.

Prediction of the onset of transverse-frame buckling is
probably one of the most difficult aspects of the
failure-mechanism analysis and unfortunately is also one
of the most important in determining energy absorption.

Based on some photographic evidence, this assumption
seems reasonable.

Elasticity ignored.

Unimportant; accounts for less than 1 percent of the
energy absorbed.

Dynamic effects ignored.

There is evidence that for ship collisions, these effects
-- i.e,, strain-rate sensitivity, inertia, and heat
effects -~ are of minimal importance.

In each accident case, it was necessary to assume a specific
sequence and mode of deformation of the structural members
taking part in the energy absorption.

Thus, the more complex the structural arrangement, the
more uncertainty is introduced into the analysis.

Yield stress taken as 30,000 psi.

) This assumption underestimated the absorbed energy
because the loads were underestimated. Strain~hardening
) effects might have been accounted for by using

g i Rl

Go = 1 (ay + 0y)
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Oy = yield stress = 30,000 psi
Oy = ultimate strength = 60,000 psi

The net effect of all the above assumption is to overestimate the
energy-absorption potential. The critical factor is the failure type:
for both single- and double-hull designs, it is extremely unlikely that
a high-energy collision would not involve a sharp, penetrating rip or
the formation of a crack (which could cause cargo spillage) before
exhausting the available steel ductility.

B. DAMAGE ANALYSIS

i 1. sSide Collision

In this scenario, the barge collides with a vertical rigid object.
The type of damage sustained might result from a crash on a bridge-~pier
corner or a strike by a stiff vertical ship bow. Results of the
- analysis are given in Table 1.

! TABLE 1

SIDE COLLISION SCENARIO:
ENERGY ABSORBED AND IMPACT VELOCITY

Strike Location On Frame Between Frames
E v* E v
(ton-knots?) (knots) (ton-knots?) (knots)
Single Hull!} 66450 4.7 29530 3.1
Double Hull 34090 3.4 45810 3.9
Single Hull Increased
Side-Shell Thickness? 74920 5.0 33760 3.4

* Transverse

'tside 7/16"

2‘:side 5/8"

, Single Hull

The side shell was assumed to deform as shown in Figure 2. The
damage is confined to two frame spacings; the plating indents, forming
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two flat section with plastic hinges at the line of the strike and at
each flanking transverse frame.

For a strike midway between frames, the collision mechanics and
applicable methods are identical to the case of impact directly on a
frame. The longitudinal extent of damage, however, was assumed to be
one frame spacing. #

In addition to the typical 300 ft. inland barge, a barge with
heavier side plating was analyzed. The increase in collision
protection and the added weight of steel (which translates into lost
cargo-carrying capacity at a constant draft) were calculated.

Double Hull

For the double-hull barge, the collision mechanics is more complex
by virtue of the wing-void structure and the double-bottom floors,
which are very stiff in the transverse direction and therefore restrict
the longitudinal extent of damage near the bottom. For impact directly
on a frame, the side shell deforms as shown in Figure 2.

Results

The analysis shows that for an impact midway between frames, the
energy absorbed before rupture of the cargo tank is approximately the
same for single and double hulls of typical scantlings. An increase in
side-shell thickness on the single-skin barge from 7/16 in. to 5/8 in.
adds 19 percent more energy-absorption potential, while increasing the
weight of steel by 24 long tons. For a strike directly on a frame, the
single-skin barge has about twice the energy absorption of the
double-skin barge. The side-shell thickness increase adds another 18
percent to this. Membrane-tension energy in stiffened longitudinal
plating (shell and wingwall bulkhead) accounts for 72 to 88 percent of
the total energy absorbed. This energy is proportional to the volume
of the structural members involved. Hence, the extent of longitudinal
"spreading” of the damage is a critical determinant of total energy
absorbed. Longitudinal structural members promote this spreading. In
the double-hull barge, the transversely framed double bottom limits the
extent of damage longitudinally and reduces the penetration depth
corresponding to rupture. Moreover, the transversely stiff floors :
create "hard spots," or sharp edges, which promote ripping or puncture t
failure before the energy-absorption potential of the members has been
fully utilized. )

Increasing the thickness of the shell plating was shown to have a
significant effect on collisionworthiness without exacting a large
penalty in steel weight. The increase in energy is due to the increase
in the volume of steel participating in the damage. The increased
thickness has a further important effect in that it tends to spread the
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longitudinal extent of damage by promoting the collapse of the
transverse frames flanking the strike, allowing still more structure to
absorb energy.

2. Side Ramming

In this scenario, the barge strikes a rigid, horizontal,
blunt-ended object. The results are shown in Table 2. A
representation of the damage is shown in Figure 3.

TABLE 2

SIDE RAMMING SCENARIO:
ABSORBED ENERGY AND IMPACT VELOCITY

Strike Location On Frame Between Frames

E v* E v

(ton-knots?) (knots) (ton-knots?) (knots)

Single Hull! 32000 3.3 14880 2.2

Double Hull 35360 3.4 16300 2.3
Single Hull Increased

Side-Shell Thickness? 44820 3.9 20470 2.6

|

* Transverse

'tgide = 7/16"

5/8“

2
tside

Single Hull

The side shell was assumed to deform in a pyramidal or rooflike
shape, with four plastic hinges radiating diagonally in straight lines
to the corners of the damaged area. For the strike directly on a truss
frame, the damaged area extends two frame spacings. For the strike
midway between frames, the damage is confined to one frame spacing.

Failure occurs when the penetration reaches one third of the
shorter dimension of the damaged area. For the strike directly on the
frame, this would be the depth of the barge; for the strike midway
between frames, it is one frame spacing. The corresponding penetration
depths are 4 and 2.67 ft., respectively.

Double Hull
The outer hull collapses as in the single-skin case, with damage

confined to the area above the floors -- i.e., the top 10.5 ft. After
3 ft. of penetration, the inner hull is engaged and the sides deform in
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unison. After rupture of the outer hull, it was assumed to offer no
further resistance. Failure of the inner hull occurs when the total
penetration has reached 6.5 and 5.25 ft. for strikes directly on and
midway between frames, respectively.

Results

The single- and double-hull barges were found to have roughly the
same energy absorption. The strike at the frames involves twice as
much steel and has about twice the energy of the strike between
frames. For both strike locations, the single-skin barge with 5/8 in.
side~shell plating has 40 percent more energy-absorption potential than
the typical barge with 7/16 in. sides.

It would seem that the double-hull barge should absorb
substantially more energy than the single-hull because its two skins
undergo basically the same deformation as the single-skin's one.
However, this effect is offset by the narrower frame spacing and
shorter effective height of plating on the double-hull vessel of the
analysis.

3. Hard Grounding

In this accident scenario, a barge strikes an idealized sharp
"rock" while traveling with some forward velocity, and the bottom
suffers a long, narrow, ripping failure. The analysis calculated the
energy absorbed per foot of damaged length. The results are given in
Tables 3 and 4.

Two "rocks" were investigated: one of a height equal to half the
double~bottom depth, the other penetrating the full double-bottom
depth. 1In addition, two rock widths were analyzed to determine the
effect of the transverse extent of the rip on the amount of energy
absorbed.

Single Hull

The mechanics of the destruction of the bottom plating is
straightforward: the plating is ripped and pushed to the side, along
with the attached longitudinals, creating a swath the width of the rock
(see Figure 4).

Double Hull
The damage mode is identical to the single-skin mode with the

additional consideration of the transverse floors: for the full-depth
rock, the floors were simply treated as transverse members; for the




TABLE 3
GROUNDING OF 300' INLAND BARGES:

ENERGY AND LENGTH OF DAMAGE

Rock Height High (2') Low (1')
Rock Width Wide (3') Narrow (1') Wide (3°) Narrow (1')
Single- E/% 3270 960 3050 890
! Hull L* 23! 80" 25° 86°'
] Double- E/% 3600 1450 2360 880
Hull % 21" 53" 33 88"’
¢ Increase
in E/%2 for
DH vs SH +10% +50% -23% -2%

E/%

2%

"high" rock height

2' = double bottom depth

"low" rock height = 1'
"wide" rock width = 3¢
“narrow" rock width = 1°'

energy absorbed per foot of damaged length
(tonm—knotsz/foot)
length of damage for fully laden barge

‘ (A = 4260 long tons) at V = 6 knots
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TABLE 4
u‘ GROUNDING OF 340' OQCEAN-GOING BARGES:

ENERGY AND LENGTH OF DAMAGE

3 Rock Height High (2') Low (1') !
Rock Width Wide (3') Narrow (1') Wwide (3') Narrow (1') '
Single- E/L 4130 970 4130 970
Hull L* 65?1 2807 65! 280°
Double- E/% 7340 1950 3840 1270
Hull L* 37 138° 70°¢ 213"
$ Increase
in E/L for
DH vs SH +78% +102% -7% +32%
"high" rock height =4' = double bottom depth

"low" rock height =2

3'
ll

"wide" rock width

a "narrow" rock width

E/% = energy absorbed per foot of damaged length
g (tonm—knotsz/foot)
3 2* = length of damage for fully laden barge

(A = 15000 long tons) at V = 6 knots
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FIGURE 4 - IDEALIZED GROUNDING DAMAGE

| |
|
i
|
%
b = width of idealized “rock"
. = length of damage
t = thickness of plating i
hr = height of “rock"




half-depth rock, a rooflike form was assumed, similar to the shapes
proposed for the side-ramming scenario.

Results

The ripping of a narrow slit in the bottom plating of a vessel by
an idealized sharp rock requires very little energy per foot of damage.
As the width of the penetrating object increases, and more plating and
longitudinals resist the advance of the tear, the energy absorbed
increases substantially.

For the inland barges, the double hull affords up to 50 percent
more energy absorption per foot of damage. The offshore double hull
shows increases of B0 to 100 percent over the single skin for, the
"high" rock by virtue of the inner bottom platings becoming involved in
the energy absorption. Thus, in addition to preventing spillage from
incursions less than the double-bottom height, the inner bottom and
floors serve to reduce the length of damage, and hence the number of
cargo tanks ruptured, for rocks penetrating into the cargo tank.

C. SUMMARY

1. General

There are two general types of collision-protection schemes:
resistance type and absorption type. Resistance structures are
designed to withstand impact loads without failure. Absorption-type
schemes are designed to dissipate energy by plastic deformation.
Because of the huge loads and consequent large steel requirements,
resistance structures are the less desirable approach to
tankbarge-pollution abatement.

* There are two types of failure that structural members can
experience: ripping/cracking failure, and deformation/buckling
failure. The former requires significantly less energy.
Deformation/buckling energy is proportional to the volume of structural
steel undergoing damage and utilizes much of the available ductile
energy (toughness) of the structure.

2. Comparison of Designs

* The type of framing scheme employed in the side structure of a
barge strongly influences its energy-absorption capacity. Longitudinal
framing tends to spread the fore-aft extent of structure participating
in the energy absorption. In a transversely framed vessel, the damage
is localized, the loads become higher, and cargo-tank rupture occurs
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with less energy dissipation. Double bottoms are constructed using
3 transverse floors.

j * Double-hull barges are superior to single hulls in preventing
. oil outflows caused by sharp, shallow, low-energy rips and tears by
virtue of their spatial separation of the cargo tanks from the outer
shell. An example of this situation is grounding on a sharp object,

such as ice.

* Double hulls may be superior to single hulls for collisions
with very large-radius rigid objects (e.g., 20 ft. radius bridge pier)
because the object spreads the damage without the aid of the structure.

* Single-hull designs are better energy absorbers for collisions
with blunt objects because of their longitudinal framing and the
spreading mechanism described above.

®* For deformation/buckling failures, increased shell thickness
allows greater absorption of energy (prior to cargo-tank rupture) per
ton of light ship weight than a double-hull design.

* The energy of collision for which both single- and double-hull
designs suffer significant cargo spillage is not unusually high, in
light of the sizes and typical speeds of vessels plying U.S. waterways.

T _——>

* Because of the complexity of their wingwall structure,
double-hull designs have an increased probability of cargo-tank rupture
by cracking or tearing. For example, the area marked A in the sketch
below is a point of high stress concentration in a side collision.

A et e o T
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3. Implications for Tankbarge Design

* Consideration of pollution resistance should be a part of

tankbarge~design development.

* Longitudinal framing is preferred to transverse framing
because of its spreading of the damage. To further encourage this
spreading, transverse beams should be spaced as widely as possible
(while continuing, of course, to satisfy all scantling requirements)
and should be designed to buckle when subjected to large end loads
(corresponding to impact on side of barge).

* For double-hull barges, designs allowing the inner and outer
skins to act independently will increase the potential energy
absorption. This would require a relatively weak connection between
the skins at the bottom and deck. The effect would be to allow the
side shell and wingwall in turn to act as single-skin side shells, each
absorbing a large amount of energy.

®* 1Investigation of schemes for the use of tubular (and other)
structures as energy-absorbing devices should be encouraged.

* Increasing bilge and deck radii and changing flanged knuckles
to radii will reduce stress concentrations and crack formation from
bumps and dents.

* Double-hull barges may pollute less from cargo-tank !
penetrations because of the containment effect of wing and/or
double-bottom voids. For very large spills, the probably effect is
small. The effect may be significant for minor inner-skin ruptures.
* 1In evaluating the overall desirability of double bottoms,
consideration must be given to the added stranding potential of this
design. When a single-hull barge grounds, some oil is released and the
vessel rises in the water. When a double-bottom barge rips its bottom
plating, the barge sinks deeper because buoyancy is lost. As the barge
would now rest more heavily on the bottom, lightening efforts would be
made more difficult and the probability of a total loss of the vessel
would increase. Such a catastrophic casualty might lead to spillage of

an entire bargeload of oil, which would dwarf other tankbarge pollution
incidents.

¢ Imposition of uniform design standards for inland and offshore
tankbarges implicitly dismisses differences in operating environment,
such as exposure of oceangoing tankbarges to heavy slamming, cyclical
hogging and sagging stresses, and differing exposure to traffic and
operating hazards (restricted maneuvering, swift currents, locking,
fleeting, midstreaming, etc.).




III. ANALYSIS OF TANKBARGE POLLUTION DATA

A. METHODOLOGY

Spill data from the Pollution Incident Reporting System (PIRS) were
obtained for the five-year period 1973-1977. Table 5 describes the

derivation of the relevant spill population. Table 6 lists corrections
to the data base.

To illustrate the degree of skewness of the spill data, the spills
were listed in order of size. Analysis of this compilation revealed
that the 90th percentile and smaller spills account for only 1l percent
of the total spill volume; the 50th percentile and smaller spills
account for less than 0.5 percent of the volume. Since a small number
of the largest spills accounts for most of the volume of tankbarge oil
pollution, a determination of double-hull effectiveness for these
spills allows a good estimate of overall effectiveness to be made.

The effectiveness of double-hull construction in preventing
pollution was evaluated for each of the 36 spills (in the relevant
population) which were 1000 barrels in size or larger. These 36 spills
accounted for 91 percent of the total volume spilled. By assuming that
for all less-than-1000-barrel spills double-hulls would prevent
pollution, an upper-bound estimate of effectiveness was determined.

B. EVALUATION OF DOUBLE-HULL EFFECTIVENESS

Assessment of whether or not a spill was preventable was based on
the implications of the structural analysis, surveyors' opinions, and
Coast Guard vessel-casualty reports.

In cases of rammings and collisions (all of which occurred to
inland barges longer than 240 ft), it was judged that double walls
would not have prevented or significantly reduced pollution where gross
structural deformation caused a large rupture of the side of the barge
with penetration exceeding 36 in. (the typical width of wing voids).

In grounding incidents, if the penetration was estimated to be less
than 24 in., the spill was considerad preventable. Where it was not
known whether the object was high enough to penetrate the inner bottom,
the double hull was considered effective. All cases of capsizing,
sinking, and explosion or fire were considered unpreventable.

C. RESULTS

Table 7 lists the 36 spills of 1000 barrels or more in descending
order by size, indicating cumulative spill-volume percentage and
assessment of double-hull preventability. 1In the 36-spill sample,
seven spills were preventable by double-hull construction. These seven
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TABLE 5 - TANKBARGE OIL SPILL DATA

Number of Volume
Incidents (Barrels)

1

Tankbarge oil pollution 1973-1977 4429 253601
less PIR82 data not identified
by name or official number =156 63379
4273 190222
less transfer incidents3 ~-3918 -10899
355 179323
| less4 15 incidents involving
; improperly ddentified?>
' barges -15 -7683
§ 340 171640
less 1 spill caused by broken
line on pier -1 ~1786
less 3 tankship incidents -3 ~148
less 2 spills from an offshore
barge > 30000 dwt6 -2 -1954
less 3 double-hull tankbarge
incidents -3 -1750
331 166002
plus net corrections7 - +2207

Total identified, transport-related,

single-hull tankbarge pollution

incidents 1973-1977 331 168209

1 Source: Polluting Incidents In and Around U.S. Waters,

1973-1977

2 pollution Incident Reporting Systen.

3 Includes all spills less than 100 gallons in size. 1In this
category, 3409 incidents accounted for 1483 barrels of
spillage. Virtually all these spills are transfer
incidents.

4 The subsequent adjustments involve the 165 spills larger

than 500 gallons. Hence, all 190 incidents in the 100-500
gallon size-range are assumed to involve single-hull
tankbarges.

Vessel official number from PIRS not found in CG List of
Inspected Tankbarges.

These two spills, of 25 and 1929 barrels, were from the
ocean-going barge "New York", which, being larger than 30000
DWT, would be exempt from the proposed regulations.

See Table 6 for a list of the corrections.




TABLE 6

CORRECTIONS TO USCG DATABASE

Spill Size in Barrels

i Barge USCG Report Correct Value Confirmation
TS-86 1,500 20,000 USCG 2692
| ABC-2311 24,000 19,000 saybolt Report
Nepco 140 7,142 5,645 USCG 2692
Florida 5,357 1,714 Cairo Marine
Report
MM-102 4,000 3,068 Patco Report
Texas 2,000 1,209 Ingram
measurement
Sully 1,400 1,000 USCG 2692
IOT 162 2,100 2,000 Company records
T™™-10 9,000 6,000 USCG 2692,
company records
WGH 16 1,930 1,C00 Ashland Cil

Net Difference = +2207
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spills accounted for 25,521 barrels or 17 percent (25,521/153,245) of
the sample volume. Assuming that double hulls would also be fully
effective for all spills of less than 1000 barrels, the total
effectiveness would be 24 percent (40,536/168,209). Since some of the
larger spills of less than 1000 barrels resulted from high-energy
accidents, it is fair to say than an entirely double-hulled fleet would
eliminate 20 percent of the transport-related oil pollution of a
single-hull fleet and that most of the spillage would result from
infrequent, large oil spills. Summary statistics for the 36-spill
sample and subsamples based on preventability and certificated route
are given in Table 8.

Figure 5 shows the percentage of the total spill volume accounted
for by all spills smaller than the Nth largest spill and the percentage
of the total accounted for by preventable spills smaller than the Nth
largest spill. The graph shows that the larger a spill, the less
likely it is to be preventable. Thus, while a double-hull tankbarge
design standard would eliminate the great majority of oil-spill
incidents, the expected volume of pollution from double-hull barges is

at least 76 percent of that of single-hull barges and probably 80
percent. '

IV. COST-EFFECTIVENESS OF THE PROPOSED REGULATIONS

The measure used to evaluate the effectiveness of the Coast Guard's
proposed requlations was cost per barrel of oil spill prevented. This
cost was arrived at by applying the derived double-hull
pollution~-reduction effectiveness to the Booz-Allen & Hamilton
forecasts of tankbarge fleet mix (by single-/double-hull standard) for
the existing regulatory environment and assuming implementation of the
proposed regulations. The expected pollution for each scenario was
thus derived. The difference in expected spill volume for the 42-year
period considered (1979-2020) is the expected benefit of the program.
Using Booz-Allen & Hamilton's total construction and operating costs
for the program, the dollar cost per unit-volume reduction of oil
pollution was determined.

For the years 1973-1977, the annual average volume of
transport-related tankbarge pollution was 47,400 barrels. The average
size of the fleet carrying oil during this period was approximately
2850 barges, of which 2160 were single-hull barges. When we adjust for
partial double-hull vessels by assigning half of these barges to each
category, the proportion of single-skin barges in the oil-trading fleet
was about 80 percent. Using the value of double-hull effectiveness of
24 percent (as determined from the statistical analysis), annual
i pollution for tankbarges was:




TABLE 8
e SUMMARY STATISTICS 1973-1977
l LARGE SPILL SAMPLE - ALL SPILLS OF ONE THOUSAND
BARRELS OR MORE
(Volumes in Barrels)

ENTIRE SAMPLE

N = 36 Vv = 153,245
Mean = 4257 Median = 2190 S.D.

CATEGORIZED BY DOUBLE-HULL EFFECTIVENESS

: Preventable
| N=9 vV = 25,521

Mean = 2836 Median = 2430 S.D. =
|
| Unpreventable

N = 27 vV = 127,724

Mean = 4731 Median = 2000 S.D. =

CATEGORIZED BY ROUTE

Of fshore

N =7 vV = 25,552

Mean = 3650 Median = 2380 S.D. =
] Inshore
3 N = 29 vV = 127,693
§ Mean = 4403 Median = 2000 S.D. =
i
i
I
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i; EXPECTED ANNUAL TANKBARGE POLLUTION

_ Single Hulls 17.5 barrels/barge/year i
. Double Hulls 13.3 barrels/barge/year

Booz-Allen & Hamilton's fleet forecasts of tankbarges devoted to
carriage of oil for the study horizon (1979-2020) were as follows:

AVERAGE FLEET COMPOSITION 1979-2020

Proposed Regqulations Existing Regulations
Single Hulls 337 1615
Double Hulls 2361 909
Total 2698 2524

The expected annual pollution for the 42-year period was then
calculated for the two scenarios.

AVERAGE ANNUAL POLLUTION
(Barrels)

Proposed Regulations Existing Regulations
37,200 40,400

Savings from Regulations = 3,200 BBL/Year

Booz-Allen & Hamilton calculated that the expected additional
construction and operating costs resulting from the Coast Guard's
proposed regulations would be $2,874 billion for the 42-year period
1979-2020, or about $68 million annually. Therefore,

Annual Costs = $68,000,000 = $21,300/barrel of
Expected Pollution Reduction 3,200 spill prevented

This figure represents a low estimate because:

* The upper-bound double-hull effectiveness of 24 percent was
used.

* A high estimate was made of 1973-1977 annual pollution.
* The future benefits (pollution avoided) were not discounted.

Using a double-~hull effectiveness of 20 percent yielded a cost of
$34,000 per barrel of oil pollution avoided.
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ECONOMIC IMPACT OF TANKBARGE STANDARDS

I. Bernard Jacobson
Senior Associate
Booz, Allen & Hamilton
Transportation Consulting Division

Booz, Allen & Hamilton was engaged in July 1979 by The American
Waterways Operators, Inc., to analyze the increased costs that will be
suffered by the domestic inland- and coastal-barge industry if the U.S.
Coast Guard implements double-hull design standards for new and
existing tankbarges. This report documents our findings and
conclusions.

In this Executive Summary:

. The purpose of the study is defined.

i A summary of the findings and conclusions is presented.

. A summary of differences in the costs and methods of

calculation as computed by Booz, Allen & Hamilton and by the

Coast Guard is presented.

i The sources of information are described.

1. PURPOSE OF STUDY

The Coast Guard has proposed to amend its regulations for the
design and construction of tankbarges carrying oil in U.S waters. The
Proposed Rule in 44 FR 34440 of June 14, 1979 (CG Docket 75~083a) would
require double hulls for barges built after December 31, 1979. The
Advance Notice of Proposed Rulemaking in 44 FR 34443, June 14, 1979,
(CG Docket 75-083a) would prohibit certification of any oil tankbarge
that is 20 years old after December 31, 1985, if it was not constructed
with or converted to double hull or double side with end voids, double
bottom with end voids, or independent cargo tanks. Limited exemptions
to the proposed regulations are offered for existing barges for
nonpolluting cargoes, permanently moored barges, and barges operating
with minimal potential exposure to collisions, rammings, and
groundings. In accordance with the Department of Transportation's
"Regulatory Policies and Procedures" (44 FR 11034, February 26, 1979},
a Draft Regulatory Analysis was prepared by the Coast Guard and
released in July 1979. Chapter 4 of that analysis deals with the
economic impacts of the proposed regulations.
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The purpose of this study is to:

Assess the increased costs that will be suffered by the barge
. industry and the consumers of its services as a result of the
proposed Coast Guard construction standards.

. Compare the results of this analysis to the economic
assessment offered by the Coast Guard.

2. SUMMARY OF RESULTS

Booz, Allen & Hamilton has calculated that the expected impact of
the Coast Guard's proposed regulation will be $2.658 billion over the
period 1979-2020. This is 722 percent of the Coast Guard's total of
$368.3 million and indicates an understatement of $2.290 billion in the
Draft Regulatory Analysis. The findings and conclusions that led to
these figures are shown below in:

. Construction costs.
. Operating costs.
Other economic impacts.

| (1) Additional Construction Costs Will be $2.062 Billion During
the Period 1979-2020

Because of the proposed regulations, the barge industry will
spend $8.226 billion for construction costs instead of $6.164
billion during the years 1979-2020. This is 134 percent of the
capital needs if there were no change in the regulations. The cost
of construction of an average double-hull inland barge is $611,000,
which is 41 percent more than the $433,300 needed for a single-hull
barge. An average offshore barge would increase 38 percent in
cost, from $4.2 million to $5.8 million, for a double hull.
Retrofit costs would vary from $11 to $44 per barrel capacity, but
retrofit would generally be uneconomical compared to building a new
barge.

(2) Additional Operating Costs Will be $596 Million Quer the
Period 1979-2020

The proposed regulations will cost the barge industry .an

& average of $14.2 million per year to operate the additional barges
needed to maintain operating capacity. Other potential sources of
increased operating costs are more difficult to estimate.
Double-hull construction will cause the loss of 4.6 percent of

¢ fleet capacity for weight-limited cargoes because of the additional
weight of steel for double-hull construction. This requires 87
makeup barges and 15 towboats to push the barges. The annual
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operating cost of the barges is $2 million, and the annual

operating

costs, including amortized construction costs, of the

towboats is $12.2 million. The Coast Guard did not compute any
cost, although it did identify the need for 90 additional barges.

(3) Other Economic Impacts That Will Result From These Requlations

Are:

The additional cost of the proposed regulation will be
shared between the barge operators and their customers.
Most of the additional cost of one half mill per ton-mile
will be passed through to the purchaser of the
transportation.

The impact of the need for large capital borrowing will
fall harder on the smaller barge operators. The costs of
capital are larger for these small companies and may
force some of them out of the petroleum trades and also
out of the barge business.

If smaller firms go out of business, the level of
concentration of a smaller number of larger companies
will increase in the oil transportation industry.
Specialized services and local regions will suffer the
most.

3. DIFFERENCES BETWEEN COAST GUARD AND BOOZ, ALLEN & HAMILTON COST

ANALYSES

A number of differences exist between the methodologies and the
results of the Booz, Allen & Hamilton analysis and the Coast Guard's
Draft Regulatory Analysis. These are based on the following factors
used in the Booz, Allen & Hamilton analysis:

. Expected continued construction of single-hull barges under
the existing regulations.

. Higher cost differences between double-~ and single-hull
construction.

. Nonzero construction-cost inflation.

. Higher cost of capital.

. Higher barge lifespan.

. Calculation of increased operating costs.

Figure 1 identifies the quantitative differences between the two
analyses.
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FIGURE 1
LA Table of Differences Between
E‘ Booz, Allen & Hamilton and Coast Guard Analyses

: Booz, Allen

o Booz, Allen & Hamilton

é Factor & Hamilton U.S.Coast Guard Percent Greater

)

é’ Total Cost of

i Proposed Regulations $2,658 million $368.3 million 722
-Construction Cost $2,062 million $368.3 million 560

~Operating Cost $ 596 million §$ 0 -
Increased Cost for 3
Average Inland-Barge

3 New Construction $ 178 thousand § 66 thousand 270
Increased Cost for

Average Offshore-

Barge New
Construction $1,574 thousand $1,020 thousand 154
Construction Cost J
Inflation 11-13 percent 0 percent -
Cost of Capital 9-18 percent 10 percent -
Average Barge
Lifespan 28.3 years 20 years 142
é Single-Hull Inland-

Barge Construction
Under Existing
Regulations 848 barges 0 barges -

itk

SOURCE: Booz, Allen & Hamilton analyses

4. INFORMATION SOURCES

The information used in this analysis came from a variety of
sources. They are described below according to the type of data
supplied. Information was gathered concerning:

i New and retrofit construction cost and design parameters.

Fleet life expectancy.

Traffic statistics, costs, and rates.

° Costs and sources of capital.

o oA mas v i E 0 e o

. Industry concentration.

(1) Construction Costs and Designs

New construction cost information was collected from seventeen
inland and four offshore barge operators who had recently built or




had received firm shipyard bids for single- and double-hull tankbarge
construction. Retrofit data were collected from nine inland and two

Y offshore operators who had recently received bids for or completed

: conversions. Older costs were obtained from seven inland and two
offshore operators to develop an historical index of barge-construction
cost inflation. Nine barge operators and four shipyards provided
design data and capacity measurements