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The domestic and international rules governing the qualifications for personnel serving on tank
vessels have changed in recent years. To address those new requirements, the fourth edition of
Tanker Operations incorporates new material by Mark Huber and other contributors, providing
an updated textbook for maritime schools and individuals pursuing a tankerman endorsement. It
is also a standard reference for anyone involved in the tanker industry. The subject areas from
the third edition have been expanded and address such basics as vessel construction and cargo
characteristics; cargo piping and venting systems; cargo measurement and transfer operations;
ballasting and deballasting; tank cleaning operations and pollution regulations; gas freeing and
inert gas systems. New sections include inspection procedures for chartering, cargo pump
troubleshooting, and details concerning the role of the tankerman from a commercial
perspective in the transportation industry. Separate chapters are devoted to the hazards and
precautions relating to enclosed space entry and the emergency operations that involve
situations specific to the cargo area of a vessel. Review questions have been incorporated at the
end of each chapter to ensure that the information has been covered and understood by the
reader. A comprehensive glossary is also provided.

“Whether religious or not, this book will speak because it touches–profoundly, but simply–on
questions no parent and no person can avoid.” —Harvey Cox, Harvard Divinity School“When
Bad Things Happen to Good People offers a moving and humane approach to understanding
life’s windstorms.” —Elisabeth KŸbler-Ross“A touching, heartwarming book for those of us who
must contend with suffering, and that, of course, is all of us.” —Andrew M. Greeley“This is a book
all humanity needs. It will help you understand the painful vicissitudes of this life and enable you
to stand up to them creatively.” —Norman Vincent PealeFrom the Inside FlapWhen Harold
Kushner's three-year-old son was diagnosed with a degenerative disease and that he would
only live until his early teens, he was faced with one of life's most difficult questions: Why, God?
Years later, Rabbi Kushner wrote this straightforward, elegant contemplation of the doubts and
fears that arise when tragedy strikes. Kushner shares his wisdom as a rabbi, a parent, a reader,
and a human being. Often imitated but never superseded, When Bad Things Happen to Good
People is a classic that offers clear thinking and consolation in times of sorrow.Since its original
publication in 1981," When Bad Things Happen to Good People has brought solace and hope to
millions of readers and its author has become a nationally known spiritual leader.About the
AuthorHarold S. Kushner is rabbi laureate of Temple Israel in Natick, Massachusetts, having
long served that congregation. He is best known as the author of When Bad Things Happen to
Good People.Excerpt. © Reprinted by permission. All rights reserved.OneWhy Do the Righteous
Suffer?There is only one question which really matters: why do bad things happen to good



people? All other theological conversation is intellectually diverting; somewhat like doing the
crossword puzzle in the Sunday paper and feeling very satisfied when you have made the words
fit; but ultimately without the capacity to reach people where they really care. Virtually every
meaningful conversation I have ever had with people on the subject of God and religion has
either started with this question, or gotten around to it before long. Not only the troubled man or
woman who has just come from a discouraging diagnosis at the doctor’s office, but the college
student who tells me that he has decided there is no God, or the total stranger who comes up to
me at a party just when I am ready to ask the hostess for my coat, and says, “I hear you’re a
rabbi; how can you believe that . . .” —they all have one thing in common. They are all troubled by
the unfair distribution of suffering in the world.The misfortunes of good people are not only a
prob- lem to the people who suffer and to their families. They are a problem to everyone who
wants to believe in a just and fair and livable world. They inevitably raise questions about the
goodness, the kindness, even the existence of God.I am the rabbi of a congregation of six
hundred families, or about twenty-five hundred people. I visit them in the hospital, I officiate at
their funerals, I try to help them through the wrenching pain of their divorces, their business
failures, their unhappiness with their children. I sit and listen to them pour out their stories of
terminally ill husbands or wives, of senile parents for whom a long life is a curse rather than a
blessing, of seeing people whom they love contorted with pain or buried by frustration. And I find
it very hard to tell them that life is fair, that God gives people what they deserve and need. Time
after time, I have seen families and even whole communities unite in prayer for the recovery of a
sick person, only to have their hopes and prayers mocked. I have seen the wrong people get
sick, the wrong people be hurt, the wrong people die young.Like every reader of this book, I pick
up the daily paper and fresh challenges to the idea of the world’s goodness assault my eyes:
senseless murders, fatal practical jokes, young people killed in automobile accidents on the way
to their wedding or coming home from their high school prom. I add these stories to the personal
tragedies I have known, and I have to ask myself: Can I, in good faith, continue to teach people
that the world is good, and that a kind and loving God is responsible for what happens in it?
People don’t have to be unusual, saintly human beings to make us confront this problem. We
may not often find ourselves wondering, “why do totally unselfish people suffer, people who
never do anything wrong?” because we come to know very few such individuals. But we often
find ourselves asking why ordinary people, nice friendly neighbors, neither extraordinarily good
nor extraordinarily bad, should suddenly have to face the agony of pain and tragedy. If the world
were fair, they would not seem to deserve it. They are neither very much better nor very much
worse than most people we know; why should their lives be so much harder? To ask “Why do the
righteous suffer?” or “Why do bad things happen to good people?” is not to limit our concern to
the martyrdom of saints and sages, but to try to understand why ordinary people—ourselves
and people around us—should have to bear extraordinary burdens of grief and pain.I was a
young rabbi just starting out in my profession, when I was called on to try to help a family through
an unexpected and almost unbearable tragedy. This middle-aged couple had one daughter, a



bright nineteen-year-old girl who was in her freshman year at an out-of-state college. One
morning at breakfast, they received a phone call from the university infirmary. “We have some
bad news for you. Your daughter collapsed while walking to class this morning. It seems a blood
vessel burst in her brain. She died before we could do anything for her. We’re terribly
sorry.”Stunned, the parents asked a neighbor to come in to help them decide what steps to take
next. The neighbor notified the synagogue, and I went over to see them that same day. I entered
their home, feeling very inadequate, not knowing any words that could ease their pain. I
anticipated anger, shock, grief, but I didn’t expect to hear the first words they said to me: “You
know, Rabbi, we didn’t fast last Yom Kippur.”Why did they say that? Why did they assume that
they were somehow responsible for this tragedy? Who taught them to believe in a God who
would strike down an attractive, gifted young woman without warning as punishment for
someone else’s ritual infraction?One of the ways in which people have tried to make sense of
the world’s suffering in every generation has been by assuming that we deserve what we get,
that somehow our misfortunes come as punishment for our sins:Tell the righteous it shall be well
with them, for they shall eat the fruit of their deeds. Woe to the wicked, it shall be ill with him, for
what his hands have done shall be done to him. (Isaiah 3:10–11)But Er, Judah’s first-born, was
wicked in the sight of the Lord, and the Lord slew him. (Genesis 38:7)No ills befall the righteous,
but the wicked are filled with trouble. (Proverbs 12:21)Consider, what innocent ever perished, or
where have the righteous been destroyed? (Job 14:7)This is an attitude we will meet later in the
book when we discuss the whole question of guilt. It is tempting at one level to believe that bad
things happen to people (especially other people) because God is a righteous judge who gives
them exactly what they deserve. By believing that, we keep the world orderly and
understandable. We give people the best possible reason for being good and for avoiding sin.
And by believing that, we can maintain an image of God as all-loving, all-powerful, and totally in
control. Given the reality of human nature, given the fact that none of us is perfect and that each
of us can, without too much difficulty, think of things he has done which he should not have
done, we can always find grounds for justifying what happens to us. But how comforting, how
religiously adequate, is such an answer?The couple whom I tried to comfort, the parents who
had lost their only child at age nineteen with no warning, were not profoundly religious people.
They were not active in the synagogue; they had not even fasted on Yom Kippur, a tradition
which even many otherwise nonobservant Jews maintain. But when they were stunned by
tragedy, they reverted back to the basic belief that God punishes people for their sins. They sat
there feeling that their daughter’s death had been their fault; had they been less selfish and less
lazy about the Yom Kippur fast some six months earlier, she might still be alive. They sat there
angry at God for having exacted His pound of flesh so strictly, but afraid to admit their anger for
fear that He would punish them again. Life had hurt them, and religion could not comfort them.
Religion was making them feel worse.The idea that God gives people what they deserve, that
our misdeeds cause our misfortune, is a neat and attrac- tive solution to the problem of evil at
several levels, but it has a number of serious limitations. As we have seen, it teaches people to



blame themselves. It creates guilt even where there is no basis for guilt. It makes people hate
God, even as it makes them hate themselves. And most disturbing of all, it does not even fit the
facts.Perhaps if we had lived before the era of mass com- munications, we could have believed
this thesis, as many intelligent people of those centuries did. It was easier to believe then. You
needed to ignore fewer cases of bad things happening to good people. Without newspapers and
television, without history books, you could shrug off the occasional death of a child or of a
saintly neighbor. We know too much about the world to do that today. How can anyone who
recognizes the names Auschwitz and My Lai, or has walked the corridors of hospitals and
nursing homes, dare to answer the question of the world’s suffering by quoting Isaiah: “Tell the
righteous it shall be well with them”? To believe that today, a person would either have to deny
the facts that press upon him from every side, or else define what he means by “righteous” in
order to fit the inescapable facts. We would have to say that a righteous person was anyone who
lived long and well, whether or not he was honest and charitable, and a wicked person was
anyone who suffered, even if that person’s life was otherwise commendable.A true story: an
eleven-year-old boy of my acquaintance was given a routine eye examination at school and
found to be just nearsighted enough to require glasses. No one was terribly surprised at the
news. His parents both wear glasses, as does his older sister. But for some reason, the boy was
deeply upset at the prospect, and would not tell anyone why. Finally, one night as his mother was
putting him to bed, the story came out. A week before the eye examination, the boy and two
older friends were looking through a pile of trash that a neighbor had set out for collection, and
found a copy of the magazine Playboy. With a sense that they were doing something naughty,
they spent several minutes looking at the pictures of unclothed women. When, a few days later,
the boy failed the eye test at school and was found to need glasses, he jumped to the conclusion
that God had begun the process of punishing him with blindness for looking at those
pictures.Sometimes we try to make sense of life’s trials by saying that people do in fact get what
they deserve, but only over the course of time. At any given moment, life may seem unfair and
innocent people may appear to be suffering. But if we wait long enough, we believe, we will see
the righteousness of God’s plan emerge.So, for example, the Ninety-second Psalm praises God
for the wonderful, flawlessly righteous world He has given us, and hints that foolish people find
fault with it because they are impatient and don’t give God the time it takes for His justice to
emerge.How great are Your deeds, O Lord,Your thoughts are very deep.The ignorant man does
not comprehend them,Nor does the fool understand them.When the wicked spring up like
grass,And workers of iniquity flourish,It is that they may be destroyed forever. . . .The righteous
shall flourish like the palm tree,And grow mighty like a cedar of Lebanon. . . .To declare that the
Lord is upright,My Rock in Whom there is no unrighteousness.(Psalm 92:6–8, 13, 16)The
psalmist wants to explain the world’s apparent evil as in no way compromising God’s justice and
righteousness. He does it by comparing the wicked to grass, and the righteous to a palm tree or
cedar. If you plant grass seed and a palm tree seed on the same day, the grass will start to
sprout much sooner. At that point, a person who knew nothing about nature might predict that



the grass would ultimately grow to be higher and stronger than the palm tree, since it was
growing faster. But the experienced observer would know that the head start of the grass was
only temporary, that it would wither and die in a few months, while the tree would grow slowly,
but would grow to be tall and straight and would last for more than a generation.So too, the
psalmist suggests, foolish impatient people see the prosperity of the wicked and the suffering of
the upright, and jump to the conclusion that it pays to be wicked. Let them observe the situation
over the long run, he notes, and they will see the wicked wither like the grass, and the righteous
prosper slowly but surely, like the palm tree or cedar.If I could meet the author of the Ninety-
second Psalm, I would first congratulate him on having composed a masterpiece of devotional
literature. I would acknowledge that he has said something perceptive and important about the
world we live in, that being dishonest and unscrupulous often gives people a head start, but that
justice catches up to them. As Rabbi Milton Steinberg has written, “Consider the pattern of
human affairs: how falsehood, having no legs, cannot stand; how evil tends to destroy itself; how
every tyranny has eventually invoked its own doom. Now set against this the staying power of
truth and righteousness. Could the contrast be so sharp unless something in the scheme of
things discouraged evil and favored the good?” (Anatomy of Faith)But having said that, I would
be obliged to point out that there is a lot of wishful thinking in his theology. Even if I were to grant
that wicked people don’t get away with their wickedness, that they pay for it in one way or
another, I cannot say Amen to his claim that “the righteous flourish like the palm tree.” The
psalmist would have us believe that, given enough time, the righteous will catch up and surpass
the wicked in attaining the good things of life. How does he explain the fact that God, who is
presumably behind this arrangement, does not always give the righteous man time to catch up?
Some good people die unfulfilled; others find length of days to be more of a punishment than a
privilege. The world, alas, is not so neat a place as the psalmist would have us believe.I think of
an acquaintance of mine who built up a modestly successful business through many years of
hard work, only to be driven into bankruptcy when he was cheated by a man he had trusted. I
can tell him that the victory of evil over good is only temporary, that the other person’s evil ways
will catch up to him. But in the meantime, my acquaintance is a tired, frustrated man, no longer
young, and grown cynical about the world. Who will send his children to college, who will pay the
medical bills that go with advancing age, during the years it takes for God’s justice to catch up
with him? No matter how much I would like to believe, with Milton Steinberg, that justice will
ultimately emerge, can I guarantee that he will live long enough to see himself vindicated? I find I
cannot share the optimism of the psalmist that the righteous, in the long run, will flourish like the
palm tree and give testimony to God’s uprightness.Often, victims of misfortune try to console
themselves with the idea that God has His reasons for making this happen to them, reasons that
they are in no position to judge. I think of a woman I know named Helen.The trouble started
when Helen noticed herself getting tired after walking several blocks or standing in line. She
chalked it up to getting older and having put on some weight. But one night, coming home after
dinner with friends, Helen stumbled over the threshold of the front door, sent a lamp crashing to



the floor, and fell to the floor herself. Her husband tried to joke about her getting drunk on two
sips of wine, but Helen suspected that it was no joking matter. The following morning, she made
an appointment to see a doctor.The diagnosis was multiple sclerosis. The doctor explained that
it was a degenerative nerve disease, and that it would gradually get worse, maybe quickly,
maybe gradually over many years. At some point Helen would find it harder to walk without
support. Eventually she would be confined to a wheelchair, lose bowel and bladder control, and
become more and more of an invalid until she died.The worst of Helen’s fears had come true.
She broke down and cried when she heard that. “Why should this happen to me? I’ve tried to be
a good person. I have a husband and young children who need me. I don’t deserve this. Why
should God make me suffer like this?” Her husband took her hand and tried to console her: “You
can’t talk like that. God must have His reasons for doing this, and it’s not for us to question Him.
You have to believe that if He wants you to get better, you will get better, and if He doesn’t, there
has to be some purpose to it.”Helen tried to find peace and strength in those words. She wanted
to be comforted by the knowledge that there was some purpose to her suffering, beyond her
capacity to understand. She wanted to believe that it made sense at some level. All her life, she
had been taught—at religious school and in science classes alike—that the world made sense,
that everything that happened, happened for a reason. She wanted so desperately to go on
believing that, to hold on to her belief that God was in charge of things, because if He wasn’t,
who was? It was hard to live with multiple sclerosis, but it was even harder to live with the idea
that things happened to people for no reason, that God had lost touch with the world and
nobody was in the driver’s seat.Helen didn’t want to question God or be angry at Him. But her
husband’s words only made her feel more abandoned and more bewildered. What kind of higher
purpose could possibly justify what she would have to face? How could this in any way be good?
Much as she tried not to be angry at God, she felt angry, hurt, betrayed. She had been a good
person; not perfect, perhaps, but honest, hard-working, helpful, as good as most people and
better than many who were walking around healthy. What reasons could God possibly have for
doing this to her? And on top of it all, she felt guilty for being angry at God. She felt alone in her
fear and suffering. If God had sent her this affliction, if He, for some reason, wanted her to suffer,
how could she ask Him to cure her of it?In 1924 the novelist Thornton Wilder attempted to
confront this question of questions in his novel The Bridge of San Luis Rey. One day in a small
town in Peru, a rope bridge over a chasm breaks and the five people who are crossing the bridge
fall to their deaths. A young Catholic priest happens to be watching, and is troubled by the event.
Was it sheer accident, or was it somehow God’s will that those five people should die that way?
He investigates their life stories, and comes to an enigmatic conclusion: all five had recently
resolved a problematic situation in their lives and were now about to enter a new phase. Perhaps
it was an appropriate time for each of them to die, thinks the priest.I confess that I find that
answer ultimately unsatisfying. For Wilder’s five pedestrians on a rope bridge, let us substitute
two hundred and fifty passengers on an airplane that crashes. It strains the imagination to claim
that every single one of them had just passed a point of resolution in his life. The human-interest



stories in the newspapers after a plane crash seem to indicate the opposite—that many of the
victims were in the middle of important work, that many left young families and unfulfilled plans.
In a novel, where the author’s imagination can control the facts, sudden tragedies can happen to
people when the plot calls for it. But experience has taught me that real life is not all that neat.It
may be that Thornton Wilder came to that conclusion himself. More than forty years after writing
The Bridge of San Luis Rey, an older and wiser Wilder returned to the question of why good
people suffer in another novel, The Eighth Day. The book tells the story of a good and decent
man whose life is ruined by bad luck and hostility. He and his family suffer although they are
innocent. At the end of the novel, where the reader would hope for a happy ending, with heroes
rewarded and villains punished, there is none. Instead, Wilder offers us the image of a beautiful
tapestry. Looked at from the right side, it is an intricately woven work of art, drawing together
threads of different lengths and colors to make up an inspiring picture. But turn the tapestry over,
and you will see a hodgepodge of many threads, some short and some long, some smooth and
some cut and knotted, going off in different directions. Wilder offers this as his explanation of
why good people have to suffer in this life. God has a pattern into which all of our lives fit. His
pattern requires that some lives be twisted, knotted, or cut short, while others extend to
impressive lengths, not because one thread is more deserving than another, but simply because
the pattern requires it. Looked at from underneath, from our vantage point in life, God’s pattern of
reward and punishment seems arbitrary and without design, like the underside of a tapestry. But
looked at from outside this life, from God’s vantage point, every twist and knot is seen to have its
place in a great design that adds up to a work of art.There is much that is moving in this
suggestion, and I can imagine that many people would find it comforting. Pointless suffering,
suffering as punishment for some unspecified sin, is hard to bear. But suffering as a contribution
to a great work of art designed by God Himself may be seen, not only as a tolerable burden, but
even as a privilege. So one victim of medieval misfortune is supposed to have prayed, “Tell me
not why I must suffer. Assure me only that I suffer for Thy sake.”On closer examination, however,
this approach is found wanting. For all its compassion, it too is based in large measure on
wishful thinking. The crippling illness of a child, the death of a young husband and father, the
ruin of an innocent person through malicious gossip—these are all real. We have seen them. But
nobody has seen Wilder’s tapestry. All he can say to us is “Imagine that there might be such a
tapestry.” I find it very hard to accept hypothetical solutions to real problems.How seriously would
we take a person who said, “I have faith in Adolf Hitler, or in John Dillinger. I can’t explain why
they did the things they did, but I can’t believe they would have done them without a good
reason.” Yet people try to justify the deaths and tragedies God inflicts on innocent victims with
almost these same words.Furthermore, my religious commitment to the supreme value of an
individual life makes it hard for me to accept an answer that is not scandalized by an innocent
person’s pain, that condones human pain because it supposedly contributes to an overall work
of esthetic value. If a human artist or employer made children suffer so that something
immensely impressive or valuable could come to pass, we would put him in prison. Why then



should we excuse God for causing such undeserved pain, no matter how wonderful the ultimate
result may be?Helen, contemplating a life of physical pain and mental anguish, finds that her
illness has robbed her of her childhood faith in God and in the goodness of the world. She
challenges her family, her friends, her clergyman, to explain why such a terrible thing should
happen to her, or for that matter to anyone. If there really is a God, says Helen, she hates Him,
and hates whatever “grand design” caused Him to inflict such misery on her.Let us now consider
another question: Can suffering be educational? Can it cure us of our faults and make us better
people? Sometimes religious people who would like to believe that God has good reasons for
making us suffer, try to imagine what those reasons might be. In the words of one of the great
Orthodox Jewish teachers of our time, Rabbi Joseph B. Soloveitchik, “Suffering comes to
ennoble man, to purge his thoughts of pride and superficiality, to expand his horizons. In sum,
the purpose of suffering is to repair that which is faulty in a man’s personality.”Just as a parent
sometimes has to punish a child whom he loves, for the child’s sake, so God has to punish us. A
parent who pulls his child out of a busy roadway, or refuses to give him a candy bar before
supper, is not being mean or punitive or unfair. He or she is just being a concerned, responsible
parent. Sometimes a parent even has to punish a child, with a spanking or a deprivation, in order
to drive home a lesson. The child may feel that he is being arbitrarily deprived of something all
the other children have, and he may wonder why an ostensibly loving parent should treat him
that way, but that is because he is still a child. When he grows up, he will come to understand the
wisdom and necessity of it.Similarly, we are told, God treats us the way a wise and caring parent
treats a naive child, keeping us from hurting ourselves, withholding something we may think we
want, punishing us occasionally to make sure we understand that we have done something
seriously wrong, and patiently enduring our temper tantrums at His “unfairness” in the
confidence that we will one day mature and understand that it was all for our own good. “For
whom the Lord loves, He chastises, even as a father does to the son he loves.” (Proverbs
3:12)The newspapers recently carried the story of a woman who had spent six years traveling
around the world buying antiques, preparing to set up a business. A week before she was ready
to open, a wayward bolt of lightning set off an electrical fire in a block of stores, and several
shops, including hers, were burned down. The goods, being priceless and irreplaceable, were
insured for only a fraction of their value. And what insurance settlement could compensate a
middle-aged woman for six years of her life spent in searching and collecting? The poor woman
was distraught. “Why did this have to happen? Why did it happen to me?” One friend, trying to
console her, was quoted as saying, “Maybe God is trying to teach you a lesson. Maybe He is
trying to tell you that He doesn’t want you to be rich. He doesn’t want you to be a successful
businesswoman, caught up in profit-and-loss statements all day long and annual trips to the Far
East to buy things. He wants you to put your energies into something else, and this was His way
of getting His message across to you.”A contemporary teacher has used this image: if a man
who knew nothing about medicine were to walk into the operating room of a hospital and see
doctors and nurses performing an operation, he might assume that they were a band of



criminals torturing their unfortunate victim. He would see them tying the patient down, forcing a
cone over his nose and mouth so that he could not breathe, and sticking knives and needles into
him. Only someone who understood surgery would realize that they were doing all this to help
the patient, not to torment him. So too, it is suggested, God does painful things to us as His way
of helping us.Consider the case of Ron, a young pharmacist who ran a drugstore with an older
partner. When Ron bought into the business, his older colleague told him that the store had
recently been the target of a series of holdups by young drug addicts looking for drugs and cash.
One day, when Ron was almost ready to close up, a teenage junkie pulled a small-caliber
handgun on him and asked for drugs and money. Ron was willing to lose a day’s receipts rather
than try to be a hero. He went to open the cash register, his hands trembling as he did so. As he
turned, he stumbled and reached for the counter to brace himself. The robber thought he was
going for a gun, and fired. The bullet went through Ron’s abdomen and lodged in his spinal cord.
Doctors removed it, but the damage had been done. Ron would never walk again.Friends tried
to console him. Some held his hand and commiserated with him. Some told him of experimental
drugs doctors were using on paraplegics, or of miraculous spontaneous recoveries they had
read about. Others tried to help him understand what had happened to him, and to answer his
question, “Why me?”“I have to believe,” one friend said, “that everything that happens in life,
happens for a purpose. Somehow or other, everything that happens to us is meant for our good.
Look at it this way. You were always a pretty cocky guy, popular with girls, flashy cars, confident
you were going to make a lot of money. You never really took time to worry about the people who
couldn’t keep up with you. Maybe this is God’s way of teaching you a lesson, making you more
thoughtful, more sensitive to others. Maybe this is God’s way of purging you of pride and
arrogance, and thinking about how you were going to be such a success. It’s His way of making
you a better, more sensitive person.”The friend wanted to be comforting, to make sense of this
senseless accident. But if you were Ron, what would your reaction have been? Ron remembers
thinking that if he hadn’t been confined to a hospital bed, he would have punched the other man.
What right did a normal, healthy person—a person who would soon be driving home, walking
upstairs, looking forward to playing tennis—have to tell him that what had happened to him was
good and was in his best interests?The problem with a line of reasoning like this one is that it
isn’t really meant to help the sufferer or to explain his suffering. It is meant primarily to defend
God, to use words and ideas to transform bad into good and pain into privilege. Such answers
are thought up by people who believe very strongly that God is a loving parent who controls
what happens to us, and on the basis of that belief adjust and interpret the facts to fit their
assumption. It may be true that surgeons stick knives into people to help them, but not everyone
who sticks a knife into somebody else is a surgeon. It may be true that sometimes we have to do
painful things to people we love for their benefit, but not every painful thing that happens to us is
beneficial.I would find it easier to believe that I experience tragedy and suffering in order to
“repair” that which is faulty in my personality if there were some clear connection between the
fault and the punishment. A parent who disciplines a child for doing something wrong, but never



tells him what he is being punished for, is hardly a model of responsible parenthood. Yet, those
who explain suffering as God’s way of teaching us to change are at a loss to specify just what it
is about us we are supposed to change.Equally unhelpful would be the explanation that Ron’s
accident happened not to make him a more sensitive person, but to make his friends and family
more sensitive to the handicapped than they would otherwise have been. Perhaps women give
birth to dwarfed or retarded children as part of God’s plan to deepen and enlarge their souls, to
teach them compassion and a different kind of love.We have all read stories of little children who
were left unwatched for just a moment and fell from a window or into a swimming pool and died.
Why does God permit such a thing to happen to an innocent child? It can’t be to teach a child a
lesson about exploring new areas. By the time the lesson is over, the child is dead. Is it to teach
the parents and baby-sitters to be more careful? That is too trivial a lesson to be purchased at
the price of a child’s life. Is it to make the parents more sensitive, more compassionate people,
more appreciative of life and health because of their experience? Is it to move them to work for
better safety standards, and in that way save a hundred future lives? The price is still too high,
and the reasoning shows too little regard for the value of an individual life. I am offended by
those who suggest that God creates retarded children so that those around them will learn
compassion and gratitude. Why should God distort someone else’s life to such a degree in order
to enhance my spiritual sensitivity?If we cannot satisfactorily explain suffering by saying we
deserve what we get, or by viewing it as a “cure” for our faults, can we accept the interpretation
of tragedy as a test? Many parents of dying children are urged to read the twenty-second
chapter of the Book of Genesis to help them understand and accept their burden. In that
chapter, God orders Abraham to take his son Isaac, whom he loves, and offer him to God as a
human sacrifice. The chapter begins with the words “It came to pass after all these matters that
the Lord tested Abraham.” God had Abraham go through that ordeal to test his loyalty and the
strength of his faith. When he passed the test, God promised to reward him liberally for the
strength he had shown.For those who have difficulty with the notion of a God who plays such
sadistic games with His most faithful follower, proponents of this view explain that God knows
how the story will end. He knows that we will pass the test, as Abraham did, with our faith intact
(though, in Abraham’s case, the child did not die). He puts us to the test so that we will discover
how strong and faithful we are.The Talmud, the compilation of the teachings of the rabbis
between the years 200 b.c. and a.d. 500, explains Abraham’s test this way: If you go to the
marketplace, you will see the potter hitting his clay pots with a stick to show how strong and solid
they are. But the wise potter hits only the strongest pots, never the flawed ones. So too, God
sends such tests and afflictions only to people He knows are capable of handling them, so that
they and others can learn the extent of their spiritual strength.I was the parent of a handicapped
child for fourteen years, until his death. I was not comforted by this notion that God had singled
me out because He recognized some special spiritual strength within me and knew that I would
be able to handle it better. It didn’t make me feel “privileged,” nor did it help me understand why
God has to send handicapped children into the lives of a hundred thousand unsuspecting



families every year.Writer Harriet Sarnoff Schiff has distilled her pain and tragedy into an
excellent book, The Bereaved Parent. She remem- bers that when her young son died during an
operation to correct a congenital heart malfunction, her clergyman took her aside and said, “I
know that this is a painful time for you. But I know that you will get through it all right, because
God never sends us more of a burden than we can bear. God only let this happen to you
because He knows that you are strong enough to handle it.” Harriet Schiff remembers her
reaction to those words: “If only I was a weaker person, Robbie would still be alive.”Does God
“temper the wind to the shorn lamb”? Does He never ask more of us than we can endure? My
experience, alas, has been otherwise. I have seen people crack under the strain of unbearable
tragedy. I have seen marriages break up after the death of a child, because parents blamed
each other for not taking proper care or for carrying the defective gene, or simply because the
memories they shared were unendurably painful. I have seen some people made noble and
sensitive through suffering, but I have seen many more people grow cynical and bitter. I have
seen people become jealous of those around them, unable to take part in the routines of normal
living. I have seen cancers and automobile accidents take the life of one member of a family, and
functionally end the lives of five others, who could never again be the normal, cheerful people
they were before disaster struck. If God is testing us, He must know by now that many of us fail
the test. If He is only giving us burdens we can bear, I have seen Him miscalculate far too
often.When all else fails, some people try to explain suffering by believing that it comes to
liberate us from a world of pain and lead us to a better place. I received a phone call one day
informing me that a five-year-old boy in our neighborhood had run out into the street after a ball,
had been hit by a car and killed. I didn’t know the boy; his family was not part of the
congregation. But several children from the congregation had known him and played with him.
Their mothers attended the funeral, and some of them told me about it afterwards.In the eulogy,
the family’s clergyman had said, “This is not a time for sadness or tears. This is a time for
rejoicing, because Michael has been taken out of this world of sin and pain with his innocent
soul unstained by sin. He is in a happier land now where there is no pain and no grief; let us
thank God for that.”I heard that, and I felt so bad for Michael’s parents. Not only had they lost a
child without warning, they were being told by the representative of their religion that they should
rejoice in the fact that he had died so young and so innocent, and I couldn’t believe that they felt
much like rejoicing at that moment. They felt hurt, they felt angry, they felt that God had been
unfair to them, and here was God’s spokesman telling them to be grateful to God for what had
happened.Sometimes in our reluctance to admit that there is unfairness in the world, we try to
persuade ourselves that what has happened is not really bad. We only think that it is. It is only
our selfishness that makes us cry because five-year-old Michael is with God instead of living
with us. Sometimes, in our cleverness, we try to persuade ourselves that what we call evil is not
real, does not really exist, but is only a condition of not enough goodness, even as “cold” means
“not enough heat,” or darkness is a name we give to the absence of light. We may thus “prove”
that there is really no such thing as darkness or cold, but people do stumble and hurt



themselves because of the dark, and people do die of exposure to cold. Their deaths and
injuries are no less real because of our verbal cleverness.Sometimes, because our souls yearn
for justice, because we so desperately want to believe that God will be fair to us, we fasten our
hopes on the idea that life in this world is not the only reality. Somewhere beyond this life is
another world where “the last shall be first” and those whose lives were cut short here on earth
will be reunited with those they loved, and will spend eternity with them.Neither I nor any other
living person can know anything about the reality of that hope. We know that our physical bodies
decay after we die. I for one believe that the part of us which is not physical, the part we call the
soul or personality, does not and cannot die. But I am not capable of imagining what a soul
without a body looks like. Will we be able to recognize disembodied souls as being the people
we had known and loved? Will a man who lost his father at a young age, and then lived a full life,
be older, younger, or the same age as his father in the world-to-come? Will the souls of the
retarded or the short-tempered be somehow made whole in Heaven?People who have been
close to death and recovered tell of seeing a bright light and being greeted by someone they had
loved, now deceased. After our son’s death, our daughter dreamed that she had died and was
welcomed into Heaven by her brother, now grown normal, and by her grandmother (who had
died the year before). Needless to say, we have no way of knowing whether these visions are
intimations of reality or products of our own wishful thinking.Belief in a world to come where the
innocent are compensated for their suffering can help people endure the unfairness of life in this
world without losing faith. But it can also be an excuse for not being troubled or outraged by
injustice around us, and not using our God-given intelligence to try to do something about it. The
dictate of practical wisdom for people in our situation might be to remain mindful of the
possibility that our lives continue in some form after death, perhaps in a form our earthly
imaginations cannot conceive of. But at the same time, since we cannot know for sure, we would
be well advised to take this world as seriously as we can, in case it turns out to be the only one
we will ever have, and to look for meaning and justice here.All the responses to tragedy which
we have considered have at least one thing in common. They all assume that God is the cause
of our suffering, and they try to understand why God would want us to suffer. Is it for our own
good, or is it a punishment we deserve, or could it be that God does not care what happens to
us? Many of the answers were sensitive and imaginative, but none was totally satisfying. Some
led us to blame ourselves in order to spare God’s reputation. Others asked us to deny reality or
to repress our true feelings. We were left either hating ourselves for deserving such a fate, or
hating God for sending it to us when we did not deserve it.There may be another approach.
Maybe God does not cause our suffering. Maybe it happens for some reason other than the will
of God. The psalmist writes, “I lift mine eyes to the hills; from where does my help come? My
help comes from the Lord, maker of Heaven and earth.” (Psalm 121:1–2) He does not say, “My
pain comes from the Lord,” or “my tragedy comes from the Lord.” He says “my help comes from
the Lord.”Could it be that God does not cause the bad things that happen to us? Could it be that
He doesn’t decide which families shall give birth to a handicapped child, that He did not single



out Ron to be crippled by a bullet or Helen by a degenerative disease, but rather that He stands
ready to help them and us cope with our tragedies if we could only get beyond the feelings of
guilt and anger that separate us from Him? Could it be that “How could God do this to me?” is
really the wrong question for us to ask?The most profound and complete consideration of
human suffering in the Bible, perhaps in all of literature, is the Book of Job. It is to an examination
of that book that we now turn.Read more
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and updated material as well as many new photos and graphics to visually support the text. I am
also happy to announce that several new contributors have joined the ranks of the talented
group of individuals from the fourth edition to lend us their expertise in this subject. It is
particularly gratifying to be able to call on these professionals who willingly give of their time to
bring you the very latest information in the industry. Readers of TANKER OPERATIONS will note
the addition of new chapters on Chemical Tankers, by Margaret Kaigh Doyle, and Cargo
Calculation, by Kelly Curtin and Kevin Duschenchuk, each a recognized expert in the field. They
are joining the contributors from the fourth edition---Richard Beadon, Scott Bergeron and John
O’Connor, each of whom is professionally in a class of their own.The chapter review questions
have been enhanced with the addition of challenge questions which are meant to provoke
thought and additional research on the part of the reader. As noted in the preface of the fourth
edition it has never been more apparent to me that TANKER OPERATIONS is—and will always
be—a work in progress. The tanker industry continues to evolve with each passing day in vessel
design, equipment, regulation and operational procedures. The public continues to press tanker
operators to improve performance in the area of protecting the marine environment while at the
same time customers expect competitive rates and efficiencies in the transportation of these
cargoes.As previously stated, this text is primarily directed at individuals entering the workforce



in the tanker industry. However, seasoned tanker mates, barge tankermen, and many of the
shoreside staff may find the information in this edition of practical value.The rules governing the
qualifications of personnel serving on tank vessels continue to change particularly on the
international level through the IMO. In addition to obtaining practical sea experience, individuals
serving on tank vessels must complete an approved training program in cargo handling and fire
fighting. As of this writing, the IMO is moving forward with defining in a more detailed way the
topics that should be addressed and experience necessary in the qualification process toward
receiving an endorsement on the STCW certificate to serve on oil and chemical tankers. With
these requirements in mind, it seemed appropriate for the fifth edition to be revised with the goal
of becoming the standard reference for this specialized cargo training. Successful completion of
the aforementioned requirements qualifies a person to receive an endorsement on the following
documents:In the United States, the individual receives an endorsement on the Merchant
Mariner Credential (MMC) as a Tankerman Person-in-Charge (PIC) Dangerous Liquids (DL) or
Liquefied Gas (LG). Under the International Convention on Standards of Training, Certification,
and Watchkeeping for Seafarers, 1978 (STCW), as amended in 1995, an individual receives an
endorsement on the STCW certificate. This endorsement states that the person is qualified for
service on tankships carrying dangerous oils, chemicals, or gas in bulk. The following references
should be consulted for details concerning each of these endorsements: the United States Code
of Federal Regulations, Title 46 CFR Part 13, Certification of Tankermen; and the International
Maritime Organization’s STCW Convention, 1978, as amended in 1995, Annex 2, Chapter V,
“Special Training Requirements for Personnel on Tankers” (Regulation V/1).There are many
individuals I would like to acknowledge for their assistance with this revision. First and foremost,
I am eternally grateful to my wife Jody and family for their patience and support in this project
and the endless task of trying to stay abreast of this constantly changing industry. This text
would not be possible without the support of the following individuals that have exhibited
patience above and beyond the call of duty with my constant requests for photos, drawings and
information. In particular, I would like to thank Capt. George McShea, Karen Davis, and Andrew
Smith of Polar Tankers, John O’Connor of International Marine Consultants, Knut Kaupang with
AIR PRODUCTS AS, Mike Newton of Herbert Engineering Software Solutions, Chris Deschenes
and Mike Blunt of OSG, Don Sherwood, John Quagliano, Mark Homeyer, Capt. Vic Goldberg,
Stacy DeLoach, Kevin Schroeder and Larry Miles of Crowley Petroleum Services. I also wish to
thank my colleagues at the U.S. Merchant Marine Academy: Captain George Edenfield, Captain
John Hanus, Captain Douglas A. Hard, Captain Tim Tisch, Cdr. Rob Smith (USCG), Paul Zerafa,
and Brian Holden. Finally, I would like to thank the following individuals and organizations for
providing information and many of the illustrations:Air Products AS; Alaska Tanker Company;
American Petroleum Institute; American Waterway Operators; Atlantic Richfield Company;
Avondale Shipyard; Mary Jen Beach; Ian-Conrad Bergan, Inc.; Bethlehem Steel Corporation; BP
Pipelines (Alaska) Inc.; British Petroleum Company, Ltd.; Butterworth Systems, Inc; Calhoon
MEBA Engineering School; California Maritime Academy; Chevron Shipping Company; Clement



Engineering Services; College of Nautical Studies; Coppus Engineering Corporation; Crowley
Petroleum Services; Design Assistance Corporation DAC; Dixon Valve and Coupling Co.;
Environmental Protection Agency; Dresser Inc; Exxon/Mobil Corporation; Thomas J. Felleisen;
Bill Finhandler; Foster Wheeler Boiler Corporation; Gamlen Chemical Company; General
Dynamics Corporation; Keith Gill; Global Maritime and Transportation School; Gulf Oil
Corporation; Eric Halbeck; Brian Hall; Hamworthy Moss AS; Haywood Manufacturing Company;
Herbert Engineering Software; Howden Engineering; Lynn Huber; Hudson Engineering
Company; IMO Industries, Inc., Gems Sensors Division; Ingersoll Dresser Pump; International
Association of Classification Societies; International Association of Independent Tanker Owners
(INTERTANKO); International Association of Ports and Harbors (IAPH); International Chamber
of Shipping (ICS); International Marine Consultants; International Maritime Organization (IMO);
International Paint; International Tanker Owners Pollution Federation; Keystone Shipping
Company; Keystone Valve Division of Keystone International, Inc.; Lee Kincaid; Kockumation
AB; Laurin Maritime; Brian Law; Library of Congress Photo Duplication Service; Kimberly
Lorenzo; Louisiana Offshore Oil Port (LOOP); Eric Ma; Maine Maritime Academy; Marine Log;
Maritime Institute of Technology and Graduate Studies; Captain John Mazza; MEDAL/Air
Liquide Advanced Technologies; Metritape, Inc.; Steven Miller; Mine Safety Appliances
Company; MMC International Corporation; Frank Mohn AS (FRAMO); Ron Monel; National
Academy Press and the National Academy of Sciences; National Audubon Society; National
Fire Protection Association; National Geographic Society; National Maritime Union of America;
National Research Council; National Steel and Shipbuilding Company; National Transportation
Safety Board; Nautical Institute; Newport News Shipbuilding; John O’Connor; Oil Companies
International Marine Forum (OCIMF); OSG America; Penn-Attransco Corporation; Permea
Maritime Protection; Phillips Petroleum Company; Polar Tankers; George Rozanovich; Saab
Electronics; Saab-Scania, Aerospace Division; Sailors Union of the Pacific; Salen & Wicander
AB; Salwico, Inc.; San Francisco Maritime Museum; E.W. Saybolt & Company, Inc.; Ed Schultz;
Seafarers International Union; Seamen’s Church Institute; SeaRiver Maritime; Servomex (U.K.),
Ltd.; Shell International Petroleum and Shell Oil Company (U.S.A.); Shipbuilders Council of
America; Skarpenord Data Systems AS; Southern Oregon State College; Sperry Marine
Systems; Stacey Valve Co., Inc.; Star Enterprise; State University of New York Maritime College;
Stolt Nielsen Transportation Company; Sun Shipbuilding and Dry Dock Company; Texaco, Inc.;
Tosco; Transamerica Delaval, Inc.; TS Tanksystem SA; Underwriters Laboratories, Inc.; U.S.
Coast Guard; U.S. Department of Transportation; U.S. Hose Corporation; U.S. Maritime
Administration; U.S. Salvage Association; Valve Manufacturers Association; Viatran Corporation;
Vitronics, Inc.; Rosalie Vitale; West Coast Ship Chandlers, Inc.; Terra White; Jeff Williams;
William E. Williams Valve Corp.; Wilson Walton International; Worthington Pumps.An earlier
edition of Tanker Operations offered these words of advice to the reader: “You can’t learn tankers
from a book; don’t try to do so. Ships are designed and equipped differently, and no two are
exactly alike. In the end, there is no substitute for seeing the actual equipment and operating it



yourself.” As a follow-up to that thought, I would add that no text on this subject can adequately
address every vessel design, piece of equipment, or procedure. Ultimately, a thorough working
knowledge of the particular cargo and ballast system on your vessel is the best defense against
potential mishaps. Remember, the specialized training and practical experience gained as an
apprentice on tankers is just the beginning of a lifetime of learning.M. E. HuberPreface to the
First EditionAnumber of years ago, when I was beginning my career on oil tankers, I often felt the
lack of a simple, straightforward handbook on the basic problems of tanker operations. Hence,
this book. Tanker Operations: A Handbook for the Ship’s Officer is directed primarily toward the
newcomer to tankers; specifically, the new officer. Generally speaking, it is not a step-by-step
manual covering every possible situation. Instead, it is intended as:1. An introductory guide
designed to make the new officer’s adjustment to tanker life smoother, less perilous.2. A source
of useful information for the more experienced officer.3. A reference book for other individuals
interested in the operation of oil tankers, particularly those aspiring to the rating of tankerman.I
should point out, however, that tankers cannot be learned entirely from a book. The tankerman’s
job is too complex and, in many ways, intuitive. Moreover, each tanker is unique and must be
learned individually.Fortunately, the learning process is not an entirely lonely task. Shipmates—
pumpmen, fellow officers, sailors—have knowledge to share, and some make excellent
teachers. In the end, however, the way to learn a tanker is to put on a boiler suit and, flashlight in
hand, explore every corner of the vessel, learning pumproom, piping systems, valves. This is a
tedious, sometimes exhausting process, but it must be done. An officer unwilling to make this
effort should forget about a career, even a brief one, on tankers.Some tankers, old and rusty, are
relics of a bygone era. Others are so futuristic, so thoroughly automated, that their crewmembers
feel more like astronauts than tankermen. And, in all likelihood, the future tankerman will need
the training and temperament of an astronaut.Regardless of age or equipment, however, all
tankers perform the same basic task—they carry oil. Their voyages span the globe, from the
blazing deserts of Saudi Arabia to the frozen shores of the Arctic. Through it all, tankermen are
accompanied by the pungent smells of crude oil and gasoline, by loneliness, tension,
exhaustion . . . and the satisfaction of doing a job well. No individual can adequately describe this
unique way of life. It must be experienced firsthand.I would like to take this opportunity to thank
the many individuals and organizations who were kind enough to help me in this effort. Some
showed remarkable patience with my repeated requests for information, research materials, and
illustrations.Special thanks to: The American Bureau of Shipping; American Cast Iron Pipe
Company; American Institute of Marine Underwriters; American Institute of Merchant Shipping;
American Petroleum Institute; the Ansul Company; Apex Marine Corporation; Atlantic Richfield
Company; the Scott Aviation Division of ATO, Inc.; Mrs. Gerry Bayless; Bethlehem Steel
Corporation; Bingham-Willamette Company; British Petroleum Company, Ltd.; Henry Browne &
Son, Ltd.; Butterworth Systems, Inc.; Chevron Shipping Company; Coppus Engineering
Corporation; Exxon Corporation and Exxon Company (U.S.A.); FMC Corporation; Mr. Steve
Faulkner; Mr. Bill Finhandler; Gamlen Chemical Company; General Dynamics Corporation;



General Fire Extinguisher Corporation; Mr. R.W. Gorman; Gulf Oil Corporation; Mr. Arthur Handt;
Hendy International Company; the Penco Division of the Hudson Engineering Company; Mr.
John Hunter; Huntington Alloys, Inc.; the Keystone Valve Division of Keystone International, Inc.;
Kockums Automation AB; Mr. Gene D. Legler; the Harry Lundeberg School; Mine Safety
Appliances Company; Mr. C. Bradford Mitchell; National Audubon Society; National Foam
System, Inc.; National Maritime Union of America; National Steel and Shipbuilding Company;
Miss Maureen Ott; the Ralph M. Parsons Company; Paul-Munroe Hydraulics, Inc.; Mrs. Pia
Philipp; Phillips Petroleum Company; Sailors’ Union of the Pacific; Salen & Wicander AB; San
Francisco Maritime Museum; E.W. Saybolt & Company, Inc.; Mr. W.F. Schill;Seafarers
International Union; Shell International Petroleum and Shell Oil Company (U.S.A.); Shipbuilders
Council of America; Sperry Marine Systems; Sun Shipbuilding and Dry Dock Company; Mr. Bob
Sutherland; Underwriters Laboratories, Inc.; United States Coast Guard; United States Maritime
Administration; U.S. Salvage Association; Valve Manufacturers Association; West Coast Ship
Chandlers, Inc.; Worthington Pump Corporation.G. S. MARTONG. S. Marton graduated from the
California Maritime Academy in 1969. During his seagoing career, he served on all types of
merchant ships, including tankers of all types and sizes.CHAPTER 1Tank Vessel Design and
ClassificationThe first tanker appeared over a century ago, and since that time the movement of
liquid cargoes by tank vessel has evolved into one of the most efficient global modes of
transportation. Seagoing tankers represent some of the largest and most technologically
advanced man made vehicles that ply the oceans of the world. Modern refinements in the
design of these vessels have resulted in the development of a versatile carrier capable of
transporting a wide array of bulk liquid cargoes. Today, tank vessels (both ships and barges) are
responsible for the movement of tremendous volumes of liquid cargoes. This chapter focuses
primarily on vessels that are designed to carry cargoes classified as “dangerous liquids,” which
encompasses both oils and chemicals in bulk.The following definitions are provided to eliminate
confusion about the types of vessels described in the text. The United States Coast Guard
(USCG) defines a tank vessel as “a vessel that is constructed or adapted primarily to carry, or
that carries, oil or hazardous material in bulk as cargo or cargo residue.” The USCG further
categorizes a tank vessel as a tank ship (if it is self-propelled) or a tank barge (if it has no means
of propulsion). Throughout the text, efforts have been made to use the term “tank vessel” if the
topic applies to both ships and barges.OIL TANKERAs we move into a new era of tanker design
a retrospective look at how we got where we are today is in order. The earliest design of tank
vessel involved construction with a single hull. Figure 1-1 shows a cross section of a traditional
single-hull design.In the early part of the twentieth century, the shift toward longitudinal
construction resulted in a unique subdivision of the cargo tank area. As seen in Figure 1-1, the
use of twin longitudinal bulkheads created a three-tank configuration athwartships in the vessel:
a center tank flanked by a set of wing tanks. A series of oil-tight, transverse bulkheads
completed the subdivision of the cargo area, as required, creating the total number of tanks
necessary for the particular trade of the vessel. This method of construction was well suited for



the transportation of bulk liquid cargoes; resulting in a structure that was inherently stable. This
design was credited with virtually eliminating the free surface problems experienced in earlier
tanker designs.Figure 1-1. Cross-sectional view of a single-hull tanker. The complex internal
structure of the tanks made cargo stripping and tank cleaning operations more difficult. Courtesy
National Transportation Safety Board.Figure 1-1a. Courtesy Kevin DuschenchukFree surface is
an effect created when liquids move about in an unrestricted fashion within a compartment such
as a cargo or ballast tank. The resultant shift of weight has an adverse impact on the stability of
the vessel, so every effort is made to minimize shifting. Typical methods of reducing the free
surface effect include keeping the number of slack cargo and ballast tanks to a minimum,
constructing smaller compartments (subdivisions), and utilizing partial bulkheads (swash plates
or swash bulkheads). The success of the single-hull design is evidenced by the fact that it had
withstood the test of time and deadweight (dwt) tonnage. Single-hull construction predominated
until the late 1960s when political and environmental pressures drove the tanker industry to seek
other methods of construction. By the 1970s a number of owners had shifted to double-bottom
construction (Figure 1-2) to meet the new segregated-ballast requirements.Figure 1-2. Profile
view of a double-bottom tanker. The double-bottom space serves as the segregated-ballast
capacity for the vessel. Copyright © International Maritime Organization (IMO), London.The
grounding of the single hull Exxon Valdez in 1989 prompted domestic and international
requirements calling for newly constructed oil tankers to be fitted with a double hull. Double-hull
tankers had been successfully operated for a number of years, hence this design took center
stage as the most likely response to the public’s outcry for heightened protection of the marine
environment. The use of two pieces of steel (inner and outer hulls) to separate the cargo area
from the sea is expected to minimize oil outflow from the majority of tanker casualties—
grounding, collision, or minor shell damage—that involve a breach of the hull. The construction
scenes of the Pelican State at the NASSCO yard (Figure 1-3) clearly illustrate the protection
afforded the cargo tanks within the double hull.The Oil Pollution Act of 1990 called for new
tankers contracted after June 30, 1990, to be constructed with a double hull. The U.S.
construction requirements are contained in Title 33 CFR Part 157.10d, which specifies minimum
spacing between the hulls as follows:For vessels of 5,000 dwt and above—Double sides (W)W
= 0.5 + dwt/20,000 or 2 meters the lesser and in no case less than 1 meterDouble bottom (H)H
= Breadth/15 or 2 meters the lesser and in no case less than 1 meterFigure 1-3. Double Hull
tanker under construction. Courtesy George Edenfield.For vessels of less than 5,000 dwt—
Double sides (W)W = 0.4 + (2.4) (dwt/20,000) in meters, but in no case less than 0.76
meterDouble bottom (H)H = Breadth/15 in meters, but in no case less than 0.76 meterFigure 1-4
shows the double-hull tanker American Progress.DOUBLE HULLSThe requirement for new oil
tankers to be constructed with a double hull grew out of a provision in the Oil Pollution Act of
1990 (OPA ’90) however the International Maritime Organization (IMO) adopted similar
mandates in 1992. Internationally, the double hull requirement appeared as an amendment to
Annex I of MARPOL 73/78 contained in regulation 13F (new regulation 19 in the latest revision



that entered into force on 1 January 2007). Further to the change in design for new tankers came
the mandatory phase out/conversion of existing single hull tank vessels both under OPA ’90 and
Annex I MARPOL 73/78 regulation 13G (new regulation 20 under the latest revision that entered
into force on 1 January 2007). The mandatory phase out of the existing single hull fleet
continues until 2010 and for existing double bottom tankers the phase out runs to 2015. Since
the inception of these design changes in the early 1990’s a number of marine casualties
involving single hull tankers led to calls for the acceleration of the phase out of these vessels.
Incidents such as the break up of the ERIKA off the coast of France in 1999, the PRESTIGE off
the coast of Spain in 2002 and most recently the holing of the HEBEI SPIRIT off South Korea
exemplify the influence such events have in spurring legislative bodies to action.Industry experts
have long debated the effectiveness of the double hull design in high energy groundings and
collisions with the potential for significant loss of cargo and resulting environmental impact
(Figure 1-4a).Consequently, the United States Congress and International Maritime
Organization (IMO) left the door open to alternative designs and control technologies that
offered equivalent or better protection of the marine environment than the double hull. The
stakeholders in the transportation industry engaged in a study of these alternatives and in 1993
the United States Coast Guard reaffirmed the double hull design as the only method of
construction for new tankers that should be permitted in U.S. waters. This conclusion created
international controversy as the IMO embraced two alternative concepts to the double hull
namely the mid-deck design and the Coulombi egg design.Figure 1-4a. Collision and resulting
oil spill involving a double hull tanker. Courtesy USCG.Figure 1-4. The general arrangement
drawing for the double-hull tanker American Progress. Courtesy Mobil Shipping and
Transportation Company.EXPERIENCE TO DATE WITH DOUBLE HULLSThe most common
cargo and ballast tank arrangements in the double hull tankers seen to date are illustrated in
Figures 1-4b, 1-4c, and 1-4d. As of this writing, the world tanker fleet is comprised of
approximately 3600 tankers of which roughly 2600 are double-hulled.Figure 1-4b. Double hull
arrangements. Courtesy International Association of Classification Societies (IACS).Figure 1-4c.
Double hull tanker 150,000 DWT or less.Figure 1-4d. Double hull tanker 150,000 DWT and
greater.As the percentage of double hull vessels operating worldwide has increased, operators
have gained greater insight into the various concerns associated with this method of
construction such as:1. Overall quality of construction2. Accelerated corrosion rates3. High
stress areas leading to fatigue cracks particularly in the inner bottom4. Proper application and
longevity of ballast tank coatings5. The need for ongoing inspection and maintenance of ballast
tank coatings6. The need to coat designated “storm” ballast (cargo) tanks7. The need for
(hydrocarbon) gas detection in the ballast, pumproom and void spaces8. Safety concerns
associated with ventilation and access for inspection of the double hull9. The ability to inert the
empty ballast space between the hulls10. Fire safety risks related to empty ballast spaces (air)
surrounding cargo tanks11. Increased construction and maintenance costs12. Loss of intact
stability due to free surface problems on certain double hull designs13. Damaged stability



concerns related to raking damage during a grounding incidentWithout a doubt, the structural
complexity of the space between the hulls is expected to pose significant challenges to
operators over the lifetime of these vessels.MID-DECK DESIGNThe mid-deck design is an
alternative approach to the double hull in which an intermediate oil tight deck essentially creates
an upper and lower cargo tank (Figure 1-5).The basis of this design is a simple concept that
involves placing an oiltight ‘tween deck at about mid-height in the vessel, which results in the
lower tank being located substantially below the waterline of the vessel when fully loaded. In the
event of a breach of the bottom tank the outflow of cargo is minimal based on the fact that the
external seawater pressure on the hull exceeds the head pressure of the cargo in the lower tank.
Therefore, water would enter (press up) the lower cargo tank as opposed to cargo gravitating out
the bottom of the vessel to the sea. Additionally, the wider double sides in this design resemble
traditional wing tanks potentially providing better protection of the marine environment from side
damage to the vessel. Model testing performed by a number of engineering groups worldwide
confirmed the viability of this design in minimizing oil outflow from major damage to the hull.
These findings ultimately led to the acceptance of the mid- deck design by the international
maritime community. In the United States, the Coast Guard cited inexperience with the mid-deck
concept as one of the reasons for not recommending it as an alternative to the double
hull.Another design closely related to the mid-deck is the Coulombi Egg, shown in Figure 1-6.
After several years of evaluation, IMO has also accepted this design as affording a measure of
protection of the marine environment equivalent to that of the double hull. As in the case of the
mid-deck design, however, the United States opposes the idea of equivalence and will not
permit either design into U.S. waters. At this point, the controversy appears to be over as
evidenced by the worldwide acceptance of double hull construction as the standard for the next
generation of tanker.Figure 1-5. The mid-deck design shown here uses hydrostatic pressure to
minimize oil outflow in the event that the cargo tanks are breached. Courtesy Marine Log.Figure
1-6. The Coulombi Egg design.PARCEL TANKERAs consumer demand for chemicals and other
specialty products increased worldwide, the need for vessels designed specifically to transport
these cargoes also expanded. As a quick fix, some owners modified existing product carriers
into what were termed “drugstore” vessels, carrying limited quantities of many different products.
Ultimately, these vessels paved the way for parcel carriers, vessels specially designed and
constructed from the keel up to accommodate the growing market. Figure 1-7 shows one such
vessel, the Stolt Innovation, built and operated by Stolt-Nielsen S.A.Figure 1-8 shows the deck
of an externally framed vessel. This method of construction allows for smooth internal surfaces
within the tanks. Due to the nature of the cargoes transported, parcel tankers are designed to
maintain a high degree of segregation between cargoes. Figure 1-9 shows the complexity of
deck piping on one coastal chemical carrier.Toward the end of the twentieth century, the
demand for parcel tankers increased as the transport of these cargoes by such vessels proved
to be safe and cost-effective while maintaining the highest standards of quality assurance. The
list of different cargoes carried by parcel tankers is exhaustive; however, the rules governing the



safe transport of these cargoes are well defined in the international bulk chemical codes. The
construction and survivability requirements for chemical vessels can be found in U.S. regulation
Title 46 CFR Part 151 (barges) and Part 153 (ships) as well as in the bulk chemical codes (IBC/
BCH) from the International Maritime Organization (IMO). (IBC is the International Code for the
Construction and Equipment of Ships Carrying Dangerous Chemicals in Bulk. BCH is the Code
for the Construction and Equipment of Ships Carrying Dangerous Chemicals.)The marine
environment is afforded three levels of protection against an uncontrolled release of the cargo
resulting from a breach of the cargo tank. Figure 1-10 illustrates the spacing requirements for
Types 1, 2, and 3 containment in the cargo area, as specified in the bulk chemical codes.1.
Type 1 containment provides the maximum level of protection possible when transporting
substances that pose the greatest environmental risk if an uncontrolled release from the vessel
should occur. In addition to the spacing requirements between the side and bottom shown in
Figure 1-10, vessels constructed in accordance with these rules must also be capable of
surviving a certain prescribed level of damage to the hull.2. Type 2 containment is required
when transporting substances that pose a significant hazard to the environment. The spacing
requirements and the survivability requirements of the vessel are less than those for Type I
containment.3. Type 3 containment affords a moderate level of protection. No special spacing
requirements are necessary and the survivability criteria in the event of vessel damage are not
as stringent as those for Type 1 or 2.Figure 1-7. The Stolt Innovation serves in the parcel trade
worldwide. Courtesy Stolt-Nielsen Transportation Group Ltd.Figure 1-8. External framing on
deck. Courtesy Maximillian PaulTo further limit the environmental impact from hazardous
cargoes classified as Type 1 and Type 2, parcel tankers are governed by a limit on the quantity
of cargo that can be carried in any one tank as follows:1. Type 1—maximum allowable cargo
quantity transported in any one cargo tank shall not exceed 1250 m3 (7.862 bbls).2. Type 2—
maximum allowable cargo quantity transported in any one cargo tank shall not exceed 3000 m3
(18,869 bbls).3. Type 3—no limit on the quantity of cargo transported in any one tank.The
chemical codes further classify cargo tanks according to their construction.Independent tanks
are cargo tanks not designed as a part of the hull structure. An example of an independent tank
would be a cylindrical cargo tank installed above the deck. An independent tank is used to
eliminate or at least minimize the forces or stresses that may be working on the adjacent hull
structure. An independent tank is installed in such a manner that it can be moved relative to the
vessel.Integral tanks are cargo tanks that form an essential part of the hull structure and
contribute to the strength of the vessel. Integral tanks are subject to the forces and stresses
experienced by the hull structure as a result of cargo operations and motion of the vessel.
Figures 1-11 and 1-11a illustrate several cargo tank configurations on parcel tankers.Figure 1-9.
Complexity of deck piping on a chemical tanker. Courtesy Christopher Adams.Figure 1-10. The
spacing requirements for Types 1, 2, and 3 containment under the bulk chemical codes.
Copyright © International Maritime Organization (IMO), London.Gravity tanks are those tanks
having a design pressure not greater than 10 pounds per square inch gauge and of prismatic or



other geometric shape where stress analysis is neither readily or completely
determinate.Pressure tanks are independent tanks, whose pressure is above 10 pounds per
square inch gauge and fabricated in accordance with domestic rules.COMBINATION
CARRIERThe USCG defines a combination carrier as any vessel designed to carry oil or solid
cargoes in bulk. They are specially built vessels often referred to as ore/bulk/oil carriers (OBOs)
capable of alternating between carrying oil cargoes and bulk commodities such as iron ore or
coal. Combination carriers can also be adapted to meet the specialized requirements of a
customer such as alternating between the transport of caustic and alumina for the aluminum
industry. The advantages of this design include the ability to carry cargo in both directions during
a voyage and to shift trades as market conditions and freight rates change.Figure 1-11. Cargo
tank layouts of parcel tankers. Copyright © International Maritime Organization (IMO),
London.Figure 1-11a. General arrangement of a parcel tanker.Figure 1-12 illustrates a typical
cross section of an OBO. The design is characterized by large raised hatch openings as well as
a double-bottom and topside ballast tanks for trimming of solid cargoes. Some of the concerns
expressed with this design include damage to the tank coatings and high stresses from the
loading of dry cargoes. Problems also arise in situations where major components of the cargo
system (such as pumps, valves, inert gas systems, and so forth) experience extended periods of
inactivity. To combat these problems, combination carriers require frequent inspection and
ongoing preventive maintenance to ensure the continued reliability of cargo system
equipment.Figure 1-12. OBO: typical section. Reprinted with permission from the International
Safety Guide for Oil Tankers and Terminals (ISGOTT), 4th Edition. Courtesy OCIMF, ICS, and
IAPH.BARGESThe tank barge industry has undergone a renaissance in recent years with the
wave of new double hull vessels entering service. The modern tank barge fleets represent a
safe, cost effective method of transporting vast quantities of bulk liquid cargoes. In the United
States the tank barge industry consists of approximately 3,700 barges that account for the
transport of millions of tons of cargo annually. Tank barges deliver products throughout the
inland waterway system (rivers, lakes, bays, and sounds) of the U.S. as well as in the coastwise
trade. To fully appreciate the role played by the barge industry in the transportation of bulk liquid
cargoes consider the most recent data available from the American Waterway Operators.
(Figure 1-12a)Figure 1-12a. Barge transportation statistics. Courtesy American Waterway
Operators (AWO).These versatile vessels transport the full range of cargoes carried by tank
ships. Figure 1-13 shows a typical plan view of a double hull barge. Most barges are constructed
with a centerline bulkhead and a series of transverse bulkheads that result in a port-and-
starboard cargo tank configuration as seen in Figure 1-13. The number of cargo compartments
found on a barge is generally dictated by the trade of the vessel. Under the Oil Pollution Act of
1990, the barge industry was also confronted with the mandatory replacement of the existing
single hull fleet with double hull vessels. The Crowley Petroleum Service ATB shown in Figure
1-13a is another addition to their expanding coastwise fleet, equipped with the latest advances
in cargo system design. An articulated tug and barge unit such as the Crowley vessel employ a



deep notch and intercon connection unit to lock the tug and barge together providing a safe and
efficient method for operating offshore without the need for a lengthy tow wire (Figures 1-13b
and 1-13c).Figure 1-13. Double hull arrangements. Courtesy OSG America.Figure 1-13a.
Crowley ATB. Courtesy Stacy DeLoach.In addition to this advanced connection system between
the tug and barge, the cargo systems on the newest barges incorporate many state-of-the-art
features, such as:-inert gas generator-nitrogen generator-vapor recovery system-closed
gauging system-segregated ballast system-flexible and highly efficient cargo system-fixed tank
washing system-thermal oil heating systems-automated cargo control system-increased number
of cargo segregationsIt is apparent that versatility is a key element in the design of the next
generation of tank barges giving owners the ability to adjust to changing market conditions and
customer demands. Today’s operators realize they must compete for work in an increasingly
demanding and competitive oil and chemical transportation market.Barges transporting cargoes
other than oil must meet the construction requirements outlined in Title 46 CFR Part 151, which
call for heightened protection of the cargo area from side or bottom damage to the barge. Barge
hulls are categorized according to structural strength, collision and grounding requirements, and
survivability in the event of flooding from specified damage to the hull. The hull types are
categorized in three ways as follows:1. Type 1 barge hulls are designed to carry products which
require the maximum preventive measures to preclude the uncontrolled release of the cargo.2.
Type 2 barge hulls are those designed to carry products which require significant preventive
measures to preclude the uncontrolled release of the cargo.3. Type 3 barge hulls are those
designed to carry products of sufficient hazard to require a moderate degree of control.Figure
1-13b. Deep notch on barge and Intercon connection Courtesy Stacy DeLoach.Figure 1-13c.
Intercon Connector. Courtesy Stacy DeLoach.Figure 1-14. General arrangement drawing of
135,000-barrel, double-hull barge built at Alabama Shipyard. Courtesy Alabama Shipyard
Inc.SPECIAL PURPOSE TANKERSThere are a number of tank vessels that do not fall within the
traditional classification of a commercial tanker. Such vessels are purpose built in a class of their
own based on the needs of the particular operation they serve. Examples of these special
purpose tank vessels include:UNDERWAY REPLENISHMENT TANKERSThe underway
replenishment tanker is specifically designed to serve the needs of the military by providing fuel
for the operation of vessels and aircraft. The vessel seen in Figure 1-14a has a conventional
cargo and ballast tank arrangement below deck in addition to the necessary hoses, rigging and
winches on deck to conduct the refueling of military vessels while underway at sea. The
refueling operation is an “all hands” operation that requires unique planning and coordination by
everyone involved to ensure a safe and efficient operation.Figure 1-14a. Underway
Replenishment with Aircraft Carrier. Courtesy Brian Roscovius.Figure 1-14aa. Underway
replenishment operation with naval vessel. Courtesy Brian Roscovius.FLOATING
PRODUCTION, STORAGE AND OFFLOADING (FPSO) AND FLOATING STORAGE AND
OFFLOADING (FSO)Offshore oil production platforms normally transfer the oil to the mainland
via subsea pipelines or by tanker. When shuttle tankers are employed to move the oil to the



mainland, the oil is typically stored in an FPSO or FSO that is either permanently moored or able
to disconnect.An FSO is often a converted oil tanker that is used to temporarily store the oil prior
to transfer to a shuttle tanker.An FPSO is a floating tank system used to receive oil from nearby
platforms or wells, process the oil onboard and store it until it can be transferred to a shuttle
tanker. (Figure 1-14b)BARRIERSIn the construction of a tank vessel, a physical barrier is
generally required to separate the cargo and non-cargo areas of the vessel. Several approaches
to meet this requirement are outlined in the construction regulations. The most common method
is the use of a void—dead air space, known as a cofferdam—that places two bulkheads
between the cargo and non-cargo areas as seen in Figure 1-15.Alternative methods of
separation include the use of a cargo or ballast pump room, an empty cargo tank, or a tank
carrying a grade E cargo (flashpoint of 150°F and above). This barrier extends the breadth and
depth of the vessel creating the transition between the gas-safe areas of the vessel (the
superstructure and engine spaces) and the potentially hazardous cargo tank area. Several other
design features contribute to this barrier mentality, including the fact that the forward side of the
after house facing the cargo tank area is sealed, and access to the house is limited to doors
located at the side of the superstructure. These changes have improved the safety of the vessel
over earlier designs by enhancing two basic principles of construction: (1) minimizing the
accumulation of flammable cargo vapors in and around the superstructure and (2) separating
the cargo area from potential sources of ignition.Figure 1-14b. FPSO diagram. Courtesy
Gunnernett.Figure 1-15. The physical separation between the cargo and noncargo areas of a
tanker can be seen in this drawing. Copyright © International Maritime Organization (IMO),
London.CLASSIFICATIONTank vessels are usually classified by the trade in which they are
engaged and according to deadweight tonnage.The trade of a vessel is defined by the type of
cargoes routinely carried over a number of voyages. In the tanker industry three broad
categories predominate:1. Crude-oil carriers2. Product carriersClean (gasoline, jet, diesel,
etc.)Dirty (black oils—residual fuel oils, vacuum gas oils, asphalt, etc.)3. Parcel carriers
(chemical/specialty cargoes, etc.)Tankers tend to remain in one trade. However, as market
conditions and customer requirements change, a vessel may move back and forth between
trades during the lifetime of the vessel. To change the trade of a vessel is a substantial
commitment on the part of an owner as extensive cleaning and even modification of the vessel
may be necessary.Tanker personnel often refer to the vessel according to its deadweight
tonnage (dwt). The deadweight tonnage is used as a rough measure of the cargo carrying
capacity of the vessel and is usually expressed in long tons (1 long ton = 2,240 pounds) or
metric tons (1 metric ton = 2,204.6 pounds). The deadweight tonnage of a vessel is defined as
the amount of cargo, fuel, water, and stores a vessel can carry when fully loaded. Tankers are
typically divided into four broad categories as seen in table 1-1 and Figure 1-16.Figure 1-16.
Relative sizes of tankers. Tanker size has increased dramatically since WWII. The top figure
represents a T-2 tanker. Courtesy Exxon.Table 1-1Classification of Tankers According to
Deadweight TonnageCategoryTonnage RangeTradeHandy/Coastal/Parcel/Barge5,000 to



35,000 dwtProduct/parcelMedium35,000 to 160,000 dwtProduct/crude oilVLCCs (very-large
crude carrier)160,000 to 300,000 dwtCrude oilULCCs (ultra-large crude carrier)300,000 dwt and
aboveCrude oilDEVELOPMENT OF THE SUPERTANKERDuring the post–World War II era, the
tanker industry experienced dramatic changes in both the dimensions and the trade routes of
these vessels. The ever popular T-2 tanker of the war years gave way to modern construction
(Figure 1-17) in order to create more economical ways of transporting oil to meet the growing
demands of the industrialized world.Figure 1-17. “State Class” double hull tanker under
construction at the NASSCO yard. Courtesy Ken Wright, General Dynamics NASSCO staff
photographer.Figure 1-18. Lightering operation. Courtesy Abigail Robson.A number of factors
contributed to the rapid increase in tanker size, including the hostilities in the Middle East that
resulted in the closure of the Suez Canal, a choke point for tanker traffic to and from the oil fields
of the Persian Gulf. Nationalization of the oil refineries in the Middle East and fierce competition
among international ship owners all played a role in accelerating the development of the modern-
day supertanker. VLCCs and ULCCs ply the most solitary trade routes of the oceans, typically
loading at offshore platforms or single-point moorings and discharging at SPM’s, deepwater
terminals or by lightering offshore (Figure 1-18).These vessels can enter only a limited number
of ports in the world when fully loaded and therefore remain at sea for extended periods of time,
a typical voyage often taking seventy to seventy-five days.REVIEW1. Define the term “tank
vessel.”2. What is the effect of free surface on a vessel?3. How can the effects of free surface
be reduced or eliminated?4. Describe the method of construction of single-hull tank vessels.5.
The Oil Pollution Act of 1990 mandates double hulls for new construction. What are the
minimum spacing requirements between the hulls? List some of the concerns associated with
the double hull design.6. Draw a cross section of a mid-deck tanker and explain the method
employed to reduce oil outflow in the event of a casualty (grounding/collision).7. In the transport
of hazardous chemicals, explain the requirements for Types I, II, and III containment.8. In the
construction of a modern tanker, the cargo and non-cargo areas of the vessel must be physically
separated through what means?9. List three factors that contributed to the development of the
modern supertanker.10. List the various trades in which a tank vessel is typically
engaged.CHALLENGE QUESTIONS11. The absence of a centerline bulkhead on certain
double hull tankers resulted in the loss of intact stability during cargo and ballast operations.
Why?12. List three concerns associated with the double hull method of construction.13. The
________________ design attracted the most interest as a likely alternative to the double hull
method of construction mandated by the Oil Pollution Act of 1990.14. Describe the various ways
one might detect that cargo has migrated into the empty ballast space of a double hull
tanker.15. In the event of a collision in which the cargo tank boundary is breached (inner hull),
describe your actions to limit the spill and safeguard the vessel.CHAPTER 2Cargo
CharacteristicsRICHARD BEADON AND MARK HUBERNumerous potential hazards are
associated with the seagoing transport of bulk liquid cargoes. To minimize those risks it is
imperative for the person-in-charge (PIC) to have a keen understanding of the physical



properties of the cargo being transported. Experience has shown that a thorough working
knowledge of the cargo is vital to intelligent decision-making with respect to safe carriage as well
as to efforts to maintain quality assurance. Improper transfer procedures, stowage, and care of
the cargo have all factored into incidents that resulted in harm to personnel and damage to
vessel, cargo, and the environment. This chapter seeks to address the main characteristics and
hazards presented by the cargo as it relates to the role of the vessel PIC. Many of the properties
and hazards discussed in this chapter apply to all bulk liquids. However, due to their special
nature, liquid chemicals may present significantly different characteristics and hazards.BULK
LIQUID CARGOESTank vessels transport a wide variety of liquids in bulk (unpackaged). These
fall under three broad classifications: petroleum liquids, chemical liquids, and special
liquids.Petroleum LiquidsPetroleum liquids consist of naturally occurring crude oil and the
various products derived (refined) from this raw material, including the
following:GasolineKeroseneResidual fuel oilFuel oilJet
fuelAsphaltDieselLubricantsCokeResidual fuel oilAsphaltChemical LiquidsA liquid chemical is
any substance used in, or obtained by, a chemical process. There are literally hundreds of
different chemicals transported by tank vessels. These substances are derived from many
sources and have diverse characteristics. They may be categorized as organic or inorganic
chemicals. Table 2-1 shows a sampling of each.Table 2-1Chemical LiquidsOrganic
ChemicalsInorganic ChemicalsAromatic hydrocarbonsBoric acidVinyl chlorideSulfuric
acidAcetonePhosphoric acidAcetic acidCaustic sodaStyrene monomerHydrochloric
acidAcrylonitrileMolten sulfurSpecial LiquidsLiquid substances other than those classified as
petroleum or chemical are described as special liquids. Table 2-2 shows some examples.Table
2-2Special LiquidsAnimal/Vegetable OilsMiscellaneous LiquidsPalm oilFreshwaterSoybean
oilBeerSunflower oilWineOther vegetable oilsAnimal oilsTallow and
greasesMolassesPROPERTIES OF PETROLEUMCrude oil and the products derived from the
raw material are considered petroleum liquids. Crude oil is a mixture of a wide range of long-
chain hydrocarbon molecules. A hydrocarbon molecule is essentially one or more hydrogen
atoms linked with one or more carbon atoms, hence the term hydrocarbon. The composition of
crude oil varies widely (paraffins, naphthenes, or aromatics) depending on its geographic
source. Crude oil can be described as either “heavy” or “light” based upon its specific gravity.
The number of carbon atoms in the hydrocarbon molecule influences the specific gravity of a
crude oil. The greater the number of carbon atoms in a molecule, the heavier the molecule will
be.A compound is a chemical substance made up of two or more elements bonded together
and not separable by physical means. Crude oil is a mixture of hydrocarbon compounds ranging
from those that are partly gaseous under normal atmospheric conditions to those that are liquid
or solid. Also present are traces of nitrogen, sulfur, oxygen, and metals. Crude oils containing
sulfur compounds such as hydrogen sulfide are known as sour crudes and are characterized by
a vile and nauseating rotten-egg odor.The refining process involves separating the various
hydrocarbon compounds in crude oil into groups or fractions of compounds having similar



boiling point ranges. A number of methods are used in the refining process including the
following:Distillation, or physical separation, consists of boiling off the crude oil and splitting it
into a number of fractions.Cracking is a chemical conversion that results in splitting the heavier
fractions into lighter fractions. Each fraction has its own boiling point and a unique set of physical
properties.Purification is the process of removing certain impurities (such as sulfur) from the
petroleum products during the refining process.FLAMMABILITY CHARACTERISTICS OF BULK
LIQUID CARGOESThere are serious fire risks associated with the transport of petroleum and
certain chemical cargoes; hence a discussion of these characteristics is in order. To enable the
PIC to judge the degree of risk, most cargoes are categorized according to their flammability.
Following is a review of some basic terms used in the classification of cargoes:Volatility: In a fire
involving a flammable liquid, the vapor that is given off by the liquid burns, not the liquid itself.
Therefore, the flammability of a liquid cargo will depend primarily on the ability of the liquid to
produce flammable vapor. Volatility is a term used to describe the tendency of oils or chemical
products to produce flammable vapor. To assist the PIC, there are a number of ways of
expressing the volatility of a liquid.True vapor pressure (TVP): Vapor pressure indicates the
volatility of a liquid. For example, when a petroleum (liquid) cargo is loaded into a tank, it will
begin to vaporize into the space above. When the vapor and liquid in the space reach
equilibrium, the pressure exerted on the liquid is its true vapor pressure. The true vapor pressure
of a petroleum liquid will vary due to differences in composition and temperature; consequently
another method of expressing the vapor pressure is employed—the Reid vapor pressure
(RVP).Reid vapor pressure (RVP): Reid vapor pressure is the measured vapor pressure that
results when a sample of liquid in a closed container is heated to a standard temperature of
100°F (37.8°C). It is determined in a standard laboratory experiment using Reid testing
apparatus. This test is of practical value to the PIC as it replicates the conditions that may exist
during transport of a cargo at sea. It does so by providing an indication of the behavior of a
particular cargo in the sealed tanks of a vessel when subjected to changing ambient (sea and
air) temperatures. Reid vapor pressure is used in the classification of flammable liquids, as
shown in table 2-4.Flash point: Another term frequently encountered in the classification of
liquids is flash point. The flash point of a flammable liquid is the lowest temperature at which the
liquid gives off sufficient vapor to form an ignitable mixture near its surface. This mixture of vapor
and air is ignitable by an external source of ignition, but the rate of vaporization is usually
insufficient to sustain combustion.Fire point: The fire point of a flammable liquid is the lowest
temperature at which the liquid will produce sufficient vapor to ignite and continue to burn. This
temperature is higher than the flash point of a liquid. The principal use of the terms flash point
and fire point is to indicate the relative fire hazard associated with different products.Autoignition
temperature: The autoignition point of a liquid is the lowest temperature at which sustained
combustion will occur in a liquid without the application of a spark or flame (external source of
ignition). This temperature is above the fire point of a liquid.Flammable limits: A liquid cannot
burn unless it emits flammable vapors. In order to burn, the correct proportions of oxygen, vapor,



and heat must be present. The flammable vapor of a liquid must therefore mix with air in the
proper proportions to form an ignitable mixture.Lower explosive limit (LEL) or lower flammable
limit (LFL): The lower explosive limit is the smallest percentage of vapor in air that will form an
ignitable mixture (point C in Figure 2-1). If the concentration of vapor is below the LEL, the
mixture is considered “lean” and will not support combustion.Figure 2-1. Flammable range
diagram. Reprinted with permission from the International Safety Guide for Oil Tankers and
Terminals (ISGOTT), 5th edition. Courtesy OCIMF, ICS and IAPHUpper explosive limit (UEL) or
upper flammable limit (UFL): The upper explosive limit is the greatest percentage of vapor in air
that will form an ignitable mixture (point D in Figure 2-1). If the percentage of vapor present
exceeds the UEL, the mixture is considered “rich” and will not support combustion.Flammable
range or explosive range: The flammable or explosive range diagram in Figure 2-1 illustrates all
the possible combinations of vapor in air (between the upper and lower flammable limits) that
form an ignitable mixture. Mixtures of hydrocarbon vapor and air that lie outside the flammable
range (shaded area in the curve) will not support combustion. In the case of oil cargoes, if the
hydrocarbon concentration is below the lower explosive limit, there is insufficient vapor to
support combustion. Conversely, if the hydrocarbon concentration is above the upper explosive
limit, there is insufficient air to support combustion.Table 2-3Typical Flammable Limits of Sample
CargoesProductLELUELRangeCrude (average)1.0%10.0%9.0%Gasoline1.3%7.6%6.3%Kerose
ne0.7%6.0%5.3%Benzene1.4%8.0%6.6%Ethylene
oxide2.0%100.0%98.0%Ammonia15.5%27.0%11.5%Naphtha0.9%6.7%5.8%Source: United
States Coast GuardThe flammable limits can vary substantially for different petroleum and
chemical cargoes. Table 2-3 lists the typical limits of flammability for several cargoes. To
determine the flammable limits of a particular cargo, consult the data sheets or the laboratory
analysis of the cargo.Vapor density: Vapor density is the ratio of the weight of a vapor or gas with
no air present compared to an equal volume of air at the same temperature and pressure. The
vapor density of a liquid can only be accurately determined in a standard laboratory experiment.
A vapor density of 1 indicates that the gas weighs the same as that of an equal volume of air.
Values less than 1 indicate that the gas is lighter than air and will tend to rise. Values greater
than 1 would indicate that the gas is heavier than air and would tend to settle.An understanding
of vapor density is important because most petroleum cargo vapors are heavier than air and will
settle in lower regions of a tank or pump room. This is an important consideration when
determining the method and adequacy of testing an atmosphere for the presence of cargo
vapors.Vapor density is also an important element that contributes to the accumulation of
flammable vapors on deck and around the superstructure while tanks are venting during a
loading operation.AVOIDANCE OF THE FLAMMABLE RANGETo enhance the overall safety of
transporting flammable cargoes, many tank vessels are equipped with inert gas systems (see
chapter 16 for a detailed discussion). The purpose of this system is to maintain the atmosphere
of the cargo tanks in a nonflammable condition throughout the voyage cycle (operating life) of
the vessel. This is achieved through the use of a gas or a mixture of gases that is deficient in



oxygen and therefore incapable of supporting combustion. Although the atmosphere of a tank
may contain flammable vapors in varying concentration, there can be no fire or explosion if the
tank is starved of oxygen.A properly inerted cargo space is any compartment with an
atmosphere containing 8 percent or less oxygen by volume and maintained under positive
pressure. The application of an inert gas system during a typical voyage can best be illustrated
relative to a flammable range diagram (Figure 2-1). The goal of this system is to prevent the
atmosphere of the cargo tanks from ever entering the flammable range.Voyage Cycle (Inert Gas
Cycle)A convenient starting point for this discussion is a vessel in the shipyard with the entire
cargo system clean and gas free (see chapter 15 for a discussion of the gas-free state). As
shown in the flammable range diagram (Figure 2-1), the atmosphere of the cargo tanks would
likely be found near position A with an oxygen content of 21 percent by volume and a reading of
less than 1 percent of the LEL on a combustible-gas indicator. Prior to departing the yard or
while en route to the first loading port, the inert gas system is operated to carry out the primary
inerting of the cargo tanks. With vents open, the fresh air is driven out of the cargo tanks and
replaced with good quality inert gas. The net effect of this operation is to lower the oxygen
content of the atmosphere in the cargo tanks. Primary inerting is illustrated in Figure 2-1 by
moving to the left along the horizontal axis from point A until the atmosphere reaches 8 percent
or less oxygen by volume. It should be noted that as the oxygen content of a space is lowered,
the range of flammability for most petroleum products decreases progressively until it terminates
at about 11 percent oxygen by volume.At the loading port, cargo entering the empty tanks will
start to displace the inert atmosphere. Due to the turbulence of the loading operation, flammable
cargo vapors are generated, resulting in the atmosphere moving up the vertical (hydrocarbon)
axis of the flammable range diagram toward point F. There is no material change in the oxygen
content provided a positive pressure is maintained within the space, thereby preventing the
ingress of air. At the completion of the loading operation, the atmosphere above the cargo in the
topped-off tank(s) is likely to be a rich mixture, yet still in an inert state.During the sea passage to
the discharge port, the oxygen content and tank (deck) pressure should be monitored. Some
operators have reported a significant increase in the oxygen content of the atmosphere of
inerted cargo tanks during the loaded passage. The only cause that could be attributed to the
oxygenation of the atmosphere involved a characteristic of the cargo. Upon leaving the dock at
the loading terminal, the vessel cargo tanks were reported to have a measured oxygen content
of 5% by volume, and upon arrival at the discharge terminal the oxygen content was found to be
between 14% and 15% by volume. Also, due to the fact that liquid cargoes expand and contract
with changes in sea and air temperature, significant fluctuations in the tank (deck) pressure
occur during the voyage. If, for example, the deck pressure rises as a result of increasing
ambient temperatures, it may be necessary to vent off the excess pressure. Conversely, when
colder temperatures and a corresponding drop in tank (deck) pressure are encountered, it may
be necessary to start the inert gas system and top up the pressure in the tanks. Topping-up is
defined as the introduction of inert gas into a tank already in the inert condition with the object of



increasing the tank pressure to prevent any ingress of air.Upon arrival at the discharge port, the
inert gas system is started and operated for the duration of the cargo discharge. Inert gas is
delivered to the tanks to replace the cargo being discharged. To ensure that positive pressure is
maintained, the inert gas supply must exceed the cargo discharge rate. During the discharge
operation (Figure 2-1) the hydrocarbon concentration of the atmosphere will drop as the cargo
vapors are diluted with inert gas. Thereafter, during each successive load and discharge, the
tank atmosphere moves up and down the vertical (hydrocarbon) axis. This vertical change is
acceptable provided oxygen (air) is not introduced into the space, possibly compromising the
inert status of the tank or vessel.If a problem should develop at the discharge port, this may
necessitate a return to the shipyard. During the ballast trip it may become necessary to prepare
the cargo tank(s) for entry by personnel. The tank or tanks should be water-washed in
accordance with recommended guidelines while maintaining an inert condition. Following the
wash, the tanks are purged with inert gas prior to ventilation with air.PURGINGPurging is the
introduction of inert gas into a tank that is already in an inert condition with the object of reducing
the hydrocarbon concentration to a point where subsequent ventilation with fresh air will not
result in the creation of a flammable atmosphere. The purging process is illustrated in Figure 2-1
by moving from point F to point H.Safe industry practice dictates that purging of a tank should
continue until the hydrocarbon concentration of the space is 2 percent or less by volume as
determined by using a suitable hydrocarbon analyzer.Upon completion of purging, the space is
ventilated with air using portable fans or the inert gas system in the gas-free mode. Ventilating
with air at this point further reduces the hydrocarbon concentration while increasing the oxygen
content of the space. The ventilation process continues until the atmospheric tests reveal a
return to safe readings (21 percent oxygen by volume and less that 1 percent LEL on a
combustible-gas indicator). The process of ventilating the tank with air is shown in Figure 2-1 by
moving from point H to point A.It is important to realize that avoidance of the flammable range in
this way is the expectation of the transportation industry and is only possible if the operator
thoroughly understands the use of the inert gas system.CLASSIFICATION OF
PETROLEUMPetroleum liquids are classified in many ways throughout the world. The following
information addresses two common approaches.International ClassificationIn many safety-
related rules and regulations, petroleum cargoes are broadly classified as volatile liquids and
nonvolatile liquids.Volatile liquids: Petroleum liquids that have closed-cup flash points below
140°F (60°C) are considered volatile. Over the normal range of ambient temperatures
encountered during transport, cargoes in this category are capable of producing gas/air
mixtures within and above the flammable range. For this reason, volatile cargoes are frequently
transported in a tank with a controlled (inerted) atmosphere.Nonvolatile liquids: These are
petroleum products that have closed-cup flash points of 140° F (60° C) and above. Over the
normal range of ambient temperatures encountered during transport the atmosphere above
these cargoes (headspace) typically contains gas concentrations below the lower flammable
limit. Cargoes in this category include residual fuel oils and diesel oils. Due to other properties



associated with these cargoes, however, the application of heat is often necessary during the
voyage. Caution must be exercised with heated cargo, as the creation of a flammable
atmosphere is possible if it is heated to or near the flash point.United States Coast Guard
ClassificationThe United States Coast Guard (USCG) separates petroleum liquids into two
categories: flammable and combustible.Flammable liquids: Liquids that have an open-cup flash
point at or below 80°F (26.7°C) are classified as flammable liquids.Combustible liquids: Liquids
that have an open-cup flash point above 80°F (26.7°C) are classified as combustible liquids.The
flammable and combustible liquids are subdivided into grades based on their flash points and
Reid vapor pressures. Tables 2-4 and 2-5 show the USCG classification system contained in
Title 46 CFR Parts 30.10.15 and 30.10.22.Table 2-4USCG Classification of Flammable Liquids
Flash Point at or below 80°F (26.7°C)GradeFlash PointReid Vapor PressureExamplesA80°F or
below14 psi and aboveNatural gasoline, naphthaB80°F or belowMore than 8.5 but less than 14
psiMost commercial gasolineC80°F or below8.5 psi and belowMost crude oilsAviation
gasolineTable 2-5USCG Classification of Combustible Liquids Flash Point above 80°F
(26.7°C)GradeFlash PointReid Vapor PressureExamplesDAbove 80°F but below 150°FN/
AKeroseneCommercial jet fuelsE150°F and aboveN/AHeavy fuelLube oilsAsphaltCARGO
WEIGHT, CAPACITY, AND FLOWTo plan the loading of a liquid cargo into a tank vessel, it is
necessary to know the unit weight of the cargo and the amount of space it will occupy. Once a
cargo has been loaded into a tank, it is then necessary to determine the quantity in the tank. At
the discharge port, it is necessary to again determine the quantity of cargo onboard prior to the
discharge.The safe, efficient, and accurate determination of the quantity of cargo in the vessel’s
tanks is a key responsibility of the PIC. The quantity of cargo is an important factor for proper
accounting (billing); for cargo calculation (determining draft, trim, and stress in order to ensure
the vessel is not overloaded); and for calculation of transfer rates. The PIC should therefore be
familiar with the following terms relating to volume and weight, as they are used in conjunction
with the transport of liquid cargoes in bulk.DensityThe density of a substance is the weight per
unit volume at a standard temperature of 60°F (15.6°C). The density of a liquid is expressed in
ounces per cubic foot. For example, at a standard temperature of 60°F (15.6°C), the density of
freshwater is 1,000 ounces (62.5 lbs) per cubic foot and the density of salt water is 1,025 ounces
(64.06 lbs) per cubic foot.If the density and volume of a liquid are known, the weight of the
volume occupied by the liquid can be found by using the following formula:Weight = Volume ×
DensityIf the weight and volume of the liquid are known, then the density can be found by
transposing the formula:Density = Weight / VolumeSpecific Gravity (SG)The specific gravity
(SG) of a substance is the ratio of a given volume of a substance at a standard temperature of
60°F (15.6°C) to the weight of an equal volume of freshwater at the same temperature. For
example:If the density of a liquid is known, it can be converted into specific gravity by dividing its
density by the density of freshwater.API GravityAPI gravity is an arbitrary scale developed by the
American Petroleum Institute and used in the transportation industry as an alternative means of
expressing the weight of a measured volume of a liquid.The API gravity of a liquid is expressed



in a scale of degrees API at a standard temperature of 60°F (15.6°C). Freshwater has an
arbitrary gravity of 10 degrees. Liquids lighter than freshwater have an API gravity greater than
10 and liquids heavier than freshwater have an API gravity less than 10.For information
purposes, the API gravity is derived using the following formula:API gravity in degrees=(141.5/
Specific gravity @ 60°F) – 131.5Determination of Density, Specific Gravity, and API GravityA
hydrometer is one of the instruments commonly used to measure density. Hydrometers are
calibrated to measure density in ounces; however, those that measure API gravity are marked in
degrees API. To obtain the specific gravity of a liquid, a density hydrometer is used and the
reading is divided by 1,000 (the density of freshwater).To obtain the density/API gravity of cargo
in a tank, a sample is drawn and the appropriate hydrometer used. Due to the fact that liquid
cargoes expand or contract with changes in temperatures, the reading obtained is the density/
API gravity of the liquid at which the sample was tested. Therefore, it is essential to take a
temperature reading of the sample to accurately calculate the density or API gravity.Units of
MeasureTable 2-6 shows the typical units of measure used in the transportation industry.Table 2–
6Units of MeasureUnitMeasure1 barrel42 gallons (US)1 cubic meter6.2898 barrels1 ton metric
(tonne)1,000 kilograms (2,204.6226 pounds)1 ton (long)2,240 pounds (1,016.0469 kilograms)1
gross barrel42 gallons at actual temperature in the tank1 net barrel42 gallons adjusted to
standard temperature of 60°FViscosityViscosity is a measure of the internal friction of a liquid or
its resistance to flow. It is an important consideration when determining the pumpability of a
liquid cargo. The viscosity of a liquid changes with different temperatures. For example, as the
temperature of a liquid increases, the viscosity decreases. For efficient loading and discharging
of the vessel, the PIC should be aware of the optimum viscosity of the cargo. This value is useful
in determining the heating requirements of a cargo and the proper temperatures to be
maintained during cargo transfer and in transit.There are many standards for expressing
viscosity. Controlled laboratory experiments are used to determine the viscosity of a liquid. In
one method, Saybolt Seconds Universal (SSU), viscosity is measured by the time in seconds
that it takes for a liquid at a prescribed temperature to drain from a standard viscosimeter. This
information is typically derived from a laboratory analysis report of the cargo.Pour PointThe pour
point of a liquid is the lowest temperature at which the liquid will remain fluid. It is expressed as a
temperature either in degrees Fahrenheit or Celsius. The PIC should be mindful of this
temperature when transporting cargoes with elevated pour points. Examples of such cargoes
include residual fuel oils, vacuum gas oils, wax, and asphalt. During transport, the cargo
temperature in the tanks should be closely monitored and the heating system adjusted to
maintain the recommended temperature. To avoid possible solidification of the cargo, the
temperature should never be allowed to approach the pour point of the substance.Cloud
PointThe temperature below which sludge deposition can be expected in the cargo tanks. In the
case of certain crude oils that require the application of heat it represents the temperature at
which the paraffin wax in the crude separates from the liquid phase of the cargo.TOXICITY—
MEASUREMENT AND REGULATIONSToxicity refers to the poisonous nature and potential



health risks associated with a particular substance. The toxicity of a substance is difficult to
measure and is subject to revision as more detailed information about the ramifications of
exposure become available. The threshold limit value–time weighted average provides a
convenient indicator of the relative toxicity of gases and assists individuals in reducing health
risks. Studies performed on animals and extrapolated for the human body form the basis of
rating toxicity levels.Threshold Limit Value–Time Weighted Average (TLV-TWA)The threshold
limit value–time weighted average (TLV-TWA) is a designation established by the American
Conference of Governmental and Industrial Hygienists (ACGIH) for various substances. These
designations are used as recommended guidelines in the workplace; they are subject to review
and may be updated annually, in which case the results will be published in ACGIH publications.
The term threshold limit value–time weighted average (TLV-TWA) is used in the transportation
industry to express the toxicity of vapors from a substance. The TLV-TWA of a substance is
usually expressed as the number of parts per million (ppm) by volume of vapor in air.According
to ACGIH, “Threshold Limit Values refer to airborne concentrations of substances and represent
conditions under which it is believed that nearly all workers may be repeatedly exposed day after
day without adverse health effects.” When expressed as a time weighted average, the
concentration is considered over a normal eight-hour workday and a forty-hour
workweek.Permissible Exposure Limit–Time Weighted Average (PEL-TWA)The permissible
exposure limit (PEL) of a substance is a designation used by the Occupational Safety and
Health Administration (OSHA) and the United States Coast Guard (USCG). The PEL represents
a regulatory value (as opposed to a recommended guideline) that must not be exceeded in the
workplace. For example, the PEL-TWA for cargoes covered by the benzene regulation is 1
ppm.Threshold Limit Value–Short-Term Exposure Limit (TLV-STEL)The threshold limit value–
short-term exposure limit (TLV-STEL) defines the concentration of a substance to which workers
can be exposed continuously for a short period of time, provided that the daily TLV is not also
exceeded.The STEL is a fifteen-minute time weighted average exposure that should not be
exceeded at any time during the workday, even if the eight-hour time weighted average is within
the TLV.Exposures at the STEL may not be longer than fifteen minutes and cannot be repeated
more than four times per workday. There must also be at least sixty minutes between successive
exposures at the STEL.Threshold Limit Value–Ceiling (TLV-C)The threshold limit value–ceiling
(TLV-C) is the maximum concentration of vapor in air, expressed as either a TLV or PEL, that
must not be exceeded even for an instant. In situations when there is no established ceiling limit,
the TLV-STEL is used.Immediately Dangerous to Life or Health (IDLH)The designation IDLH
(immediately dangerous to life or health) was established by the National Institute for
Occupational Safety and Health (NIOSH), an agency of the Public Health Service.IDLH is
defined by NIOSH as a condition “that poses a threat of exposure to airborne contaminants
when that exposure is likely to cause death or immediate or delayed permanent adverse health
effects or prevent escape from such an environment.”The practical application of the IDLH
designation is to provide a basis for the selection of an appropriate respirator.Odor



ThresholdExpressed in parts per million by volume in air, the odor threshold is the smallest
concentration of a gas that can be detected by most individuals through the sense of smell.It is
not an absolute value as it can vary considerably among individuals. Some odors are also
capable of deadening the sense of smell. It is therefore not advisable to rely on the sense of
smell as an indicator of the presence of a dangerous vapor.Knowing the odor threshold of a
toxic substance is important. If, for example, a liquid has a TLV-C of 20 ppm and an odor
threshold of 50 ppm, by the time an individual detects the presence of this substance by the
sense of smell, harmful exposure has already occurred.Given the number of different liquid
cargoes transported on tank vessels, it is not possible for one person to know all the details
concerning a particular product. It is a daunting task to become familiar with all the products a
PIC might be expected to handle and transport; therefore, it is vital that the PIC know where to
turn for accurate, reliable information.Toxicity—Effect on PersonnelPoisoning by toxic liquids can
occur through one or more of the following three methods: (1) ingestion, (2) skin contact, and (3)
inhalation.INGESTIONThe risk of swallowing petroleum or chemical liquids in normal day-to-day
operations should be minimal provided individuals always exercise good hygiene. To minimize
exposure through ingestion, personnel should be reminded to wash hands thoroughly before
meals and never to eat or drink on deck. If accidental ingestion does occur, guidance can be
found in the MSDS or cargo information cards. Medical assistance should be sought
immediately.SKIN CONTACTWith most petroleum products, skin contact can cause irritation
and lead to dermatitis. Contact with the eyes and skin can be particularly dangerous when
handling corrosive cargoes such as caustics or acids. Personnel should always wear protective
clothing and eye protection when there is a risk of exposure through physical contact (splash
hazard). The MSDS gives recommended precautions for minimizing exposures. If a toxic or
corrosive liquid comes into contact with any part of the body, guidance can be found in the cargo
information sheets.INHALATIONThe inhalation of cargo vapors has long been recognized as
one of the leading hazards of exposure for workers on deck. Cargo vapors are pervasive and
therefore difficult to control. The effect of inhalation of petroleum vapors on an individual can
vary from imperceptible to obvious signs of impairment. The acute, short-term effects of
exposure to petroleum products can include headache, euphoria, eye irritation, nose and throat
irritation, loss of orientation, dizziness, and a drunken appearance. Continued exposure to high
concentrations may lead to paralysis and possibly death.The toxicity of petroleum and chemical
cargoes varies widely depending on the makeup of the substance. The presence of some
constituents in the cargo such as benzene, lead, and hydrogen sulfide can pose a significant
threat to individuals. As already discussed, the TLV provides an indication of the level of
exposure to a toxic substance that is acceptable during a typical workday over an indefinite
period of time. The STEL is an indication that the human body can tolerate concentrations
greater than the TLV for short periods, typically no more than fifteen minutes.The odor of
cargoes varies greatly and, in some cases, can fool an individual’s sense of smell. Also, with
some products, the odor threshold may be much higher than the TLV. In this case, harmful



exposure may occur before the individual starts to smell the cargo vapor. The impairment of
one’s sense of smell is especially serious if the mixture contains hydrogen sulfide. Because of
these inherent dangers, the PIC should never take the absence of smell as an indication of the
absence of gas, but should always test for toxicity, be aware of the TLVs, and follow the proper
entry procedures for enclosed spaces such as cargo tanks.SOURCES OF CARGO
INFORMATIONThere are various sources of information regarding the physical properties and
hazards of cargoes. The need for current, accurate cargo information is essential for the safety
of those involved in the transport of bulk liquid cargoes. Some of the more common sources of
cargo specific information available to the person-in-charge include the following:• Material
Safety Data Sheets (MSDS) produced by the manufacturer of the substance (see Appendix A
on enclosed disc).• Chemical Data Guide for Bulk Shipment by Water (former CG-388), Figure
2-2, and Chemical Hazards Response Information System (CHRIS), Figure 2-3, from the United
States Coast Guard. As of this writing, the United States Coast Guard has revised the CHRIS
database and made it available to the public in a number of ways: CD-ROM, the Internet (), and
in hard copy. The CD-ROM contains physical, chemical, toxi-cological, and combustion
properties for over 1,300 chemicals and mixtures in addition to pollution response and
regulatory information. In the event that the listed sources of information do not address the
substance being handled or transported, in an emergency, the PIC should contact CHEMTREC
or the National Response Center.• Tanker Safety Guide Data Sheets from the International
Chamber of Shipping (ICS)Figure 2-2. Excerpt from Chemical Data Guide for Bulk Shipment by
Water (former CG-388). Courtesy United States Coast Guard.Figure 2-3. Excert from the
Chemical Hazards Response Information System (CHRIS). Courtesy United States Coast
Guard.• Chemical Codes (Summary of Minimum Requirements) from the International Maritime
Organization (IMO)• Code of Federal Regulations (CFR) from the United States government•
Pocket Guide to Chemical Hazards from the National Institute for Occupational Safety and
Health (NIOSH)The information provided is of particular relevance to individuals responsible for
the safe transfer and transport of bulk liquid cargoes. The person-in-charge should not only have
ready access to this information but should also possess a thorough understanding of the
characteristics of the substances being handled. Toward that end, the following list summarizes
the various categories addressed in a typical material safety data sheet:Cargo identification and
emergency informationComponents and hazard informationPrimary routes of entry and
emergency and first aid proceduresFire and explosion hazard informationHealth and hazard
informationPhysical dataReactivityEnvironmental informationProtection and
precautionsTransportation and OSHA label informationA sample MSDS for commercial gasoline
from ConocoPhillips can be found in Appendix A.HAZARDSThe following list shows the main
hazards associated with the handling and carriage of bulk liquid cargoes:Fire and
explosionStatic electricityToxicityOxygen deficiencyReactivityCorrosivityFire and
ExplosionTremendous strides have been made in the design of tankers to improve the safety of
personnel and of the vessel. One of the primary areas of attention in the design of a modern



tanker is fire safety.HAZARDOUS AREAS OF THE VESSELHistorically, efforts to reduce the risk
of handling and transporting flammable cargoes have focused on the elimination of ignition
sources from those areas of the vessel where the existence of a flammable atmosphere was
likely. This led to the identification and designation of certain areas of the vessel as potentially
hazardous zones.As an additional safeguard, many tank vessels are now equipped with inert
gas systems. The use of this safety system has greatly improved the fire-prevention measures in
the tanker industry. As previously discussed, operators must have a thorough understanding of
inerting procedures to realize the full benefit of this system. The hazards and precautions
summarized in this section address the safe carriage and handling of petroleum and chemicals.
For the purposes of fire prevention, a tank vessel can be divided into the following
areas:Location of flammable atmospheres: These are areas such as non-inerted cargo tanks,
pump rooms, deckhouses, vent stacks, cargo and vapor manifolds, and others where the
existence of a flammable atmosphere is possible.Two general precautions cover the main
methods of fire prevention in these areas:1. Eliminate all sources of ignition:Smoking and open
flamesPortable electrical equipment and nonapproved flashlightsNon-intrinsically safe electronic
equipment (radios, cameras, etc.)Hot workUse of power and hand toolsElectrostatic
discharges2. Maintain the atmospheres outside the flammable range, either by removing the
hydrocarbon content (gas-freeing) or by reducing the oxygen content to 8 percent or less by
volume (inerting).Areas containing heat and ignition sources: These are working spaces such as
machinery and boiler spaces, galleys, and so forth, that contain electrical equipment and other
sources of heat and ignition. The main method of fire prevention in these areas is to keep them
free of flammable vapors.Living areas: Crew accommodation areas are normally free of
flammable vapors but contain combustible material such as furniture, linen, paper, and more.
The main method of fire prevention in these areas is to keep ignition sources to a
minimum.Pumprooms: The cargo pump room is a small, complex space that contains a large
concentration of piping and equipment. Any leakage of volatile liquids has the potential to
generate flammable and/or toxic atmospheres. A pump room may also contain a number of
potential ignition sources such as lighting, tools, electrical equipment, and mechanical
equipment. Personnel should also include the following checks as precautions against fire and
explosion:Ensure that forced draft ventilation is operating and entry procedures are followed
whenever the pump room is entered. (see Chapter 15)Make frequent rounds to find potential
sources of cargo leaks, flammable vapors, and ignition.Ensure that pumproom bilges are clean
and dry.Cargo Tanks: The prevention of fire and explosion in the cargo area of the vessel is
accomplished by the following:Maintaining an inert atmosphere in the cargo and slop tanks at all
times unless they are gas freeMaintaining a positive deck pressure in the inerted tanks to
prevent the ingress of airEliminating all possible sources of ignitionElectrostatic HazardsStatic
electricity is a potential fire and explosion risk when handling certain types of petroleum and
petrochemical cargoes. In some operations, the electrical charge generated is capable of
igniting flammable vapors such as those found in the atmosphere of a non-inerted cargo



tank.CAUSESThe sequence necessary for the development of a static electricity hazard
involves (1) charge generation, (2) charge accumulation, and (3) electrostatic discharge.The
generation of static electricity occurs at the interface of dissimilar materials. These interfaces
may be between two solids, between solids and liquids, or between liquids and liquids. If the two
materials are separated by some mechanical action, one will carry an excess of positive charge
and the other an excess of negative charge. The separated charges typically recombine to
neutralize each other.If one of the materials is a poor conductor of electricity, recombination will
be limited and a difference in charge (electrical potential) will exist between the two bodies.
These electric charges can accumulate and may equalize in the form of an electrical discharge.
If these electrical discharges generate a sufficient amount of heat, they can ignite flammable
vapors. In cargo operations, charge separation occurs in many ways:Friction caused by the flow
of petroleum liquid through extensive piping systems, strainers, and filtersPetroleum and water
mixtures in the cargo tanksSplashing or agitation of petroleum liquids such as flow through a
nozzleWhen handling a static accumulator (poor conductor of electricity), the material must be
given ample time for the separated charges to recombine. In practice, this is known as the
relaxation time during which an accumulated charge will have an opportunity to dissipate. If the
material has a high conductivity (good conductor of electricity), the recombination occurs quickly
and offsets the accumulation of separated charges. Consequently, there is little generation of
static electricity by materials that are good conductors. Examples are metals and water
solutions, including seawater, that are incapable of holding a charge unless insulated. Oils in this
category include crude oils, residual fuel oils, and asphalt.Static accumulators are characterized
as having low conductivity; they require a longer relaxation time before the charge ultimately
dissipates to earth. In this case, more static electricity accumulates, increasing the possibility of
an electrostatic discharge that could ignite a flammable atmosphere. Examples of known static
accumulators include gasoline, naphtha, kerosene, heating oil, jet fuel, and lubricating oil.The
charge that accumulates in a liquid, solid, or mist establishes an electrical field between it and
nearby earthed bodies. The strength of the electrical field is the voltage gradient, which is
determined by the difference in voltage between the two points and by their distance apart. To
prevent the possibility of an electrostatic discharge that could occur if portable equipment was
introduced into a charged atmosphere, it is sound practice to bond all metal objects together. In
other words, the PIC should not introduce any equipment that might be electrically insulated into
a potentially hazardous atmosphere. Examples of portable equipment that usually requires
bonding include portable tank cleaning machines, manual gauging equipment, temperature
probes, and sampling equipment.LOADING OF STATIC ACCUMULATOR CARGOESTo reduce
the risks associated with the handling of a known static accumulating cargo, the PIC must
adhere to several precautions. (It should be noted that static precautions are not necessary
when the cargo tank in question is maintained in the inert condition).Prior to the commencement
of a cargo transfer, the PIC should confer with a shore representative to identify any cargoes
classified as static accumulators. If in doubt, the PIC should consult the appropriate MSDS and



follow the guidance pertaining to the handling of the particular product.The PIC should take
steps to minimize the presence of water in the cargo system by properly draining all cargo tanks
and pipelines prior to the commencement of loading. The mixing of dissimilar liquids (oil and
water) can contribute to the creation of an appreciable electrostatic charge in a space and
should therefore be avoided.It is advisable to treat all distillates as static accumulators unless
they contain an antistatic additive. Distillates may carry a sufficient charge to constitute a hazard
during loading and for a period of time after the completion of the loading operation.The
beginning of the loading operation is a critical point due to the risks posed by excessive initial
loading rates, excessive splashing and turbulence into an empty tank, or the presence of water
in the pipelines and bottom of the tank.The PIC should minimize electrostatic generation in the
early stages of the loading operation by restricting the initial flow rate to the cargo tank(s). This
reduced flow rate should be maintained until the bottom framing in the tank is covered and all
splashing and turbulence has ceased. The term commonly used to describe this process is
known as cushioning a tank. According to the International Safety Guide for Oil Tankers and
Terminals (ISGOTT), the initial flow rate should be restricted to a linear velocity that does not
exceed 1 meter per second. Table 2-7 indicates typical loading rates that correspond to a linear
velocity of 1 meter per second.Table 2-7Flow Rates Corresponding to 1 Meter Per
SecondNominal Pipeline Diameter (mm)Approximate Flow Rate (Cubic meters/hour)801710029
150672001162501833052623603204104244605425106766109877101,3548101,782Reprinted
with permission from the International Safety Guide for Oil Tankers and Terminals (ISGOTT), 5th
edition. Courtesy OCIMF, ICS, and IAPH.Throughout the loading of a cargo tank and for a period
of at least thirty minutes after the completion of loading, metallic gauging and sampling
equipment must not be introduced or allowed to remain in the tank. Nonconducting (nonmetallic)
equipment may be used at any time; however, ropes or tapes employed with this equipment
should not be made from synthetic materials.After the relaxation period of thirty minutes has
elapsed, metallic equipment may be used; however, it must be bonded and properly earthed to
the vessel’s structure before use.DISCHARGE OF STATIC ACCUMULATOR CARGOESAt the
discharge terminal, the PIC should consult with the shore representative concerning the proper
procedure to be followed when commencing the discharge of a static accumulating cargo. In
general, the initial pumping rate ashore should be limited until a sufficient cushion is developed
in the bottom of the shore tank. This precaution is followed to minimize the splashing and
agitation of the cargo at the initial stage of filling the shore tank.Transport of Residual Fuel
OilsThe carriage of high flash point residual fuel oil has historically been viewed as a substance
that did not pose a serious flammability hazard to the vessel. Despite the fact that residual fuel
oils have a measured flashpoint well above the temperature typically maintained during
transport it has been found that the vapor concentrations in the ullage space may be near to or
within the flammable range. The reason for this can vary from either the refining source or
possible blending of various components while in storage or during loading. Compounding the
problem is the fact that under present regulation the carriage of residual fuel oils is for the most



part exempt from the requirement to inert the cargo tanks provided the vessel is not heating the
fuel oil to a temperature within 5° C of its flash point. Therefore when transporting residual fuel
oils on non inerted vessels, it is recommended that personnel monitor the vapor concentration of
the atmosphere above the cargo in the tanks. Should the growth of vapors be detected in the
atmosphere of the cargo tank(s), action should be taken before a flammable atmosphere is
created preferably by purging the tank with low pressure air to maintain the vapor concentration
of the tank at a safe level. On vessels equipped with an inert gas system it is recommended that
the IG system be operated and the cargo tanks maintained in an inert condition when
transporting residual fuel oil cargoes.ToxicityAromatic hydrocarbons: Aromatic hydrocarbons—
including benzene, toluene, and xylene—are found in varying proportions in a wide array of
petroleum cargoes such as gasoline, naphtha, and even some crude oils.The TLVs of aromatic
hydrocarbons are lower than most nonaromatic hydrocarbons. For example, the TLV of benzene,
a recognized carcinogen, is as low as 1 ppm. The latent effect of exposure to benzene vapors
can result in potentially fatal disorders of the blood. In the United States, any cargo containing
0.5 percent or more benzene by volume is classified as a “regulated cargo,” and specific rules
must be followed that address handling and occupational exposure in the workplace. The
detailed requirements can be found in the U.S. Code of Federal Regulations (Title 46 CFR Part
197 Subpart C). The person-in-charge should have a thorough understanding of the content of
this regulation, as he or she is responsible for compliance with the rules.Hydrogen sulfide: Some
crude oils, described as sour, contain a high level of hydrogen sulfide. The effects of exposure to
hydrogen sulfide gas can be both quick and deadly. For a more comprehensive discussion of the
effects of hydrogen sulfide to individuals when exposed to concentrations in excess of its
published TLV of 5 ppm, consult Chapter 15.Precautions against toxicity by inhalation:
Individuals involved in handling potentially toxic substances should avoid exposure to
concentrations above the published TLV. If exposure through inhalation is possible, suitable
respiratory protection should be worn to minimize the inhalation of harmful vapors. Certain
operations such as the venting of cargo tanks during loading, purging, and gas-freeing may
result in elevated exposure to personnel on deck. During these operations, the atmosphere exits
the cargo tanks via the vent system and dilutes with the surrounding air, increasing the risk of fire
and exposure to personnel. Individuals involved in such operations should wear proper
respiratory protection.Personnel are advised never to enter a compartment that contained cargo
—or one that has been sealed for a period of time—without first testing the atmosphere. It
should be assumed that the atmosphere of an enclosed space is incapable of supporting life
until proven otherwise. All company and industry guidelines should be followed with respect to
testing and entry into an enclosed space. Entry should only be permitted after a permit-to-enter
or a marine chemist certificate has been issued.Oxygen DeficiencyAir normally contains
approximately 21 percent oxygen by volume. Individuals exposed to concentrations below that
level are at risk of suffering from oxygen deficiency.As the oxygen level decreases below 21
percent by volume, an individual will experience a changing breathing pattern. Unfortunately,



many individuals fail to recognize the danger signs associated with an oxygen-deficient
atmosphere until it is too late. This can be particularly problematic when escape involves
climbing from the bottom of a space such as a cargo tank or pumproom. The degree of
impairment will differ among individuals based on such variables as age, physical condition, and
so forth; however, all begin to experience the adverse effects of oxygen deficiency below 16
percent by volume. The oxygen level typically maintained in the atmosphere of an inerted cargo
tank—4 percent to 8 percent oxygen by volume—will result in immediate unconsciousness of an
individual and irreversible brain damage within a short period of time.The oxygen content of any
enclosed space may be deficient for a number of reasons. Compartments in which even
seemingly harmless liquids were carried, such as freshwater and seawater ballast, can pose a
significant hazard due to a lack of oxygen. On a modern tank vessel, the most obvious cause of
oxygen deficiency is an inerted cargo tank in which the oxygen level is intentionally maintained
at or below 8 percent by volume.HAZARDS ASSOCIATED WITH INERT GASInert gas is used
on modern tank vessels to control the oxygen content within the atmosphere of the cargo
tank(s). The use of this system ensures that a nonflammable condition is maintained via oxygen
deficiency within the cargo tanks unless they are gas free. On board most petroleum tankers,
inert gas is derived either by using the flue gas from the boilers or an oil-fired generator. Before
the flue gas is piped to the tanks it is processed (cooled and cleaned) in a scrubber. Table 2-8
shows the composition of the flue gas before and after the scrubbing process.Table 2-8Content
of Flue Gas Before and After ScrubbingContentBeforeAfterNitrogen80% by
volumeSameCarbon dioxideApprox. 14%SameOxygen2–5%SameSulfur dioxideApprox.
0.3%Approx. 0.005% by volumeCarbon monoxideApprox. 0.01 % by volumeSameNitrogen
oxidesApprox. 0.02% by volumeSameWater vaporApprox. 5% by volumeApprox. 0.01% by
volumeSoot and particulate300 mg/m3 by volume30 mg/m3Heat200°–300°CNear ambient sea
temp.As indicated in table 2-8, the primary hazard associated with inert gas is its exceptionally
low oxygen content. In addition to oxygen deficiency, exposure to an inert gas derived from a
combustion process (exhaust gas) should be avoided as it contains a number of toxic
constituents including carbon monoxide, sulfur dioxide, and nitrogen oxides.The carbon
monoxide content depends on the combustion conditions. The TLV of carbon monoxide is 25
ppm. At an elevated level of exposure, the blood loses its ability to carry oxygen from the lungs
to the rest of the body, resulting in carbon monoxide poisoning. The symptoms are headache,
drowsiness, unconsciousness, and vomiting. In extreme cases, internal suffocation may occur,
followed by death. The treatment is to remove the victim to fresh air or supply oxygen and, if
necessary, apply artificial respiration.The sulfur dioxide content of the exhaust gas usually
depends on the sulfur content of the fuel oil consumed in the combustion process as well as the
efficiency of the scrubber.Cargo ReactivityReactivity hazards are associated with certain liquids
that tend to react to extremes of temperature, violent movement, and so forth, as well as to
mixing with incompatible liquids and materials. The type of reaction will depend on the stability
of the liquid and its compatibility with other liquids and materials.TANKER
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2GlossaryBibliographyIndexPreface to the Fifth EditionThe fifth edition contains a wealth of new
and updated material as well as many new photos and graphics to visually support the text. I am
also happy to announce that several new contributors have joined the ranks of the talented
group of individuals from the fourth edition to lend us their expertise in this subject. It is
particularly gratifying to be able to call on these professionals who willingly give of their time to
bring you the very latest information in the industry. Readers of TANKER OPERATIONS will note
the addition of new chapters on Chemical Tankers, by Margaret Kaigh Doyle, and Cargo
Calculation, by Kelly Curtin and Kevin Duschenchuk, each a recognized expert in the field. They
are joining the contributors from the fourth edition---Richard Beadon, Scott Bergeron and John
O’Connor, each of whom is professionally in a class of their own.The chapter review questions
have been enhanced with the addition of challenge questions which are meant to provoke
thought and additional research on the part of the reader. As noted in the preface of the fourth
edition it has never been more apparent to me that TANKER OPERATIONS is—and will always
be—a work in progress. The tanker industry continues to evolve with each passing day in vessel
design, equipment, regulation and operational procedures. The public continues to press tanker
operators to improve performance in the area of protecting the marine environment while at the
same time customers expect competitive rates and efficiencies in the transportation of these
cargoes.As previously stated, this text is primarily directed at individuals entering the workforce



in the tanker industry. However, seasoned tanker mates, barge tankermen, and many of the
shoreside staff may find the information in this edition of practical value.The rules governing the
qualifications of personnel serving on tank vessels continue to change particularly on the
international level through the IMO. In addition to obtaining practical sea experience, individuals
serving on tank vessels must complete an approved training program in cargo handling and fire
fighting. As of this writing, the IMO is moving forward with defining in a more detailed way the
topics that should be addressed and experience necessary in the qualification process toward
receiving an endorsement on the STCW certificate to serve on oil and chemical tankers. With
these requirements in mind, it seemed appropriate for the fifth edition to be revised with the goal
of becoming the standard reference for this specialized cargo training. Successful completion of
the aforementioned requirements qualifies a person to receive an endorsement on the following
documents:In the United States, the individual receives an endorsement on the Merchant
Mariner Credential (MMC) as a Tankerman Person-in-Charge (PIC) Dangerous Liquids (DL) or
Liquefied Gas (LG). Under the International Convention on Standards of Training, Certification,
and Watchkeeping for Seafarers, 1978 (STCW), as amended in 1995, an individual receives an
endorsement on the STCW certificate. This endorsement states that the person is qualified for
service on tankships carrying dangerous oils, chemicals, or gas in bulk. The following references
should be consulted for details concerning each of these endorsements: the United States Code
of Federal Regulations, Title 46 CFR Part 13, Certification of Tankermen; and the International
Maritime Organization’s STCW Convention, 1978, as amended in 1995, Annex 2, Chapter V,
“Special Training Requirements for Personnel on Tankers” (Regulation V/1).There are many
individuals I would like to acknowledge for their assistance with this revision. First and foremost,
I am eternally grateful to my wife Jody and family for their patience and support in this project
and the endless task of trying to stay abreast of this constantly changing industry. This text
would not be possible without the support of the following individuals that have exhibited
patience above and beyond the call of duty with my constant requests for photos, drawings and
information. In particular, I would like to thank Capt. George McShea, Karen Davis, and Andrew
Smith of Polar Tankers, John O’Connor of International Marine Consultants, Knut Kaupang with
AIR PRODUCTS AS, Mike Newton of Herbert Engineering Software Solutions, Chris Deschenes
and Mike Blunt of OSG, Don Sherwood, John Quagliano, Mark Homeyer, Capt. Vic Goldberg,
Stacy DeLoach, Kevin Schroeder and Larry Miles of Crowley Petroleum Services. I also wish to
thank my colleagues at the U.S. Merchant Marine Academy: Captain George Edenfield, Captain
John Hanus, Captain Douglas A. Hard, Captain Tim Tisch, Cdr. Rob Smith (USCG), Paul Zerafa,
and Brian Holden. Finally, I would like to thank the following individuals and organizations for
providing information and many of the illustrations:Air Products AS; Alaska Tanker Company;
American Petroleum Institute; American Waterway Operators; Atlantic Richfield Company;
Avondale Shipyard; Mary Jen Beach; Ian-Conrad Bergan, Inc.; Bethlehem Steel Corporation; BP
Pipelines (Alaska) Inc.; British Petroleum Company, Ltd.; Butterworth Systems, Inc; Calhoon
MEBA Engineering School; California Maritime Academy; Chevron Shipping Company; Clement



Engineering Services; College of Nautical Studies; Coppus Engineering Corporation; Crowley
Petroleum Services; Design Assistance Corporation DAC; Dixon Valve and Coupling Co.;
Environmental Protection Agency; Dresser Inc; Exxon/Mobil Corporation; Thomas J. Felleisen;
Bill Finhandler; Foster Wheeler Boiler Corporation; Gamlen Chemical Company; General
Dynamics Corporation; Keith Gill; Global Maritime and Transportation School; Gulf Oil
Corporation; Eric Halbeck; Brian Hall; Hamworthy Moss AS; Haywood Manufacturing Company;
Herbert Engineering Software; Howden Engineering; Lynn Huber; Hudson Engineering
Company; IMO Industries, Inc., Gems Sensors Division; Ingersoll Dresser Pump; International
Association of Classification Societies; International Association of Independent Tanker Owners
(INTERTANKO); International Association of Ports and Harbors (IAPH); International Chamber
of Shipping (ICS); International Marine Consultants; International Maritime Organization (IMO);
International Paint; International Tanker Owners Pollution Federation; Keystone Shipping
Company; Keystone Valve Division of Keystone International, Inc.; Lee Kincaid; Kockumation
AB; Laurin Maritime; Brian Law; Library of Congress Photo Duplication Service; Kimberly
Lorenzo; Louisiana Offshore Oil Port (LOOP); Eric Ma; Maine Maritime Academy; Marine Log;
Maritime Institute of Technology and Graduate Studies; Captain John Mazza; MEDAL/Air
Liquide Advanced Technologies; Metritape, Inc.; Steven Miller; Mine Safety Appliances
Company; MMC International Corporation; Frank Mohn AS (FRAMO); Ron Monel; National
Academy Press and the National Academy of Sciences; National Audubon Society; National
Fire Protection Association; National Geographic Society; National Maritime Union of America;
National Research Council; National Steel and Shipbuilding Company; National Transportation
Safety Board; Nautical Institute; Newport News Shipbuilding; John O’Connor; Oil Companies
International Marine Forum (OCIMF); OSG America; Penn-Attransco Corporation; Permea
Maritime Protection; Phillips Petroleum Company; Polar Tankers; George Rozanovich; Saab
Electronics; Saab-Scania, Aerospace Division; Sailors Union of the Pacific; Salen & Wicander
AB; Salwico, Inc.; San Francisco Maritime Museum; E.W. Saybolt & Company, Inc.; Ed Schultz;
Seafarers International Union; Seamen’s Church Institute; SeaRiver Maritime; Servomex (U.K.),
Ltd.; Shell International Petroleum and Shell Oil Company (U.S.A.); Shipbuilders Council of
America; Skarpenord Data Systems AS; Southern Oregon State College; Sperry Marine
Systems; Stacey Valve Co., Inc.; Star Enterprise; State University of New York Maritime College;
Stolt Nielsen Transportation Company; Sun Shipbuilding and Dry Dock Company; Texaco, Inc.;
Tosco; Transamerica Delaval, Inc.; TS Tanksystem SA; Underwriters Laboratories, Inc.; U.S.
Coast Guard; U.S. Department of Transportation; U.S. Hose Corporation; U.S. Maritime
Administration; U.S. Salvage Association; Valve Manufacturers Association; Viatran Corporation;
Vitronics, Inc.; Rosalie Vitale; West Coast Ship Chandlers, Inc.; Terra White; Jeff Williams;
William E. Williams Valve Corp.; Wilson Walton International; Worthington Pumps.An earlier
edition of Tanker Operations offered these words of advice to the reader: “You can’t learn tankers
from a book; don’t try to do so. Ships are designed and equipped differently, and no two are
exactly alike. In the end, there is no substitute for seeing the actual equipment and operating it



yourself.” As a follow-up to that thought, I would add that no text on this subject can adequately
address every vessel design, piece of equipment, or procedure. Ultimately, a thorough working
knowledge of the particular cargo and ballast system on your vessel is the best defense against
potential mishaps. Remember, the specialized training and practical experience gained as an
apprentice on tankers is just the beginning of a lifetime of learning.M. E. HuberPreface to the
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improve performance in the area of protecting the marine environment while at the same time
customers expect competitive rates and efficiencies in the transportation of these cargoes.As
previously stated, this text is primarily directed at individuals entering the workforce in the tanker
industry. However, seasoned tanker mates, barge tankermen, and many of the shoreside staff
may find the information in this edition of practical value.The rules governing the qualifications of
personnel serving on tank vessels continue to change particularly on the international level
through the IMO. In addition to obtaining practical sea experience, individuals serving on tank
vessels must complete an approved training program in cargo handling and fire fighting. As of
this writing, the IMO is moving forward with defining in a more detailed way the topics that
should be addressed and experience necessary in the qualification process toward receiving an
endorsement on the STCW certificate to serve on oil and chemical tankers. With these
requirements in mind, it seemed appropriate for the fifth edition to be revised with the goal of
becoming the standard reference for this specialized cargo training. Successful completion of
the aforementioned requirements qualifies a person to receive an endorsement on the following
documents:In the United States, the individual receives an endorsement on the Merchant
Mariner Credential (MMC) as a Tankerman Person-in-Charge (PIC) Dangerous Liquids (DL) or
Liquefied Gas (LG). Under the International Convention on Standards of Training, Certification,
and Watchkeeping for Seafarers, 1978 (STCW), as amended in 1995, an individual receives an
endorsement on the STCW certificate. This endorsement states that the person is qualified for



service on tankships carrying dangerous oils, chemicals, or gas in bulk. The following references
should be consulted for details concerning each of these endorsements: the United States Code
of Federal Regulations, Title 46 CFR Part 13, Certification of Tankermen; and the International
Maritime Organization’s STCW Convention, 1978, as amended in 1995, Annex 2, Chapter V,
“Special Training Requirements for Personnel on Tankers” (Regulation V/1).There are many
individuals I would like to acknowledge for their assistance with this revision. First and foremost,
I am eternally grateful to my wife Jody and family for their patience and support in this project
and the endless task of trying to stay abreast of this constantly changing industry. This text
would not be possible without the support of the following individuals that have exhibited
patience above and beyond the call of duty with my constant requests for photos, drawings and
information. In particular, I would like to thank Capt. George McShea, Karen Davis, and Andrew
Smith of Polar Tankers, John O’Connor of International Marine Consultants, Knut Kaupang with
AIR PRODUCTS AS, Mike Newton of Herbert Engineering Software Solutions, Chris Deschenes
and Mike Blunt of OSG, Don Sherwood, John Quagliano, Mark Homeyer, Capt. Vic Goldberg,
Stacy DeLoach, Kevin Schroeder and Larry Miles of Crowley Petroleum Services. I also wish to
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and Brian Holden. Finally, I would like to thank the following individuals and organizations for
providing information and many of the illustrations:Air Products AS; Alaska Tanker Company;
American Petroleum Institute; American Waterway Operators; Atlantic Richfield Company;
Avondale Shipyard; Mary Jen Beach; Ian-Conrad Bergan, Inc.; Bethlehem Steel Corporation; BP
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Company; IMO Industries, Inc., Gems Sensors Division; Ingersoll Dresser Pump; International
Association of Classification Societies; International Association of Independent Tanker Owners
(INTERTANKO); International Association of Ports and Harbors (IAPH); International Chamber
of Shipping (ICS); International Marine Consultants; International Maritime Organization (IMO);
International Paint; International Tanker Owners Pollution Federation; Keystone Shipping
Company; Keystone Valve Division of Keystone International, Inc.; Lee Kincaid; Kockumation
AB; Laurin Maritime; Brian Law; Library of Congress Photo Duplication Service; Kimberly
Lorenzo; Louisiana Offshore Oil Port (LOOP); Eric Ma; Maine Maritime Academy; Marine Log;
Maritime Institute of Technology and Graduate Studies; Captain John Mazza; MEDAL/Air



Liquide Advanced Technologies; Metritape, Inc.; Steven Miller; Mine Safety Appliances
Company; MMC International Corporation; Frank Mohn AS (FRAMO); Ron Monel; National
Academy Press and the National Academy of Sciences; National Audubon Society; National
Fire Protection Association; National Geographic Society; National Maritime Union of America;
National Research Council; National Steel and Shipbuilding Company; National Transportation
Safety Board; Nautical Institute; Newport News Shipbuilding; John O’Connor; Oil Companies
International Marine Forum (OCIMF); OSG America; Penn-Attransco Corporation; Permea
Maritime Protection; Phillips Petroleum Company; Polar Tankers; George Rozanovich; Saab
Electronics; Saab-Scania, Aerospace Division; Sailors Union of the Pacific; Salen & Wicander
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edition of Tanker Operations offered these words of advice to the reader: “You can’t learn tankers
from a book; don’t try to do so. Ships are designed and equipped differently, and no two are
exactly alike. In the end, there is no substitute for seeing the actual equipment and operating it
yourself.” As a follow-up to that thought, I would add that no text on this subject can adequately
address every vessel design, piece of equipment, or procedure. Ultimately, a thorough working
knowledge of the particular cargo and ballast system on your vessel is the best defense against
potential mishaps. Remember, the specialized training and practical experience gained as an
apprentice on tankers is just the beginning of a lifetime of learning.M. E. HuberPreface to the
Fifth EditionThe fifth edition contains a wealth of new and updated material as well as many new
photos and graphics to visually support the text. I am also happy to announce that several new
contributors have joined the ranks of the talented group of individuals from the fourth edition to
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professionals who willingly give of their time to bring you the very latest information in the
industry. Readers of TANKER OPERATIONS will note the addition of new chapters on Chemical
Tankers, by Margaret Kaigh Doyle, and Cargo Calculation, by Kelly Curtin and Kevin
Duschenchuk, each a recognized expert in the field. They are joining the contributors from the
fourth edition---Richard Beadon, Scott Bergeron and John O’Connor, each of whom is
professionally in a class of their own.The chapter review questions have been enhanced with the
addition of challenge questions which are meant to provoke thought and additional research on



the part of the reader. As noted in the preface of the fourth edition it has never been more
apparent to me that TANKER OPERATIONS is—and will always be—a work in progress. The
tanker industry continues to evolve with each passing day in vessel design, equipment,
regulation and operational procedures. The public continues to press tanker operators to
improve performance in the area of protecting the marine environment while at the same time
customers expect competitive rates and efficiencies in the transportation of these cargoes.As
previously stated, this text is primarily directed at individuals entering the workforce in the tanker
industry. However, seasoned tanker mates, barge tankermen, and many of the shoreside staff
may find the information in this edition of practical value.The rules governing the qualifications of
personnel serving on tank vessels continue to change particularly on the international level
through the IMO. In addition to obtaining practical sea experience, individuals serving on tank
vessels must complete an approved training program in cargo handling and fire fighting. As of
this writing, the IMO is moving forward with defining in a more detailed way the topics that
should be addressed and experience necessary in the qualification process toward receiving an
endorsement on the STCW certificate to serve on oil and chemical tankers. With these
requirements in mind, it seemed appropriate for the fifth edition to be revised with the goal of
becoming the standard reference for this specialized cargo training. Successful completion of
the aforementioned requirements qualifies a person to receive an endorsement on the following
documents:In the United States, the individual receives an endorsement on the Merchant
Mariner Credential (MMC) as a Tankerman Person-in-Charge (PIC) Dangerous Liquids (DL) or
Liquefied Gas (LG). Under the International Convention on Standards of Training, Certification,
and Watchkeeping for Seafarers, 1978 (STCW), as amended in 1995, an individual receives an
endorsement on the STCW certificate. This endorsement states that the person is qualified for
service on tankships carrying dangerous oils, chemicals, or gas in bulk. The following references
should be consulted for details concerning each of these endorsements: the United States Code
of Federal Regulations, Title 46 CFR Part 13, Certification of Tankermen; and the International
Maritime Organization’s STCW Convention, 1978, as amended in 1995, Annex 2, Chapter V,
“Special Training Requirements for Personnel on Tankers” (Regulation V/1).There are many
individuals I would like to acknowledge for their assistance with this revision. First and foremost,
I am eternally grateful to my wife Jody and family for their patience and support in this project
and the endless task of trying to stay abreast of this constantly changing industry. This text
would not be possible without the support of the following individuals that have exhibited
patience above and beyond the call of duty with my constant requests for photos, drawings and
information. In particular, I would like to thank Capt. George McShea, Karen Davis, and Andrew
Smith of Polar Tankers, John O’Connor of International Marine Consultants, Knut Kaupang with
AIR PRODUCTS AS, Mike Newton of Herbert Engineering Software Solutions, Chris Deschenes
and Mike Blunt of OSG, Don Sherwood, John Quagliano, Mark Homeyer, Capt. Vic Goldberg,
Stacy DeLoach, Kevin Schroeder and Larry Miles of Crowley Petroleum Services. I also wish to
thank my colleagues at the U.S. Merchant Marine Academy: Captain George Edenfield, Captain
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Ltd.; Shell International Petroleum and Shell Oil Company (U.S.A.); Shipbuilders Council of
America; Skarpenord Data Systems AS; Southern Oregon State College; Sperry Marine
Systems; Stacey Valve Co., Inc.; Star Enterprise; State University of New York Maritime College;
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Coast Guard; U.S. Department of Transportation; U.S. Hose Corporation; U.S. Maritime
Administration; U.S. Salvage Association; Valve Manufacturers Association; Viatran Corporation;
Vitronics, Inc.; Rosalie Vitale; West Coast Ship Chandlers, Inc.; Terra White; Jeff Williams;
William E. Williams Valve Corp.; Wilson Walton International; Worthington Pumps.An earlier
edition of Tanker Operations offered these words of advice to the reader: “You can’t learn tankers
from a book; don’t try to do so. Ships are designed and equipped differently, and no two are
exactly alike. In the end, there is no substitute for seeing the actual equipment and operating it
yourself.” As a follow-up to that thought, I would add that no text on this subject can adequately
address every vessel design, piece of equipment, or procedure. Ultimately, a thorough working
knowledge of the particular cargo and ballast system on your vessel is the best defense against
potential mishaps. Remember, the specialized training and practical experience gained as an
apprentice on tankers is just the beginning of a lifetime of learning.M. E. HuberPreface to the
First EditionAnumber of years ago, when I was beginning my career on oil tankers, I often felt the
lack of a simple, straightforward handbook on the basic problems of tanker operations. Hence,
this book. Tanker Operations: A Handbook for the Ship’s Officer is directed primarily toward the
newcomer to tankers; specifically, the new officer. Generally speaking, it is not a step-by-step
manual covering every possible situation. Instead, it is intended as:1. An introductory guide
designed to make the new officer’s adjustment to tanker life smoother, less perilous.2. A source
of useful information for the more experienced officer.3. A reference book for other individuals
interested in the operation of oil tankers, particularly those aspiring to the rating of tankerman.I
should point out, however, that tankers cannot be learned entirely from a book. The tankerman’s
job is too complex and, in many ways, intuitive. Moreover, each tanker is unique and must be
learned individually.Fortunately, the learning process is not an entirely lonely task. Shipmates—
pumpmen, fellow officers, sailors—have knowledge to share, and some make excellent
teachers. In the end, however, the way to learn a tanker is to put on a boiler suit and, flashlight in
hand, explore every corner of the vessel, learning pumproom, piping systems, valves. This is a
tedious, sometimes exhausting process, but it must be done. An officer unwilling to make this
effort should forget about a career, even a brief one, on tankers.Some tankers, old and rusty, are
relics of a bygone era. Others are so futuristic, so thoroughly automated, that their crewmembers
feel more like astronauts than tankermen. And, in all likelihood, the future tankerman will need
the training and temperament of an astronaut.Regardless of age or equipment, however, all
tankers perform the same basic task—they carry oil. Their voyages span the globe, from the
blazing deserts of Saudi Arabia to the frozen shores of the Arctic. Through it all, tankermen are
accompanied by the pungent smells of crude oil and gasoline, by loneliness, tension,
exhaustion . . . and the satisfaction of doing a job well. No individual can adequately describe this
unique way of life. It must be experienced firsthand.I would like to take this opportunity to thank
the many individuals and organizations who were kind enough to help me in this effort. Some
showed remarkable patience with my repeated requests for information, research materials, and
illustrations.Special thanks to: The American Bureau of Shipping; American Cast Iron Pipe



Company; American Institute of Marine Underwriters; American Institute of Merchant Shipping;
American Petroleum Institute; the Ansul Company; Apex Marine Corporation; Atlantic Richfield
Company; the Scott Aviation Division of ATO, Inc.; Mrs. Gerry Bayless; Bethlehem Steel
Corporation; Bingham-Willamette Company; British Petroleum Company, Ltd.; Henry Browne &
Son, Ltd.; Butterworth Systems, Inc.; Chevron Shipping Company; Coppus Engineering
Corporation; Exxon Corporation and Exxon Company (U.S.A.); FMC Corporation; Mr. Steve
Faulkner; Mr. Bill Finhandler; Gamlen Chemical Company; General Dynamics Corporation;
General Fire Extinguisher Corporation; Mr. R.W. Gorman; Gulf Oil Corporation; Mr. Arthur Handt;
Hendy International Company; the Penco Division of the Hudson Engineering Company; Mr.
John Hunter; Huntington Alloys, Inc.; the Keystone Valve Division of Keystone International, Inc.;
Kockums Automation AB; Mr. Gene D. Legler; the Harry Lundeberg School; Mine Safety
Appliances Company; Mr. C. Bradford Mitchell; National Audubon Society; National Foam
System, Inc.; National Maritime Union of America; National Steel and Shipbuilding Company;
Miss Maureen Ott; the Ralph M. Parsons Company; Paul-Munroe Hydraulics, Inc.; Mrs. Pia
Philipp; Phillips Petroleum Company; Sailors’ Union of the Pacific; Salen & Wicander AB; San
Francisco Maritime Museum; E.W. Saybolt & Company, Inc.; Mr. W.F. Schill;Seafarers
International Union; Shell International Petroleum and Shell Oil Company (U.S.A.); Shipbuilders
Council of America; Sperry Marine Systems; Sun Shipbuilding and Dry Dock Company; Mr. Bob
Sutherland; Underwriters Laboratories, Inc.; United States Coast Guard; United States Maritime
Administration; U.S. Salvage Association; Valve Manufacturers Association; West Coast Ship
Chandlers, Inc.; Worthington Pump Corporation.G. S. MARTONG. S. Marton graduated from the
California Maritime Academy in 1969. During his seagoing career, he served on all types of
merchant ships, including tankers of all types and sizes.Preface to the First EditionAnumber of
years ago, when I was beginning my career on oil tankers, I often felt the lack of a simple,
straightforward handbook on the basic problems of tanker operations. Hence, this book. Tanker
Operations: A Handbook for the Ship’s Officer is directed primarily toward the newcomer to
tankers; specifically, the new officer. Generally speaking, it is not a step-by-step manual covering
every possible situation. Instead, it is intended as:1. An introductory guide designed to make the
new officer’s adjustment to tanker life smoother, less perilous.2. A source of useful information
for the more experienced officer.3. A reference book for other individuals interested in the
operation of oil tankers, particularly those aspiring to the rating of tankerman.I should point out,
however, that tankers cannot be learned entirely from a book. The tankerman’s job is too
complex and, in many ways, intuitive. Moreover, each tanker is unique and must be learned
individually.Fortunately, the learning process is not an entirely lonely task. Shipmates—
pumpmen, fellow officers, sailors—have knowledge to share, and some make excellent
teachers. In the end, however, the way to learn a tanker is to put on a boiler suit and, flashlight in
hand, explore every corner of the vessel, learning pumproom, piping systems, valves. This is a
tedious, sometimes exhausting process, but it must be done. An officer unwilling to make this
effort should forget about a career, even a brief one, on tankers.Some tankers, old and rusty, are



relics of a bygone era. Others are so futuristic, so thoroughly automated, that their crewmembers
feel more like astronauts than tankermen. And, in all likelihood, the future tankerman will need
the training and temperament of an astronaut.Regardless of age or equipment, however, all
tankers perform the same basic task—they carry oil. Their voyages span the globe, from the
blazing deserts of Saudi Arabia to the frozen shores of the Arctic. Through it all, tankermen are
accompanied by the pungent smells of crude oil and gasoline, by loneliness, tension,
exhaustion . . . and the satisfaction of doing a job well. No individual can adequately describe this
unique way of life. It must be experienced firsthand.I would like to take this opportunity to thank
the many individuals and organizations who were kind enough to help me in this effort. Some
showed remarkable patience with my repeated requests for information, research materials, and
illustrations.Special thanks to: The American Bureau of Shipping; American Cast Iron Pipe
Company; American Institute of Marine Underwriters; American Institute of Merchant Shipping;
American Petroleum Institute; the Ansul Company; Apex Marine Corporation; Atlantic Richfield
Company; the Scott Aviation Division of ATO, Inc.; Mrs. Gerry Bayless; Bethlehem Steel
Corporation; Bingham-Willamette Company; British Petroleum Company, Ltd.; Henry Browne &
Son, Ltd.; Butterworth Systems, Inc.; Chevron Shipping Company; Coppus Engineering
Corporation; Exxon Corporation and Exxon Company (U.S.A.); FMC Corporation; Mr. Steve
Faulkner; Mr. Bill Finhandler; Gamlen Chemical Company; General Dynamics Corporation;
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John Hunter; Huntington Alloys, Inc.; the Keystone Valve Division of Keystone International, Inc.;
Kockums Automation AB; Mr. Gene D. Legler; the Harry Lundeberg School; Mine Safety
Appliances Company; Mr. C. Bradford Mitchell; National Audubon Society; National Foam
System, Inc.; National Maritime Union of America; National Steel and Shipbuilding Company;
Miss Maureen Ott; the Ralph M. Parsons Company; Paul-Munroe Hydraulics, Inc.; Mrs. Pia
Philipp; Phillips Petroleum Company; Sailors’ Union of the Pacific; Salen & Wicander AB; San
Francisco Maritime Museum; E.W. Saybolt & Company, Inc.; Mr. W.F. Schill;Seafarers
International Union; Shell International Petroleum and Shell Oil Company (U.S.A.); Shipbuilders
Council of America; Sperry Marine Systems; Sun Shipbuilding and Dry Dock Company; Mr. Bob
Sutherland; Underwriters Laboratories, Inc.; United States Coast Guard; United States Maritime
Administration; U.S. Salvage Association; Valve Manufacturers Association; West Coast Ship
Chandlers, Inc.; Worthington Pump Corporation.G. S. MARTONG. S. Marton graduated from the
California Maritime Academy in 1969. During his seagoing career, he served on all types of
merchant ships, including tankers of all types and sizes.Preface to the First EditionAnumber of
years ago, when I was beginning my career on oil tankers, I often felt the lack of a simple,
straightforward handbook on the basic problems of tanker operations. Hence, this book. Tanker
Operations: A Handbook for the Ship’s Officer is directed primarily toward the newcomer to
tankers; specifically, the new officer. Generally speaking, it is not a step-by-step manual covering
every possible situation. Instead, it is intended as:1. An introductory guide designed to make the



new officer’s adjustment to tanker life smoother, less perilous.2. A source of useful information
for the more experienced officer.3. A reference book for other individuals interested in the
operation of oil tankers, particularly those aspiring to the rating of tankerman.I should point out,
however, that tankers cannot be learned entirely from a book. The tankerman’s job is too
complex and, in many ways, intuitive. Moreover, each tanker is unique and must be learned
individually.Fortunately, the learning process is not an entirely lonely task. Shipmates—
pumpmen, fellow officers, sailors—have knowledge to share, and some make excellent
teachers. In the end, however, the way to learn a tanker is to put on a boiler suit and, flashlight in
hand, explore every corner of the vessel, learning pumproom, piping systems, valves. This is a
tedious, sometimes exhausting process, but it must be done. An officer unwilling to make this
effort should forget about a career, even a brief one, on tankers.Some tankers, old and rusty, are
relics of a bygone era. Others are so futuristic, so thoroughly automated, that their crewmembers
feel more like astronauts than tankermen. And, in all likelihood, the future tankerman will need
the training and temperament of an astronaut.Regardless of age or equipment, however, all
tankers perform the same basic task—they carry oil. Their voyages span the globe, from the
blazing deserts of Saudi Arabia to the frozen shores of the Arctic. Through it all, tankermen are
accompanied by the pungent smells of crude oil and gasoline, by loneliness, tension,
exhaustion . . . and the satisfaction of doing a job well. No individual can adequately describe this
unique way of life. It must be experienced firsthand.I would like to take this opportunity to thank
the many individuals and organizations who were kind enough to help me in this effort. Some
showed remarkable patience with my repeated requests for information, research materials, and
illustrations.Special thanks to: The American Bureau of Shipping; American Cast Iron Pipe
Company; American Institute of Marine Underwriters; American Institute of Merchant Shipping;
American Petroleum Institute; the Ansul Company; Apex Marine Corporation; Atlantic Richfield
Company; the Scott Aviation Division of ATO, Inc.; Mrs. Gerry Bayless; Bethlehem Steel
Corporation; Bingham-Willamette Company; British Petroleum Company, Ltd.; Henry Browne &
Son, Ltd.; Butterworth Systems, Inc.; Chevron Shipping Company; Coppus Engineering
Corporation; Exxon Corporation and Exxon Company (U.S.A.); FMC Corporation; Mr. Steve
Faulkner; Mr. Bill Finhandler; Gamlen Chemical Company; General Dynamics Corporation;
General Fire Extinguisher Corporation; Mr. R.W. Gorman; Gulf Oil Corporation; Mr. Arthur Handt;
Hendy International Company; the Penco Division of the Hudson Engineering Company; Mr.
John Hunter; Huntington Alloys, Inc.; the Keystone Valve Division of Keystone International, Inc.;
Kockums Automation AB; Mr. Gene D. Legler; the Harry Lundeberg School; Mine Safety
Appliances Company; Mr. C. Bradford Mitchell; National Audubon Society; National Foam
System, Inc.; National Maritime Union of America; National Steel and Shipbuilding Company;
Miss Maureen Ott; the Ralph M. Parsons Company; Paul-Munroe Hydraulics, Inc.; Mrs. Pia
Philipp; Phillips Petroleum Company; Sailors’ Union of the Pacific; Salen & Wicander AB; San
Francisco Maritime Museum; E.W. Saybolt & Company, Inc.; Mr. W.F. Schill;Seafarers
International Union; Shell International Petroleum and Shell Oil Company (U.S.A.); Shipbuilders



Council of America; Sperry Marine Systems; Sun Shipbuilding and Dry Dock Company; Mr. Bob
Sutherland; Underwriters Laboratories, Inc.; United States Coast Guard; United States Maritime
Administration; U.S. Salvage Association; Valve Manufacturers Association; West Coast Ship
Chandlers, Inc.; Worthington Pump Corporation.G. S. MARTONG. S. Marton graduated from the
California Maritime Academy in 1969. During his seagoing career, he served on all types of
merchant ships, including tankers of all types and sizes.CHAPTER 1Tank Vessel Design and
ClassificationThe first tanker appeared over a century ago, and since that time the movement of
liquid cargoes by tank vessel has evolved into one of the most efficient global modes of
transportation. Seagoing tankers represent some of the largest and most technologically
advanced man made vehicles that ply the oceans of the world. Modern refinements in the
design of these vessels have resulted in the development of a versatile carrier capable of
transporting a wide array of bulk liquid cargoes. Today, tank vessels (both ships and barges) are
responsible for the movement of tremendous volumes of liquid cargoes. This chapter focuses
primarily on vessels that are designed to carry cargoes classified as “dangerous liquids,” which
encompasses both oils and chemicals in bulk.The following definitions are provided to eliminate
confusion about the types of vessels described in the text. The United States Coast Guard
(USCG) defines a tank vessel as “a vessel that is constructed or adapted primarily to carry, or
that carries, oil or hazardous material in bulk as cargo or cargo residue.” The USCG further
categorizes a tank vessel as a tank ship (if it is self-propelled) or a tank barge (if it has no means
of propulsion). Throughout the text, efforts have been made to use the term “tank vessel” if the
topic applies to both ships and barges.OIL TANKERAs we move into a new era of tanker design
a retrospective look at how we got where we are today is in order. The earliest design of tank
vessel involved construction with a single hull. Figure 1-1 shows a cross section of a traditional
single-hull design.In the early part of the twentieth century, the shift toward longitudinal
construction resulted in a unique subdivision of the cargo tank area. As seen in Figure 1-1, the
use of twin longitudinal bulkheads created a three-tank configuration athwartships in the vessel:
a center tank flanked by a set of wing tanks. A series of oil-tight, transverse bulkheads
completed the subdivision of the cargo area, as required, creating the total number of tanks
necessary for the particular trade of the vessel. This method of construction was well suited for
the transportation of bulk liquid cargoes; resulting in a structure that was inherently stable. This
design was credited with virtually eliminating the free surface problems experienced in earlier
tanker designs.Figure 1-1. Cross-sectional view of a single-hull tanker. The complex internal
structure of the tanks made cargo stripping and tank cleaning operations more difficult. Courtesy
National Transportation Safety Board.Figure 1-1a. Courtesy Kevin DuschenchukFree surface is
an effect created when liquids move about in an unrestricted fashion within a compartment such
as a cargo or ballast tank. The resultant shift of weight has an adverse impact on the stability of
the vessel, so every effort is made to minimize shifting. Typical methods of reducing the free
surface effect include keeping the number of slack cargo and ballast tanks to a minimum,
constructing smaller compartments (subdivisions), and utilizing partial bulkheads (swash plates



or swash bulkheads). The success of the single-hull design is evidenced by the fact that it had
withstood the test of time and deadweight (dwt) tonnage. Single-hull construction predominated
until the late 1960s when political and environmental pressures drove the tanker industry to seek
other methods of construction. By the 1970s a number of owners had shifted to double-bottom
construction (Figure 1-2) to meet the new segregated-ballast requirements.Figure 1-2. Profile
view of a double-bottom tanker. The double-bottom space serves as the segregated-ballast
capacity for the vessel. Copyright © International Maritime Organization (IMO), London.The
grounding of the single hull Exxon Valdez in 1989 prompted domestic and international
requirements calling for newly constructed oil tankers to be fitted with a double hull. Double-hull
tankers had been successfully operated for a number of years, hence this design took center
stage as the most likely response to the public’s outcry for heightened protection of the marine
environment. The use of two pieces of steel (inner and outer hulls) to separate the cargo area
from the sea is expected to minimize oil outflow from the majority of tanker casualties—
grounding, collision, or minor shell damage—that involve a breach of the hull. The construction
scenes of the Pelican State at the NASSCO yard (Figure 1-3) clearly illustrate the protection
afforded the cargo tanks within the double hull.The Oil Pollution Act of 1990 called for new
tankers contracted after June 30, 1990, to be constructed with a double hull. The U.S.
construction requirements are contained in Title 33 CFR Part 157.10d, which specifies minimum
spacing between the hulls as follows:For vessels of 5,000 dwt and above—Double sides (W)W
= 0.5 + dwt/20,000 or 2 meters the lesser and in no case less than 1 meterDouble bottom (H)H
= Breadth/15 or 2 meters the lesser and in no case less than 1 meterFigure 1-3. Double Hull
tanker under construction. Courtesy George Edenfield.For vessels of less than 5,000 dwt—
Double sides (W)W = 0.4 + (2.4) (dwt/20,000) in meters, but in no case less than 0.76
meterDouble bottom (H)H = Breadth/15 in meters, but in no case less than 0.76 meterFigure 1-4
shows the double-hull tanker American Progress.DOUBLE HULLSThe requirement for new oil
tankers to be constructed with a double hull grew out of a provision in the Oil Pollution Act of
1990 (OPA ’90) however the International Maritime Organization (IMO) adopted similar
mandates in 1992. Internationally, the double hull requirement appeared as an amendment to
Annex I of MARPOL 73/78 contained in regulation 13F (new regulation 19 in the latest revision
that entered into force on 1 January 2007). Further to the change in design for new tankers came
the mandatory phase out/conversion of existing single hull tank vessels both under OPA ’90 and
Annex I MARPOL 73/78 regulation 13G (new regulation 20 under the latest revision that entered
into force on 1 January 2007). The mandatory phase out of the existing single hull fleet
continues until 2010 and for existing double bottom tankers the phase out runs to 2015. Since
the inception of these design changes in the early 1990’s a number of marine casualties
involving single hull tankers led to calls for the acceleration of the phase out of these vessels.
Incidents such as the break up of the ERIKA off the coast of France in 1999, the PRESTIGE off
the coast of Spain in 2002 and most recently the holing of the HEBEI SPIRIT off South Korea
exemplify the influence such events have in spurring legislative bodies to action.Industry experts



have long debated the effectiveness of the double hull design in high energy groundings and
collisions with the potential for significant loss of cargo and resulting environmental impact
(Figure 1-4a).Consequently, the United States Congress and International Maritime
Organization (IMO) left the door open to alternative designs and control technologies that
offered equivalent or better protection of the marine environment than the double hull. The
stakeholders in the transportation industry engaged in a study of these alternatives and in 1993
the United States Coast Guard reaffirmed the double hull design as the only method of
construction for new tankers that should be permitted in U.S. waters. This conclusion created
international controversy as the IMO embraced two alternative concepts to the double hull
namely the mid-deck design and the Coulombi egg design.Figure 1-4a. Collision and resulting
oil spill involving a double hull tanker. Courtesy USCG.Figure 1-4. The general arrangement
drawing for the double-hull tanker American Progress. Courtesy Mobil Shipping and
Transportation Company.EXPERIENCE TO DATE WITH DOUBLE HULLSThe most common
cargo and ballast tank arrangements in the double hull tankers seen to date are illustrated in
Figures 1-4b, 1-4c, and 1-4d. As of this writing, the world tanker fleet is comprised of
approximately 3600 tankers of which roughly 2600 are double-hulled.Figure 1-4b. Double hull
arrangements. Courtesy International Association of Classification Societies (IACS).Figure 1-4c.
Double hull tanker 150,000 DWT or less.Figure 1-4d. Double hull tanker 150,000 DWT and
greater.As the percentage of double hull vessels operating worldwide has increased, operators
have gained greater insight into the various concerns associated with this method of
construction such as:1. Overall quality of construction2. Accelerated corrosion rates3. High
stress areas leading to fatigue cracks particularly in the inner bottom4. Proper application and
longevity of ballast tank coatings5. The need for ongoing inspection and maintenance of ballast
tank coatings6. The need to coat designated “storm” ballast (cargo) tanks7. The need for
(hydrocarbon) gas detection in the ballast, pumproom and void spaces8. Safety concerns
associated with ventilation and access for inspection of the double hull9. The ability to inert the
empty ballast space between the hulls10. Fire safety risks related to empty ballast spaces (air)
surrounding cargo tanks11. Increased construction and maintenance costs12. Loss of intact
stability due to free surface problems on certain double hull designs13. Damaged stability
concerns related to raking damage during a grounding incidentWithout a doubt, the structural
complexity of the space between the hulls is expected to pose significant challenges to
operators over the lifetime of these vessels.MID-DECK DESIGNThe mid-deck design is an
alternative approach to the double hull in which an intermediate oil tight deck essentially creates
an upper and lower cargo tank (Figure 1-5).The basis of this design is a simple concept that
involves placing an oiltight ‘tween deck at about mid-height in the vessel, which results in the
lower tank being located substantially below the waterline of the vessel when fully loaded. In the
event of a breach of the bottom tank the outflow of cargo is minimal based on the fact that the
external seawater pressure on the hull exceeds the head pressure of the cargo in the lower tank.
Therefore, water would enter (press up) the lower cargo tank as opposed to cargo gravitating out



the bottom of the vessel to the sea. Additionally, the wider double sides in this design resemble
traditional wing tanks potentially providing better protection of the marine environment from side
damage to the vessel. Model testing performed by a number of engineering groups worldwide
confirmed the viability of this design in minimizing oil outflow from major damage to the hull.
These findings ultimately led to the acceptance of the mid- deck design by the international
maritime community. In the United States, the Coast Guard cited inexperience with the mid-deck
concept as one of the reasons for not recommending it as an alternative to the double
hull.Another design closely related to the mid-deck is the Coulombi Egg, shown in Figure 1-6.
After several years of evaluation, IMO has also accepted this design as affording a measure of
protection of the marine environment equivalent to that of the double hull. As in the case of the
mid-deck design, however, the United States opposes the idea of equivalence and will not
permit either design into U.S. waters. At this point, the controversy appears to be over as
evidenced by the worldwide acceptance of double hull construction as the standard for the next
generation of tanker.Figure 1-5. The mid-deck design shown here uses hydrostatic pressure to
minimize oil outflow in the event that the cargo tanks are breached. Courtesy Marine Log.Figure
1-6. The Coulombi Egg design.PARCEL TANKERAs consumer demand for chemicals and other
specialty products increased worldwide, the need for vessels designed specifically to transport
these cargoes also expanded. As a quick fix, some owners modified existing product carriers
into what were termed “drugstore” vessels, carrying limited quantities of many different products.
Ultimately, these vessels paved the way for parcel carriers, vessels specially designed and
constructed from the keel up to accommodate the growing market. Figure 1-7 shows one such
vessel, the Stolt Innovation, built and operated by Stolt-Nielsen S.A.Figure 1-8 shows the deck
of an externally framed vessel. This method of construction allows for smooth internal surfaces
within the tanks. Due to the nature of the cargoes transported, parcel tankers are designed to
maintain a high degree of segregation between cargoes. Figure 1-9 shows the complexity of
deck piping on one coastal chemical carrier.Toward the end of the twentieth century, the
demand for parcel tankers increased as the transport of these cargoes by such vessels proved
to be safe and cost-effective while maintaining the highest standards of quality assurance. The
list of different cargoes carried by parcel tankers is exhaustive; however, the rules governing the
safe transport of these cargoes are well defined in the international bulk chemical codes. The
construction and survivability requirements for chemical vessels can be found in U.S. regulation
Title 46 CFR Part 151 (barges) and Part 153 (ships) as well as in the bulk chemical codes (IBC/
BCH) from the International Maritime Organization (IMO). (IBC is the International Code for the
Construction and Equipment of Ships Carrying Dangerous Chemicals in Bulk. BCH is the Code
for the Construction and Equipment of Ships Carrying Dangerous Chemicals.)The marine
environment is afforded three levels of protection against an uncontrolled release of the cargo
resulting from a breach of the cargo tank. Figure 1-10 illustrates the spacing requirements for
Types 1, 2, and 3 containment in the cargo area, as specified in the bulk chemical codes.1.
Type 1 containment provides the maximum level of protection possible when transporting



substances that pose the greatest environmental risk if an uncontrolled release from the vessel
should occur. In addition to the spacing requirements between the side and bottom shown in
Figure 1-10, vessels constructed in accordance with these rules must also be capable of
surviving a certain prescribed level of damage to the hull.2. Type 2 containment is required
when transporting substances that pose a significant hazard to the environment. The spacing
requirements and the survivability requirements of the vessel are less than those for Type I
containment.3. Type 3 containment affords a moderate level of protection. No special spacing
requirements are necessary and the survivability criteria in the event of vessel damage are not
as stringent as those for Type 1 or 2.Figure 1-7. The Stolt Innovation serves in the parcel trade
worldwide. Courtesy Stolt-Nielsen Transportation Group Ltd.Figure 1-8. External framing on
deck. Courtesy Maximillian PaulTo further limit the environmental impact from hazardous
cargoes classified as Type 1 and Type 2, parcel tankers are governed by a limit on the quantity
of cargo that can be carried in any one tank as follows:1. Type 1—maximum allowable cargo
quantity transported in any one cargo tank shall not exceed 1250 m3 (7.862 bbls).2. Type 2—
maximum allowable cargo quantity transported in any one cargo tank shall not exceed 3000 m3
(18,869 bbls).3. Type 3—no limit on the quantity of cargo transported in any one tank.The
chemical codes further classify cargo tanks according to their construction.Independent tanks
are cargo tanks not designed as a part of the hull structure. An example of an independent tank
would be a cylindrical cargo tank installed above the deck. An independent tank is used to
eliminate or at least minimize the forces or stresses that may be working on the adjacent hull
structure. An independent tank is installed in such a manner that it can be moved relative to the
vessel.Integral tanks are cargo tanks that form an essential part of the hull structure and
contribute to the strength of the vessel. Integral tanks are subject to the forces and stresses
experienced by the hull structure as a result of cargo operations and motion of the vessel.
Figures 1-11 and 1-11a illustrate several cargo tank configurations on parcel tankers.Figure 1-9.
Complexity of deck piping on a chemical tanker. Courtesy Christopher Adams.Figure 1-10. The
spacing requirements for Types 1, 2, and 3 containment under the bulk chemical codes.
Copyright © International Maritime Organization (IMO), London.Gravity tanks are those tanks
having a design pressure not greater than 10 pounds per square inch gauge and of prismatic or
other geometric shape where stress analysis is neither readily or completely
determinate.Pressure tanks are independent tanks, whose pressure is above 10 pounds per
square inch gauge and fabricated in accordance with domestic rules.COMBINATION
CARRIERThe USCG defines a combination carrier as any vessel designed to carry oil or solid
cargoes in bulk. They are specially built vessels often referred to as ore/bulk/oil carriers (OBOs)
capable of alternating between carrying oil cargoes and bulk commodities such as iron ore or
coal. Combination carriers can also be adapted to meet the specialized requirements of a
customer such as alternating between the transport of caustic and alumina for the aluminum
industry. The advantages of this design include the ability to carry cargo in both directions during
a voyage and to shift trades as market conditions and freight rates change.Figure 1-11. Cargo



tank layouts of parcel tankers. Copyright © International Maritime Organization (IMO),
London.Figure 1-11a. General arrangement of a parcel tanker.Figure 1-12 illustrates a typical
cross section of an OBO. The design is characterized by large raised hatch openings as well as
a double-bottom and topside ballast tanks for trimming of solid cargoes. Some of the concerns
expressed with this design include damage to the tank coatings and high stresses from the
loading of dry cargoes. Problems also arise in situations where major components of the cargo
system (such as pumps, valves, inert gas systems, and so forth) experience extended periods of
inactivity. To combat these problems, combination carriers require frequent inspection and
ongoing preventive maintenance to ensure the continued reliability of cargo system
equipment.Figure 1-12. OBO: typical section. Reprinted with permission from the International
Safety Guide for Oil Tankers and Terminals (ISGOTT), 4th Edition. Courtesy OCIMF, ICS, and
IAPH.BARGESThe tank barge industry has undergone a renaissance in recent years with the
wave of new double hull vessels entering service. The modern tank barge fleets represent a
safe, cost effective method of transporting vast quantities of bulk liquid cargoes. In the United
States the tank barge industry consists of approximately 3,700 barges that account for the
transport of millions of tons of cargo annually. Tank barges deliver products throughout the
inland waterway system (rivers, lakes, bays, and sounds) of the U.S. as well as in the coastwise
trade. To fully appreciate the role played by the barge industry in the transportation of bulk liquid
cargoes consider the most recent data available from the American Waterway Operators.
(Figure 1-12a)Figure 1-12a. Barge transportation statistics. Courtesy American Waterway
Operators (AWO).These versatile vessels transport the full range of cargoes carried by tank
ships. Figure 1-13 shows a typical plan view of a double hull barge. Most barges are constructed
with a centerline bulkhead and a series of transverse bulkheads that result in a port-and-
starboard cargo tank configuration as seen in Figure 1-13. The number of cargo compartments
found on a barge is generally dictated by the trade of the vessel. Under the Oil Pollution Act of
1990, the barge industry was also confronted with the mandatory replacement of the existing
single hull fleet with double hull vessels. The Crowley Petroleum Service ATB shown in Figure
1-13a is another addition to their expanding coastwise fleet, equipped with the latest advances
in cargo system design. An articulated tug and barge unit such as the Crowley vessel employ a
deep notch and intercon connection unit to lock the tug and barge together providing a safe and
efficient method for operating offshore without the need for a lengthy tow wire (Figures 1-13b
and 1-13c).Figure 1-13. Double hull arrangements. Courtesy OSG America.Figure 1-13a.
Crowley ATB. Courtesy Stacy DeLoach.In addition to this advanced connection system between
the tug and barge, the cargo systems on the newest barges incorporate many state-of-the-art
features, such as:-inert gas generator-nitrogen generator-vapor recovery system-closed
gauging system-segregated ballast system-flexible and highly efficient cargo system-fixed tank
washing system-thermal oil heating systems-automated cargo control system-increased number
of cargo segregationsIt is apparent that versatility is a key element in the design of the next
generation of tank barges giving owners the ability to adjust to changing market conditions and



customer demands. Today’s operators realize they must compete for work in an increasingly
demanding and competitive oil and chemical transportation market.Barges transporting cargoes
other than oil must meet the construction requirements outlined in Title 46 CFR Part 151, which
call for heightened protection of the cargo area from side or bottom damage to the barge. Barge
hulls are categorized according to structural strength, collision and grounding requirements, and
survivability in the event of flooding from specified damage to the hull. The hull types are
categorized in three ways as follows:1. Type 1 barge hulls are designed to carry products which
require the maximum preventive measures to preclude the uncontrolled release of the cargo.2.
Type 2 barge hulls are those designed to carry products which require significant preventive
measures to preclude the uncontrolled release of the cargo.3. Type 3 barge hulls are those
designed to carry products of sufficient hazard to require a moderate degree of control.Figure
1-13b. Deep notch on barge and Intercon connection Courtesy Stacy DeLoach.Figure 1-13c.
Intercon Connector. Courtesy Stacy DeLoach.Figure 1-14. General arrangement drawing of
135,000-barrel, double-hull barge built at Alabama Shipyard. Courtesy Alabama Shipyard
Inc.SPECIAL PURPOSE TANKERSThere are a number of tank vessels that do not fall within the
traditional classification of a commercial tanker. Such vessels are purpose built in a class of their
own based on the needs of the particular operation they serve. Examples of these special
purpose tank vessels include:UNDERWAY REPLENISHMENT TANKERSThe underway
replenishment tanker is specifically designed to serve the needs of the military by providing fuel
for the operation of vessels and aircraft. The vessel seen in Figure 1-14a has a conventional
cargo and ballast tank arrangement below deck in addition to the necessary hoses, rigging and
winches on deck to conduct the refueling of military vessels while underway at sea. The
refueling operation is an “all hands” operation that requires unique planning and coordination by
everyone involved to ensure a safe and efficient operation.Figure 1-14a. Underway
Replenishment with Aircraft Carrier. Courtesy Brian Roscovius.Figure 1-14aa. Underway
replenishment operation with naval vessel. Courtesy Brian Roscovius.FLOATING
PRODUCTION, STORAGE AND OFFLOADING (FPSO) AND FLOATING STORAGE AND
OFFLOADING (FSO)Offshore oil production platforms normally transfer the oil to the mainland
via subsea pipelines or by tanker. When shuttle tankers are employed to move the oil to the
mainland, the oil is typically stored in an FPSO or FSO that is either permanently moored or able
to disconnect.An FSO is often a converted oil tanker that is used to temporarily store the oil prior
to transfer to a shuttle tanker.An FPSO is a floating tank system used to receive oil from nearby
platforms or wells, process the oil onboard and store it until it can be transferred to a shuttle
tanker. (Figure 1-14b)BARRIERSIn the construction of a tank vessel, a physical barrier is
generally required to separate the cargo and non-cargo areas of the vessel. Several approaches
to meet this requirement are outlined in the construction regulations. The most common method
is the use of a void—dead air space, known as a cofferdam—that places two bulkheads
between the cargo and non-cargo areas as seen in Figure 1-15.Alternative methods of
separation include the use of a cargo or ballast pump room, an empty cargo tank, or a tank



carrying a grade E cargo (flashpoint of 150°F and above). This barrier extends the breadth and
depth of the vessel creating the transition between the gas-safe areas of the vessel (the
superstructure and engine spaces) and the potentially hazardous cargo tank area. Several other
design features contribute to this barrier mentality, including the fact that the forward side of the
after house facing the cargo tank area is sealed, and access to the house is limited to doors
located at the side of the superstructure. These changes have improved the safety of the vessel
over earlier designs by enhancing two basic principles of construction: (1) minimizing the
accumulation of flammable cargo vapors in and around the superstructure and (2) separating
the cargo area from potential sources of ignition.Figure 1-14b. FPSO diagram. Courtesy
Gunnernett.Figure 1-15. The physical separation between the cargo and noncargo areas of a
tanker can be seen in this drawing. Copyright © International Maritime Organization (IMO),
London.CLASSIFICATIONTank vessels are usually classified by the trade in which they are
engaged and according to deadweight tonnage.The trade of a vessel is defined by the type of
cargoes routinely carried over a number of voyages. In the tanker industry three broad
categories predominate:1. Crude-oil carriers2. Product carriersClean (gasoline, jet, diesel,
etc.)Dirty (black oils—residual fuel oils, vacuum gas oils, asphalt, etc.)3. Parcel carriers
(chemical/specialty cargoes, etc.)Tankers tend to remain in one trade. However, as market
conditions and customer requirements change, a vessel may move back and forth between
trades during the lifetime of the vessel. To change the trade of a vessel is a substantial
commitment on the part of an owner as extensive cleaning and even modification of the vessel
may be necessary.Tanker personnel often refer to the vessel according to its deadweight
tonnage (dwt). The deadweight tonnage is used as a rough measure of the cargo carrying
capacity of the vessel and is usually expressed in long tons (1 long ton = 2,240 pounds) or
metric tons (1 metric ton = 2,204.6 pounds). The deadweight tonnage of a vessel is defined as
the amount of cargo, fuel, water, and stores a vessel can carry when fully loaded. Tankers are
typically divided into four broad categories as seen in table 1-1 and Figure 1-16.Figure 1-16.
Relative sizes of tankers. Tanker size has increased dramatically since WWII. The top figure
represents a T-2 tanker. Courtesy Exxon.Table 1-1Classification of Tankers According to
Deadweight TonnageCategoryTonnage RangeTradeHandy/Coastal/Parcel/Barge5,000 to
35,000 dwtProduct/parcelMedium35,000 to 160,000 dwtProduct/crude oilVLCCs (very-large
crude carrier)160,000 to 300,000 dwtCrude oilULCCs (ultra-large crude carrier)300,000 dwt and
aboveCrude oilDEVELOPMENT OF THE SUPERTANKERDuring the post–World War II era, the
tanker industry experienced dramatic changes in both the dimensions and the trade routes of
these vessels. The ever popular T-2 tanker of the war years gave way to modern construction
(Figure 1-17) in order to create more economical ways of transporting oil to meet the growing
demands of the industrialized world.Figure 1-17. “State Class” double hull tanker under
construction at the NASSCO yard. Courtesy Ken Wright, General Dynamics NASSCO staff
photographer.Figure 1-18. Lightering operation. Courtesy Abigail Robson.A number of factors
contributed to the rapid increase in tanker size, including the hostilities in the Middle East that



resulted in the closure of the Suez Canal, a choke point for tanker traffic to and from the oil fields
of the Persian Gulf. Nationalization of the oil refineries in the Middle East and fierce competition
among international ship owners all played a role in accelerating the development of the modern-
day supertanker. VLCCs and ULCCs ply the most solitary trade routes of the oceans, typically
loading at offshore platforms or single-point moorings and discharging at SPM’s, deepwater
terminals or by lightering offshore (Figure 1-18).These vessels can enter only a limited number
of ports in the world when fully loaded and therefore remain at sea for extended periods of time,
a typical voyage often taking seventy to seventy-five days.REVIEW1. Define the term “tank
vessel.”2. What is the effect of free surface on a vessel?3. How can the effects of free surface
be reduced or eliminated?4. Describe the method of construction of single-hull tank vessels.5.
The Oil Pollution Act of 1990 mandates double hulls for new construction. What are the
minimum spacing requirements between the hulls? List some of the concerns associated with
the double hull design.6. Draw a cross section of a mid-deck tanker and explain the method
employed to reduce oil outflow in the event of a casualty (grounding/collision).7. In the transport
of hazardous chemicals, explain the requirements for Types I, II, and III containment.8. In the
construction of a modern tanker, the cargo and non-cargo areas of the vessel must be physically
separated through what means?9. List three factors that contributed to the development of the
modern supertanker.10. List the various trades in which a tank vessel is typically
engaged.CHALLENGE QUESTIONS11. The absence of a centerline bulkhead on certain
double hull tankers resulted in the loss of intact stability during cargo and ballast operations.
Why?12. List three concerns associated with the double hull method of construction.13. The
________________ design attracted the most interest as a likely alternative to the double hull
method of construction mandated by the Oil Pollution Act of 1990.14. Describe the various ways
one might detect that cargo has migrated into the empty ballast space of a double hull
tanker.15. In the event of a collision in which the cargo tank boundary is breached (inner hull),
describe your actions to limit the spill and safeguard the vessel.CHAPTER 1Tank Vessel Design
and ClassificationThe first tanker appeared over a century ago, and since that time the
movement of liquid cargoes by tank vessel has evolved into one of the most efficient global
modes of transportation. Seagoing tankers represent some of the largest and most
technologically advanced man made vehicles that ply the oceans of the world. Modern
refinements in the design of these vessels have resulted in the development of a versatile carrier
capable of transporting a wide array of bulk liquid cargoes. Today, tank vessels (both ships and
barges) are responsible for the movement of tremendous volumes of liquid cargoes. This
chapter focuses primarily on vessels that are designed to carry cargoes classified as
“dangerous liquids,” which encompasses both oils and chemicals in bulk.The following
definitions are provided to eliminate confusion about the types of vessels described in the text.
The United States Coast Guard (USCG) defines a tank vessel as “a vessel that is constructed or
adapted primarily to carry, or that carries, oil or hazardous material in bulk as cargo or cargo
residue.” The USCG further categorizes a tank vessel as a tank ship (if it is self-propelled) or a



tank barge (if it has no means of propulsion). Throughout the text, efforts have been made to use
the term “tank vessel” if the topic applies to both ships and barges.OIL TANKERAs we move into
a new era of tanker design a retrospective look at how we got where we are today is in order.
The earliest design of tank vessel involved construction with a single hull. Figure 1-1 shows a
cross section of a traditional single-hull design.In the early part of the twentieth century, the shift
toward longitudinal construction resulted in a unique subdivision of the cargo tank area. As seen
in Figure 1-1, the use of twin longitudinal bulkheads created a three-tank configuration
athwartships in the vessel: a center tank flanked by a set of wing tanks. A series of oil-tight,
transverse bulkheads completed the subdivision of the cargo area, as required, creating the
total number of tanks necessary for the particular trade of the vessel. This method of
construction was well suited for the transportation of bulk liquid cargoes; resulting in a structure
that was inherently stable. This design was credited with virtually eliminating the free surface
problems experienced in earlier tanker designs.Figure 1-1. Cross-sectional view of a single-hull
tanker. The complex internal structure of the tanks made cargo stripping and tank cleaning
operations more difficult. Courtesy National Transportation Safety Board.Figure 1-1a. Courtesy
Kevin DuschenchukFree surface is an effect created when liquids move about in an unrestricted
fashion within a compartment such as a cargo or ballast tank. The resultant shift of weight has
an adverse impact on the stability of the vessel, so every effort is made to minimize shifting.
Typical methods of reducing the free surface effect include keeping the number of slack cargo
and ballast tanks to a minimum, constructing smaller compartments (subdivisions), and utilizing
partial bulkheads (swash plates or swash bulkheads). The success of the single-hull design is
evidenced by the fact that it had withstood the test of time and deadweight (dwt) tonnage. Single-
hull construction predominated until the late 1960s when political and environmental pressures
drove the tanker industry to seek other methods of construction. By the 1970s a number of
owners had shifted to double-bottom construction (Figure 1-2) to meet the new segregated-
ballast requirements.Figure 1-2. Profile view of a double-bottom tanker. The double-bottom
space serves as the segregated-ballast capacity for the vessel. Copyright © International
Maritime Organization (IMO), London.The grounding of the single hull Exxon Valdez in 1989
prompted domestic and international requirements calling for newly constructed oil tankers to be
fitted with a double hull. Double-hull tankers had been successfully operated for a number of
years, hence this design took center stage as the most likely response to the public’s outcry for
heightened protection of the marine environment. The use of two pieces of steel (inner and outer
hulls) to separate the cargo area from the sea is expected to minimize oil outflow from the
majority of tanker casualties—grounding, collision, or minor shell damage—that involve a
breach of the hull. The construction scenes of the Pelican State at the NASSCO yard (Figure
1-3) clearly illustrate the protection afforded the cargo tanks within the double hull.The Oil
Pollution Act of 1990 called for new tankers contracted after June 30, 1990, to be constructed
with a double hull. The U.S. construction requirements are contained in Title 33 CFR Part
157.10d, which specifies minimum spacing between the hulls as follows:For vessels of 5,000



dwt and above—Double sides (W)W = 0.5 + dwt/20,000 or 2 meters the lesser and in no case
less than 1 meterDouble bottom (H)H = Breadth/15 or 2 meters the lesser and in no case less
than 1 meterFigure 1-3. Double Hull tanker under construction. Courtesy George Edenfield.For
vessels of less than 5,000 dwt—Double sides (W)W = 0.4 + (2.4) (dwt/20,000) in meters, but in
no case less than 0.76 meterDouble bottom (H)H = Breadth/15 in meters, but in no case less
than 0.76 meterFigure 1-4 shows the double-hull tanker American Progress.DOUBLE
HULLSThe requirement for new oil tankers to be constructed with a double hull grew out of a
provision in the Oil Pollution Act of 1990 (OPA ’90) however the International Maritime
Organization (IMO) adopted similar mandates in 1992. Internationally, the double hull
requirement appeared as an amendment to Annex I of MARPOL 73/78 contained in regulation
13F (new regulation 19 in the latest revision that entered into force on 1 January 2007). Further
to the change in design for new tankers came the mandatory phase out/conversion of existing
single hull tank vessels both under OPA ’90 and Annex I MARPOL 73/78 regulation 13G (new
regulation 20 under the latest revision that entered into force on 1 January 2007). The
mandatory phase out of the existing single hull fleet continues until 2010 and for existing double
bottom tankers the phase out runs to 2015. Since the inception of these design changes in the
early 1990’s a number of marine casualties involving single hull tankers led to calls for the
acceleration of the phase out of these vessels. Incidents such as the break up of the ERIKA off
the coast of France in 1999, the PRESTIGE off the coast of Spain in 2002 and most recently the
holing of the HEBEI SPIRIT off South Korea exemplify the influence such events have in spurring
legislative bodies to action.Industry experts have long debated the effectiveness of the double
hull design in high energy groundings and collisions with the potential for significant loss of
cargo and resulting environmental impact (Figure 1-4a).Consequently, the United States
Congress and International Maritime Organization (IMO) left the door open to alternative
designs and control technologies that offered equivalent or better protection of the marine
environment than the double hull. The stakeholders in the transportation industry engaged in a
study of these alternatives and in 1993 the United States Coast Guard reaffirmed the double hull
design as the only method of construction for new tankers that should be permitted in U.S.
waters. This conclusion created international controversy as the IMO embraced two alternative
concepts to the double hull namely the mid-deck design and the Coulombi egg design.Figure
1-4a. Collision and resulting oil spill involving a double hull tanker. Courtesy USCG.Figure 1-4.
The general arrangement drawing for the double-hull tanker American Progress. Courtesy Mobil
Shipping and Transportation Company.EXPERIENCE TO DATE WITH DOUBLE HULLSThe
most common cargo and ballast tank arrangements in the double hull tankers seen to date are
illustrated in Figures 1-4b, 1-4c, and 1-4d. As of this writing, the world tanker fleet is comprised
of approximately 3600 tankers of which roughly 2600 are double-hulled.Figure 1-4b. Double hull
arrangements. Courtesy International Association of Classification Societies (IACS).Figure 1-4c.
Double hull tanker 150,000 DWT or less.Figure 1-4d. Double hull tanker 150,000 DWT and
greater.As the percentage of double hull vessels operating worldwide has increased, operators



have gained greater insight into the various concerns associated with this method of
construction such as:1. Overall quality of construction2. Accelerated corrosion rates3. High
stress areas leading to fatigue cracks particularly in the inner bottom4. Proper application and
longevity of ballast tank coatings5. The need for ongoing inspection and maintenance of ballast
tank coatings6. The need to coat designated “storm” ballast (cargo) tanks7. The need for
(hydrocarbon) gas detection in the ballast, pumproom and void spaces8. Safety concerns
associated with ventilation and access for inspection of the double hull9. The ability to inert the
empty ballast space between the hulls10. Fire safety risks related to empty ballast spaces (air)
surrounding cargo tanks11. Increased construction and maintenance costs12. Loss of intact
stability due to free surface problems on certain double hull designs13. Damaged stability
concerns related to raking damage during a grounding incidentWithout a doubt, the structural
complexity of the space between the hulls is expected to pose significant challenges to
operators over the lifetime of these vessels.MID-DECK DESIGNThe mid-deck design is an
alternative approach to the double hull in which an intermediate oil tight deck essentially creates
an upper and lower cargo tank (Figure 1-5).The basis of this design is a simple concept that
involves placing an oiltight ‘tween deck at about mid-height in the vessel, which results in the
lower tank being located substantially below the waterline of the vessel when fully loaded. In the
event of a breach of the bottom tank the outflow of cargo is minimal based on the fact that the
external seawater pressure on the hull exceeds the head pressure of the cargo in the lower tank.
Therefore, water would enter (press up) the lower cargo tank as opposed to cargo gravitating out
the bottom of the vessel to the sea. Additionally, the wider double sides in this design resemble
traditional wing tanks potentially providing better protection of the marine environment from side
damage to the vessel. Model testing performed by a number of engineering groups worldwide
confirmed the viability of this design in minimizing oil outflow from major damage to the hull.
These findings ultimately led to the acceptance of the mid- deck design by the international
maritime community. In the United States, the Coast Guard cited inexperience with the mid-deck
concept as one of the reasons for not recommending it as an alternative to the double
hull.Another design closely related to the mid-deck is the Coulombi Egg, shown in Figure 1-6.
After several years of evaluation, IMO has also accepted this design as affording a measure of
protection of the marine environment equivalent to that of the double hull. As in the case of the
mid-deck design, however, the United States opposes the idea of equivalence and will not
permit either design into U.S. waters. At this point, the controversy appears to be over as
evidenced by the worldwide acceptance of double hull construction as the standard for the next
generation of tanker.Figure 1-5. The mid-deck design shown here uses hydrostatic pressure to
minimize oil outflow in the event that the cargo tanks are breached. Courtesy Marine Log.Figure
1-6. The Coulombi Egg design.PARCEL TANKERAs consumer demand for chemicals and other
specialty products increased worldwide, the need for vessels designed specifically to transport
these cargoes also expanded. As a quick fix, some owners modified existing product carriers
into what were termed “drugstore” vessels, carrying limited quantities of many different products.



Ultimately, these vessels paved the way for parcel carriers, vessels specially designed and
constructed from the keel up to accommodate the growing market. Figure 1-7 shows one such
vessel, the Stolt Innovation, built and operated by Stolt-Nielsen S.A.Figure 1-8 shows the deck
of an externally framed vessel. This method of construction allows for smooth internal surfaces
within the tanks. Due to the nature of the cargoes transported, parcel tankers are designed to
maintain a high degree of segregation between cargoes. Figure 1-9 shows the complexity of
deck piping on one coastal chemical carrier.Toward the end of the twentieth century, the
demand for parcel tankers increased as the transport of these cargoes by such vessels proved
to be safe and cost-effective while maintaining the highest standards of quality assurance. The
list of different cargoes carried by parcel tankers is exhaustive; however, the rules governing the
safe transport of these cargoes are well defined in the international bulk chemical codes. The
construction and survivability requirements for chemical vessels can be found in U.S. regulation
Title 46 CFR Part 151 (barges) and Part 153 (ships) as well as in the bulk chemical codes (IBC/
BCH) from the International Maritime Organization (IMO). (IBC is the International Code for the
Construction and Equipment of Ships Carrying Dangerous Chemicals in Bulk. BCH is the Code
for the Construction and Equipment of Ships Carrying Dangerous Chemicals.)The marine
environment is afforded three levels of protection against an uncontrolled release of the cargo
resulting from a breach of the cargo tank. Figure 1-10 illustrates the spacing requirements for
Types 1, 2, and 3 containment in the cargo area, as specified in the bulk chemical codes.1.
Type 1 containment provides the maximum level of protection possible when transporting
substances that pose the greatest environmental risk if an uncontrolled release from the vessel
should occur. In addition to the spacing requirements between the side and bottom shown in
Figure 1-10, vessels constructed in accordance with these rules must also be capable of
surviving a certain prescribed level of damage to the hull.2. Type 2 containment is required
when transporting substances that pose a significant hazard to the environment. The spacing
requirements and the survivability requirements of the vessel are less than those for Type I
containment.3. Type 3 containment affords a moderate level of protection. No special spacing
requirements are necessary and the survivability criteria in the event of vessel damage are not
as stringent as those for Type 1 or 2.Figure 1-7. The Stolt Innovation serves in the parcel trade
worldwide. Courtesy Stolt-Nielsen Transportation Group Ltd.Figure 1-8. External framing on
deck. Courtesy Maximillian PaulTo further limit the environmental impact from hazardous
cargoes classified as Type 1 and Type 2, parcel tankers are governed by a limit on the quantity
of cargo that can be carried in any one tank as follows:1. Type 1—maximum allowable cargo
quantity transported in any one cargo tank shall not exceed 1250 m3 (7.862 bbls).2. Type 2—
maximum allowable cargo quantity transported in any one cargo tank shall not exceed 3000 m3
(18,869 bbls).3. Type 3—no limit on the quantity of cargo transported in any one tank.The
chemical codes further classify cargo tanks according to their construction.Independent tanks
are cargo tanks not designed as a part of the hull structure. An example of an independent tank
would be a cylindrical cargo tank installed above the deck. An independent tank is used to



eliminate or at least minimize the forces or stresses that may be working on the adjacent hull
structure. An independent tank is installed in such a manner that it can be moved relative to the
vessel.Integral tanks are cargo tanks that form an essential part of the hull structure and
contribute to the strength of the vessel. Integral tanks are subject to the forces and stresses
experienced by the hull structure as a result of cargo operations and motion of the vessel.
Figures 1-11 and 1-11a illustrate several cargo tank configurations on parcel tankers.Figure 1-9.
Complexity of deck piping on a chemical tanker. Courtesy Christopher Adams.Figure 1-10. The
spacing requirements for Types 1, 2, and 3 containment under the bulk chemical codes.
Copyright © International Maritime Organization (IMO), London.Gravity tanks are those tanks
having a design pressure not greater than 10 pounds per square inch gauge and of prismatic or
other geometric shape where stress analysis is neither readily or completely
determinate.Pressure tanks are independent tanks, whose pressure is above 10 pounds per
square inch gauge and fabricated in accordance with domestic rules.COMBINATION
CARRIERThe USCG defines a combination carrier as any vessel designed to carry oil or solid
cargoes in bulk. They are specially built vessels often referred to as ore/bulk/oil carriers (OBOs)
capable of alternating between carrying oil cargoes and bulk commodities such as iron ore or
coal. Combination carriers can also be adapted to meet the specialized requirements of a
customer such as alternating between the transport of caustic and alumina for the aluminum
industry. The advantages of this design include the ability to carry cargo in both directions during
a voyage and to shift trades as market conditions and freight rates change.Figure 1-11. Cargo
tank layouts of parcel tankers. Copyright © International Maritime Organization (IMO),
London.Figure 1-11a. General arrangement of a parcel tanker.Figure 1-12 illustrates a typical
cross section of an OBO. The design is characterized by large raised hatch openings as well as
a double-bottom and topside ballast tanks for trimming of solid cargoes. Some of the concerns
expressed with this design include damage to the tank coatings and high stresses from the
loading of dry cargoes. Problems also arise in situations where major components of the cargo
system (such as pumps, valves, inert gas systems, and so forth) experience extended periods of
inactivity. To combat these problems, combination carriers require frequent inspection and
ongoing preventive maintenance to ensure the continued reliability of cargo system
equipment.Figure 1-12. OBO: typical section. Reprinted with permission from the International
Safety Guide for Oil Tankers and Terminals (ISGOTT), 4th Edition. Courtesy OCIMF, ICS, and
IAPH.BARGESThe tank barge industry has undergone a renaissance in recent years with the
wave of new double hull vessels entering service. The modern tank barge fleets represent a
safe, cost effective method of transporting vast quantities of bulk liquid cargoes. In the United
States the tank barge industry consists of approximately 3,700 barges that account for the
transport of millions of tons of cargo annually. Tank barges deliver products throughout the
inland waterway system (rivers, lakes, bays, and sounds) of the U.S. as well as in the coastwise
trade. To fully appreciate the role played by the barge industry in the transportation of bulk liquid
cargoes consider the most recent data available from the American Waterway Operators.



(Figure 1-12a)Figure 1-12a. Barge transportation statistics. Courtesy American Waterway
Operators (AWO).These versatile vessels transport the full range of cargoes carried by tank
ships. Figure 1-13 shows a typical plan view of a double hull barge. Most barges are constructed
with a centerline bulkhead and a series of transverse bulkheads that result in a port-and-
starboard cargo tank configuration as seen in Figure 1-13. The number of cargo compartments
found on a barge is generally dictated by the trade of the vessel. Under the Oil Pollution Act of
1990, the barge industry was also confronted with the mandatory replacement of the existing
single hull fleet with double hull vessels. The Crowley Petroleum Service ATB shown in Figure
1-13a is another addition to their expanding coastwise fleet, equipped with the latest advances
in cargo system design. An articulated tug and barge unit such as the Crowley vessel employ a
deep notch and intercon connection unit to lock the tug and barge together providing a safe and
efficient method for operating offshore without the need for a lengthy tow wire (Figures 1-13b
and 1-13c).Figure 1-13. Double hull arrangements. Courtesy OSG America.Figure 1-13a.
Crowley ATB. Courtesy Stacy DeLoach.In addition to this advanced connection system between
the tug and barge, the cargo systems on the newest barges incorporate many state-of-the-art
features, such as:-inert gas generator-nitrogen generator-vapor recovery system-closed
gauging system-segregated ballast system-flexible and highly efficient cargo system-fixed tank
washing system-thermal oil heating systems-automated cargo control system-increased number
of cargo segregationsIt is apparent that versatility is a key element in the design of the next
generation of tank barges giving owners the ability to adjust to changing market conditions and
customer demands. Today’s operators realize they must compete for work in an increasingly
demanding and competitive oil and chemical transportation market.Barges transporting cargoes
other than oil must meet the construction requirements outlined in Title 46 CFR Part 151, which
call for heightened protection of the cargo area from side or bottom damage to the barge. Barge
hulls are categorized according to structural strength, collision and grounding requirements, and
survivability in the event of flooding from specified damage to the hull. The hull types are
categorized in three ways as follows:1. Type 1 barge hulls are designed to carry products which
require the maximum preventive measures to preclude the uncontrolled release of the cargo.2.
Type 2 barge hulls are those designed to carry products which require significant preventive
measures to preclude the uncontrolled release of the cargo.3. Type 3 barge hulls are those
designed to carry products of sufficient hazard to require a moderate degree of control.Figure
1-13b. Deep notch on barge and Intercon connection Courtesy Stacy DeLoach.Figure 1-13c.
Intercon Connector. Courtesy Stacy DeLoach.Figure 1-14. General arrangement drawing of
135,000-barrel, double-hull barge built at Alabama Shipyard. Courtesy Alabama Shipyard
Inc.SPECIAL PURPOSE TANKERSThere are a number of tank vessels that do not fall within the
traditional classification of a commercial tanker. Such vessels are purpose built in a class of their
own based on the needs of the particular operation they serve. Examples of these special
purpose tank vessels include:UNDERWAY REPLENISHMENT TANKERSThe underway
replenishment tanker is specifically designed to serve the needs of the military by providing fuel



for the operation of vessels and aircraft. The vessel seen in Figure 1-14a has a conventional
cargo and ballast tank arrangement below deck in addition to the necessary hoses, rigging and
winches on deck to conduct the refueling of military vessels while underway at sea. The
refueling operation is an “all hands” operation that requires unique planning and coordination by
everyone involved to ensure a safe and efficient operation.Figure 1-14a. Underway
Replenishment with Aircraft Carrier. Courtesy Brian Roscovius.Figure 1-14aa. Underway
replenishment operation with naval vessel. Courtesy Brian Roscovius.FLOATING
PRODUCTION, STORAGE AND OFFLOADING (FPSO) AND FLOATING STORAGE AND
OFFLOADING (FSO)Offshore oil production platforms normally transfer the oil to the mainland
via subsea pipelines or by tanker. When shuttle tankers are employed to move the oil to the
mainland, the oil is typically stored in an FPSO or FSO that is either permanently moored or able
to disconnect.An FSO is often a converted oil tanker that is used to temporarily store the oil prior
to transfer to a shuttle tanker.An FPSO is a floating tank system used to receive oil from nearby
platforms or wells, process the oil onboard and store it until it can be transferred to a shuttle
tanker. (Figure 1-14b)BARRIERSIn the construction of a tank vessel, a physical barrier is
generally required to separate the cargo and non-cargo areas of the vessel. Several approaches
to meet this requirement are outlined in the construction regulations. The most common method
is the use of a void—dead air space, known as a cofferdam—that places two bulkheads
between the cargo and non-cargo areas as seen in Figure 1-15.Alternative methods of
separation include the use of a cargo or ballast pump room, an empty cargo tank, or a tank
carrying a grade E cargo (flashpoint of 150°F and above). This barrier extends the breadth and
depth of the vessel creating the transition between the gas-safe areas of the vessel (the
superstructure and engine spaces) and the potentially hazardous cargo tank area. Several other
design features contribute to this barrier mentality, including the fact that the forward side of the
after house facing the cargo tank area is sealed, and access to the house is limited to doors
located at the side of the superstructure. These changes have improved the safety of the vessel
over earlier designs by enhancing two basic principles of construction: (1) minimizing the
accumulation of flammable cargo vapors in and around the superstructure and (2) separating
the cargo area from potential sources of ignition.Figure 1-14b. FPSO diagram. Courtesy
Gunnernett.Figure 1-15. The physical separation between the cargo and noncargo areas of a
tanker can be seen in this drawing. Copyright © International Maritime Organization (IMO),
London.CLASSIFICATIONTank vessels are usually classified by the trade in which they are
engaged and according to deadweight tonnage.The trade of a vessel is defined by the type of
cargoes routinely carried over a number of voyages. In the tanker industry three broad
categories predominate:1. Crude-oil carriers2. Product carriersClean (gasoline, jet, diesel,
etc.)Dirty (black oils—residual fuel oils, vacuum gas oils, asphalt, etc.)3. Parcel carriers
(chemical/specialty cargoes, etc.)Tankers tend to remain in one trade. However, as market
conditions and customer requirements change, a vessel may move back and forth between
trades during the lifetime of the vessel. To change the trade of a vessel is a substantial



commitment on the part of an owner as extensive cleaning and even modification of the vessel
may be necessary.Tanker personnel often refer to the vessel according to its deadweight
tonnage (dwt). The deadweight tonnage is used as a rough measure of the cargo carrying
capacity of the vessel and is usually expressed in long tons (1 long ton = 2,240 pounds) or
metric tons (1 metric ton = 2,204.6 pounds). The deadweight tonnage of a vessel is defined as
the amount of cargo, fuel, water, and stores a vessel can carry when fully loaded. Tankers are
typically divided into four broad categories as seen in table 1-1 and Figure 1-16.Figure 1-16.
Relative sizes of tankers. Tanker size has increased dramatically since WWII. The top figure
represents a T-2 tanker. Courtesy Exxon.Table 1-1Classification of Tankers According to
Deadweight TonnageCategoryTonnage RangeTradeHandy/Coastal/Parcel/Barge5,000 to
35,000 dwtProduct/parcelMedium35,000 to 160,000 dwtProduct/crude oilVLCCs (very-large
crude carrier)160,000 to 300,000 dwtCrude oilULCCs (ultra-large crude carrier)300,000 dwt and
aboveCrude oilDEVELOPMENT OF THE SUPERTANKERDuring the post–World War II era, the
tanker industry experienced dramatic changes in both the dimensions and the trade routes of
these vessels. The ever popular T-2 tanker of the war years gave way to modern construction
(Figure 1-17) in order to create more economical ways of transporting oil to meet the growing
demands of the industrialized world.Figure 1-17. “State Class” double hull tanker under
construction at the NASSCO yard. Courtesy Ken Wright, General Dynamics NASSCO staff
photographer.Figure 1-18. Lightering operation. Courtesy Abigail Robson.A number of factors
contributed to the rapid increase in tanker size, including the hostilities in the Middle East that
resulted in the closure of the Suez Canal, a choke point for tanker traffic to and from the oil fields
of the Persian Gulf. Nationalization of the oil refineries in the Middle East and fierce competition
among international ship owners all played a role in accelerating the development of the modern-
day supertanker. VLCCs and ULCCs ply the most solitary trade routes of the oceans, typically
loading at offshore platforms or single-point moorings and discharging at SPM’s, deepwater
terminals or by lightering offshore (Figure 1-18).These vessels can enter only a limited number
of ports in the world when fully loaded and therefore remain at sea for extended periods of time,
a typical voyage often taking seventy to seventy-five days.REVIEW1. Define the term “tank
vessel.”2. What is the effect of free surface on a vessel?3. How can the effects of free surface
be reduced or eliminated?4. Describe the method of construction of single-hull tank vessels.5.
The Oil Pollution Act of 1990 mandates double hulls for new construction. What are the
minimum spacing requirements between the hulls? List some of the concerns associated with
the double hull design.6. Draw a cross section of a mid-deck tanker and explain the method
employed to reduce oil outflow in the event of a casualty (grounding/collision).7. In the transport
of hazardous chemicals, explain the requirements for Types I, II, and III containment.8. In the
construction of a modern tanker, the cargo and non-cargo areas of the vessel must be physically
separated through what means?9. List three factors that contributed to the development of the
modern supertanker.10. List the various trades in which a tank vessel is typically
engaged.CHALLENGE QUESTIONS11. The absence of a centerline bulkhead on certain



double hull tankers resulted in the loss of intact stability during cargo and ballast operations.
Why?12. List three concerns associated with the double hull method of construction.13. The
________________ design attracted the most interest as a likely alternative to the double hull
method of construction mandated by the Oil Pollution Act of 1990.14. Describe the various ways
one might detect that cargo has migrated into the empty ballast space of a double hull
tanker.15. In the event of a collision in which the cargo tank boundary is breached (inner hull),
describe your actions to limit the spill and safeguard the vessel.CHAPTER 1Tank Vessel Design
and ClassificationThe first tanker appeared over a century ago, and since that time the
movement of liquid cargoes by tank vessel has evolved into one of the most efficient global
modes of transportation. Seagoing tankers represent some of the largest and most
technologically advanced man made vehicles that ply the oceans of the world. Modern
refinements in the design of these vessels have resulted in the development of a versatile carrier
capable of transporting a wide array of bulk liquid cargoes. Today, tank vessels (both ships and
barges) are responsible for the movement of tremendous volumes of liquid cargoes. This
chapter focuses primarily on vessels that are designed to carry cargoes classified as
“dangerous liquids,” which encompasses both oils and chemicals in bulk.The following
definitions are provided to eliminate confusion about the types of vessels described in the text.
The United States Coast Guard (USCG) defines a tank vessel as “a vessel that is constructed or
adapted primarily to carry, or that carries, oil or hazardous material in bulk as cargo or cargo
residue.” The USCG further categorizes a tank vessel as a tank ship (if it is self-propelled) or a
tank barge (if it has no means of propulsion). Throughout the text, efforts have been made to use
the term “tank vessel” if the topic applies to both ships and barges.OIL TANKERAs we move into
a new era of tanker design a retrospective look at how we got where we are today is in order.
The earliest design of tank vessel involved construction with a single hull. Figure 1-1 shows a
cross section of a traditional single-hull design.In the early part of the twentieth century, the shift
toward longitudinal construction resulted in a unique subdivision of the cargo tank area. As seen
in Figure 1-1, the use of twin longitudinal bulkheads created a three-tank configuration
athwartships in the vessel: a center tank flanked by a set of wing tanks. A series of oil-tight,
transverse bulkheads completed the subdivision of the cargo area, as required, creating the
total number of tanks necessary for the particular trade of the vessel. This method of
construction was well suited for the transportation of bulk liquid cargoes; resulting in a structure
that was inherently stable. This design was credited with virtually eliminating the free surface
problems experienced in earlier tanker designs.Figure 1-1. Cross-sectional view of a single-hull
tanker. The complex internal structure of the tanks made cargo stripping and tank cleaning
operations more difficult. Courtesy National Transportation Safety Board.Figure 1-1a. Courtesy
Kevin DuschenchukFree surface is an effect created when liquids move about in an unrestricted
fashion within a compartment such as a cargo or ballast tank. The resultant shift of weight has
an adverse impact on the stability of the vessel, so every effort is made to minimize shifting.
Typical methods of reducing the free surface effect include keeping the number of slack cargo



and ballast tanks to a minimum, constructing smaller compartments (subdivisions), and utilizing
partial bulkheads (swash plates or swash bulkheads). The success of the single-hull design is
evidenced by the fact that it had withstood the test of time and deadweight (dwt) tonnage. Single-
hull construction predominated until the late 1960s when political and environmental pressures
drove the tanker industry to seek other methods of construction. By the 1970s a number of
owners had shifted to double-bottom construction (Figure 1-2) to meet the new segregated-
ballast requirements.Figure 1-2. Profile view of a double-bottom tanker. The double-bottom
space serves as the segregated-ballast capacity for the vessel. Copyright © International
Maritime Organization (IMO), London.The grounding of the single hull Exxon Valdez in 1989
prompted domestic and international requirements calling for newly constructed oil tankers to be
fitted with a double hull. Double-hull tankers had been successfully operated for a number of
years, hence this design took center stage as the most likely response to the public’s outcry for
heightened protection of the marine environment. The use of two pieces of steel (inner and outer
hulls) to separate the cargo area from the sea is expected to minimize oil outflow from the
majority of tanker casualties—grounding, collision, or minor shell damage—that involve a
breach of the hull. The construction scenes of the Pelican State at the NASSCO yard (Figure
1-3) clearly illustrate the protection afforded the cargo tanks within the double hull.The Oil
Pollution Act of 1990 called for new tankers contracted after June 30, 1990, to be constructed
with a double hull. The U.S. construction requirements are contained in Title 33 CFR Part
157.10d, which specifies minimum spacing between the hulls as follows:For vessels of 5,000
dwt and above—Double sides (W)W = 0.5 + dwt/20,000 or 2 meters the lesser and in no case
less than 1 meterDouble bottom (H)H = Breadth/15 or 2 meters the lesser and in no case less
than 1 meterFigure 1-3. Double Hull tanker under construction. Courtesy George Edenfield.For
vessels of less than 5,000 dwt—Double sides (W)W = 0.4 + (2.4) (dwt/20,000) in meters, but in
no case less than 0.76 meterDouble bottom (H)H = Breadth/15 in meters, but in no case less
than 0.76 meterFigure 1-4 shows the double-hull tanker American Progress.DOUBLE
HULLSThe requirement for new oil tankers to be constructed with a double hull grew out of a
provision in the Oil Pollution Act of 1990 (OPA ’90) however the International Maritime
Organization (IMO) adopted similar mandates in 1992. Internationally, the double hull
requirement appeared as an amendment to Annex I of MARPOL 73/78 contained in regulation
13F (new regulation 19 in the latest revision that entered into force on 1 January 2007). Further
to the change in design for new tankers came the mandatory phase out/conversion of existing
single hull tank vessels both under OPA ’90 and Annex I MARPOL 73/78 regulation 13G (new
regulation 20 under the latest revision that entered into force on 1 January 2007). The
mandatory phase out of the existing single hull fleet continues until 2010 and for existing double
bottom tankers the phase out runs to 2015. Since the inception of these design changes in the
early 1990’s a number of marine casualties involving single hull tankers led to calls for the
acceleration of the phase out of these vessels. Incidents such as the break up of the ERIKA off
the coast of France in 1999, the PRESTIGE off the coast of Spain in 2002 and most recently the



holing of the HEBEI SPIRIT off South Korea exemplify the influence such events have in spurring
legislative bodies to action.Industry experts have long debated the effectiveness of the double
hull design in high energy groundings and collisions with the potential for significant loss of
cargo and resulting environmental impact (Figure 1-4a).Consequently, the United States
Congress and International Maritime Organization (IMO) left the door open to alternative
designs and control technologies that offered equivalent or better protection of the marine
environment than the double hull. The stakeholders in the transportation industry engaged in a
study of these alternatives and in 1993 the United States Coast Guard reaffirmed the double hull
design as the only method of construction for new tankers that should be permitted in U.S.
waters. This conclusion created international controversy as the IMO embraced two alternative
concepts to the double hull namely the mid-deck design and the Coulombi egg design.Figure
1-4a. Collision and resulting oil spill involving a double hull tanker. Courtesy USCG.Figure 1-4.
The general arrangement drawing for the double-hull tanker American Progress. Courtesy Mobil
Shipping and Transportation Company.EXPERIENCE TO DATE WITH DOUBLE HULLSThe
most common cargo and ballast tank arrangements in the double hull tankers seen to date are
illustrated in Figures 1-4b, 1-4c, and 1-4d. As of this writing, the world tanker fleet is comprised
of approximately 3600 tankers of which roughly 2600 are double-hulled.Figure 1-4b. Double hull
arrangements. Courtesy International Association of Classification Societies (IACS).Figure 1-4c.
Double hull tanker 150,000 DWT or less.Figure 1-4d. Double hull tanker 150,000 DWT and
greater.As the percentage of double hull vessels operating worldwide has increased, operators
have gained greater insight into the various concerns associated with this method of
construction such as:1. Overall quality of construction2. Accelerated corrosion rates3. High
stress areas leading to fatigue cracks particularly in the inner bottom4. Proper application and
longevity of ballast tank coatings5. The need for ongoing inspection and maintenance of ballast
tank coatings6. The need to coat designated “storm” ballast (cargo) tanks7. The need for
(hydrocarbon) gas detection in the ballast, pumproom and void spaces8. Safety concerns
associated with ventilation and access for inspection of the double hull9. The ability to inert the
empty ballast space between the hulls10. Fire safety risks related to empty ballast spaces (air)
surrounding cargo tanks11. Increased construction and maintenance costs12. Loss of intact
stability due to free surface problems on certain double hull designs13. Damaged stability
concerns related to raking damage during a grounding incidentWithout a doubt, the structural
complexity of the space between the hulls is expected to pose significant challenges to
operators over the lifetime of these vessels.MID-DECK DESIGNThe mid-deck design is an
alternative approach to the double hull in which an intermediate oil tight deck essentially creates
an upper and lower cargo tank (Figure 1-5).The basis of this design is a simple concept that
involves placing an oiltight ‘tween deck at about mid-height in the vessel, which results in the
lower tank being located substantially below the waterline of the vessel when fully loaded. In the
event of a breach of the bottom tank the outflow of cargo is minimal based on the fact that the
external seawater pressure on the hull exceeds the head pressure of the cargo in the lower tank.



Therefore, water would enter (press up) the lower cargo tank as opposed to cargo gravitating out
the bottom of the vessel to the sea. Additionally, the wider double sides in this design resemble
traditional wing tanks potentially providing better protection of the marine environment from side
damage to the vessel. Model testing performed by a number of engineering groups worldwide
confirmed the viability of this design in minimizing oil outflow from major damage to the hull.
These findings ultimately led to the acceptance of the mid- deck design by the international
maritime community. In the United States, the Coast Guard cited inexperience with the mid-deck
concept as one of the reasons for not recommending it as an alternative to the double
hull.Another design closely related to the mid-deck is the Coulombi Egg, shown in Figure 1-6.
After several years of evaluation, IMO has also accepted this design as affording a measure of
protection of the marine environment equivalent to that of the double hull. As in the case of the
mid-deck design, however, the United States opposes the idea of equivalence and will not
permit either design into U.S. waters. At this point, the controversy appears to be over as
evidenced by the worldwide acceptance of double hull construction as the standard for the next
generation of tanker.Figure 1-5. The mid-deck design shown here uses hydrostatic pressure to
minimize oil outflow in the event that the cargo tanks are breached. Courtesy Marine Log.Figure
1-6. The Coulombi Egg design.PARCEL TANKERAs consumer demand for chemicals and other
specialty products increased worldwide, the need for vessels designed specifically to transport
these cargoes also expanded. As a quick fix, some owners modified existing product carriers
into what were termed “drugstore” vessels, carrying limited quantities of many different products.
Ultimately, these vessels paved the way for parcel carriers, vessels specially designed and
constructed from the keel up to accommodate the growing market. Figure 1-7 shows one such
vessel, the Stolt Innovation, built and operated by Stolt-Nielsen S.A.Figure 1-8 shows the deck
of an externally framed vessel. This method of construction allows for smooth internal surfaces
within the tanks. Due to the nature of the cargoes transported, parcel tankers are designed to
maintain a high degree of segregation between cargoes. Figure 1-9 shows the complexity of
deck piping on one coastal chemical carrier.Toward the end of the twentieth century, the
demand for parcel tankers increased as the transport of these cargoes by such vessels proved
to be safe and cost-effective while maintaining the highest standards of quality assurance. The
list of different cargoes carried by parcel tankers is exhaustive; however, the rules governing the
safe transport of these cargoes are well defined in the international bulk chemical codes. The
construction and survivability requirements for chemical vessels can be found in U.S. regulation
Title 46 CFR Part 151 (barges) and Part 153 (ships) as well as in the bulk chemical codes (IBC/
BCH) from the International Maritime Organization (IMO). (IBC is the International Code for the
Construction and Equipment of Ships Carrying Dangerous Chemicals in Bulk. BCH is the Code
for the Construction and Equipment of Ships Carrying Dangerous Chemicals.)The marine
environment is afforded three levels of protection against an uncontrolled release of the cargo
resulting from a breach of the cargo tank. Figure 1-10 illustrates the spacing requirements for
Types 1, 2, and 3 containment in the cargo area, as specified in the bulk chemical codes.1.



Type 1 containment provides the maximum level of protection possible when transporting
substances that pose the greatest environmental risk if an uncontrolled release from the vessel
should occur. In addition to the spacing requirements between the side and bottom shown in
Figure 1-10, vessels constructed in accordance with these rules must also be capable of
surviving a certain prescribed level of damage to the hull.2. Type 2 containment is required
when transporting substances that pose a significant hazard to the environment. The spacing
requirements and the survivability requirements of the vessel are less than those for Type I
containment.3. Type 3 containment affords a moderate level of protection. No special spacing
requirements are necessary and the survivability criteria in the event of vessel damage are not
as stringent as those for Type 1 or 2.Figure 1-7. The Stolt Innovation serves in the parcel trade
worldwide. Courtesy Stolt-Nielsen Transportation Group Ltd.Figure 1-8. External framing on
deck. Courtesy Maximillian PaulTo further limit the environmental impact from hazardous
cargoes classified as Type 1 and Type 2, parcel tankers are governed by a limit on the quantity
of cargo that can be carried in any one tank as follows:1. Type 1—maximum allowable cargo
quantity transported in any one cargo tank shall not exceed 1250 m3 (7.862 bbls).2. Type 2—
maximum allowable cargo quantity transported in any one cargo tank shall not exceed 3000 m3
(18,869 bbls).3. Type 3—no limit on the quantity of cargo transported in any one tank.The
chemical codes further classify cargo tanks according to their construction.Independent tanks
are cargo tanks not designed as a part of the hull structure. An example of an independent tank
would be a cylindrical cargo tank installed above the deck. An independent tank is used to
eliminate or at least minimize the forces or stresses that may be working on the adjacent hull
structure. An independent tank is installed in such a manner that it can be moved relative to the
vessel.Integral tanks are cargo tanks that form an essential part of the hull structure and
contribute to the strength of the vessel. Integral tanks are subject to the forces and stresses
experienced by the hull structure as a result of cargo operations and motion of the vessel.
Figures 1-11 and 1-11a illustrate several cargo tank configurations on parcel tankers.Figure 1-9.
Complexity of deck piping on a chemical tanker. Courtesy Christopher Adams.Figure 1-10. The
spacing requirements for Types 1, 2, and 3 containment under the bulk chemical codes.
Copyright © International Maritime Organization (IMO), London.Gravity tanks are those tanks
having a design pressure not greater than 10 pounds per square inch gauge and of prismatic or
other geometric shape where stress analysis is neither readily or completely
determinate.Pressure tanks are independent tanks, whose pressure is above 10 pounds per
square inch gauge and fabricated in accordance with domestic rules.COMBINATION
CARRIERThe USCG defines a combination carrier as any vessel designed to carry oil or solid
cargoes in bulk. They are specially built vessels often referred to as ore/bulk/oil carriers (OBOs)
capable of alternating between carrying oil cargoes and bulk commodities such as iron ore or
coal. Combination carriers can also be adapted to meet the specialized requirements of a
customer such as alternating between the transport of caustic and alumina for the aluminum
industry. The advantages of this design include the ability to carry cargo in both directions during



a voyage and to shift trades as market conditions and freight rates change.Figure 1-11. Cargo
tank layouts of parcel tankers. Copyright © International Maritime Organization (IMO),
London.Figure 1-11a. General arrangement of a parcel tanker.Figure 1-12 illustrates a typical
cross section of an OBO. The design is characterized by large raised hatch openings as well as
a double-bottom and topside ballast tanks for trimming of solid cargoes. Some of the concerns
expressed with this design include damage to the tank coatings and high stresses from the
loading of dry cargoes. Problems also arise in situations where major components of the cargo
system (such as pumps, valves, inert gas systems, and so forth) experience extended periods of
inactivity. To combat these problems, combination carriers require frequent inspection and
ongoing preventive maintenance to ensure the continued reliability of cargo system
equipment.Figure 1-12. OBO: typical section. Reprinted with permission from the International
Safety Guide for Oil Tankers and Terminals (ISGOTT), 4th Edition. Courtesy OCIMF, ICS, and
IAPH.BARGESThe tank barge industry has undergone a renaissance in recent years with the
wave of new double hull vessels entering service. The modern tank barge fleets represent a
safe, cost effective method of transporting vast quantities of bulk liquid cargoes. In the United
States the tank barge industry consists of approximately 3,700 barges that account for the
transport of millions of tons of cargo annually. Tank barges deliver products throughout the
inland waterway system (rivers, lakes, bays, and sounds) of the U.S. as well as in the coastwise
trade. To fully appreciate the role played by the barge industry in the transportation of bulk liquid
cargoes consider the most recent data available from the American Waterway Operators.
(Figure 1-12a)Figure 1-12a. Barge transportation statistics. Courtesy American Waterway
Operators (AWO).These versatile vessels transport the full range of cargoes carried by tank
ships. Figure 1-13 shows a typical plan view of a double hull barge. Most barges are constructed
with a centerline bulkhead and a series of transverse bulkheads that result in a port-and-
starboard cargo tank configuration as seen in Figure 1-13. The number of cargo compartments
found on a barge is generally dictated by the trade of the vessel. Under the Oil Pollution Act of
1990, the barge industry was also confronted with the mandatory replacement of the existing
single hull fleet with double hull vessels. The Crowley Petroleum Service ATB shown in Figure
1-13a is another addition to their expanding coastwise fleet, equipped with the latest advances
in cargo system design. An articulated tug and barge unit such as the Crowley vessel employ a
deep notch and intercon connection unit to lock the tug and barge together providing a safe and
efficient method for operating offshore without the need for a lengthy tow wire (Figures 1-13b
and 1-13c).Figure 1-13. Double hull arrangements. Courtesy OSG America.Figure 1-13a.
Crowley ATB. Courtesy Stacy DeLoach.In addition to this advanced connection system between
the tug and barge, the cargo systems on the newest barges incorporate many state-of-the-art
features, such as:-inert gas generator-nitrogen generator-vapor recovery system-closed
gauging system-segregated ballast system-flexible and highly efficient cargo system-fixed tank
washing system-thermal oil heating systems-automated cargo control system-increased number
of cargo segregationsIt is apparent that versatility is a key element in the design of the next



generation of tank barges giving owners the ability to adjust to changing market conditions and
customer demands. Today’s operators realize they must compete for work in an increasingly
demanding and competitive oil and chemical transportation market.Barges transporting cargoes
other than oil must meet the construction requirements outlined in Title 46 CFR Part 151, which
call for heightened protection of the cargo area from side or bottom damage to the barge. Barge
hulls are categorized according to structural strength, collision and grounding requirements, and
survivability in the event of flooding from specified damage to the hull. The hull types are
categorized in three ways as follows:1. Type 1 barge hulls are designed to carry products which
require the maximum preventive measures to preclude the uncontrolled release of the cargo.2.
Type 2 barge hulls are those designed to carry products which require significant preventive
measures to preclude the uncontrolled release of the cargo.3. Type 3 barge hulls are those
designed to carry products of sufficient hazard to require a moderate degree of control.Figure
1-13b. Deep notch on barge and Intercon connection Courtesy Stacy DeLoach.Figure 1-13c.
Intercon Connector. Courtesy Stacy DeLoach.Figure 1-14. General arrangement drawing of
135,000-barrel, double-hull barge built at Alabama Shipyard. Courtesy Alabama Shipyard
Inc.SPECIAL PURPOSE TANKERSThere are a number of tank vessels that do not fall within the
traditional classification of a commercial tanker. Such vessels are purpose built in a class of their
own based on the needs of the particular operation they serve. Examples of these special
purpose tank vessels include:UNDERWAY REPLENISHMENT TANKERSThe underway
replenishment tanker is specifically designed to serve the needs of the military by providing fuel
for the operation of vessels and aircraft. The vessel seen in Figure 1-14a has a conventional
cargo and ballast tank arrangement below deck in addition to the necessary hoses, rigging and
winches on deck to conduct the refueling of military vessels while underway at sea. The
refueling operation is an “all hands” operation that requires unique planning and coordination by
everyone involved to ensure a safe and efficient operation.Figure 1-14a. Underway
Replenishment with Aircraft Carrier. Courtesy Brian Roscovius.Figure 1-14aa. Underway
replenishment operation with naval vessel. Courtesy Brian Roscovius.FLOATING
PRODUCTION, STORAGE AND OFFLOADING (FPSO) AND FLOATING STORAGE AND
OFFLOADING (FSO)Offshore oil production platforms normally transfer the oil to the mainland
via subsea pipelines or by tanker. When shuttle tankers are employed to move the oil to the
mainland, the oil is typically stored in an FPSO or FSO that is either permanently moored or able
to disconnect.An FSO is often a converted oil tanker that is used to temporarily store the oil prior
to transfer to a shuttle tanker.An FPSO is a floating tank system used to receive oil from nearby
platforms or wells, process the oil onboard and store it until it can be transferred to a shuttle
tanker. (Figure 1-14b)BARRIERSIn the construction of a tank vessel, a physical barrier is
generally required to separate the cargo and non-cargo areas of the vessel. Several approaches
to meet this requirement are outlined in the construction regulations. The most common method
is the use of a void—dead air space, known as a cofferdam—that places two bulkheads
between the cargo and non-cargo areas as seen in Figure 1-15.Alternative methods of



separation include the use of a cargo or ballast pump room, an empty cargo tank, or a tank
carrying a grade E cargo (flashpoint of 150°F and above). This barrier extends the breadth and
depth of the vessel creating the transition between the gas-safe areas of the vessel (the
superstructure and engine spaces) and the potentially hazardous cargo tank area. Several other
design features contribute to this barrier mentality, including the fact that the forward side of the
after house facing the cargo tank area is sealed, and access to the house is limited to doors
located at the side of the superstructure. These changes have improved the safety of the vessel
over earlier designs by enhancing two basic principles of construction: (1) minimizing the
accumulation of flammable cargo vapors in and around the superstructure and (2) separating
the cargo area from potential sources of ignition.Figure 1-14b. FPSO diagram. Courtesy
Gunnernett.Figure 1-15. The physical separation between the cargo and noncargo areas of a
tanker can be seen in this drawing. Copyright © International Maritime Organization (IMO),
London.CLASSIFICATIONTank vessels are usually classified by the trade in which they are
engaged and according to deadweight tonnage.The trade of a vessel is defined by the type of
cargoes routinely carried over a number of voyages. In the tanker industry three broad
categories predominate:1. Crude-oil carriers2. Product carriersClean (gasoline, jet, diesel,
etc.)Dirty (black oils—residual fuel oils, vacuum gas oils, asphalt, etc.)3. Parcel carriers
(chemical/specialty cargoes, etc.)Tankers tend to remain in one trade. However, as market
conditions and customer requirements change, a vessel may move back and forth between
trades during the lifetime of the vessel. To change the trade of a vessel is a substantial
commitment on the part of an owner as extensive cleaning and even modification of the vessel
may be necessary.Tanker personnel often refer to the vessel according to its deadweight
tonnage (dwt). The deadweight tonnage is used as a rough measure of the cargo carrying
capacity of the vessel and is usually expressed in long tons (1 long ton = 2,240 pounds) or
metric tons (1 metric ton = 2,204.6 pounds). The deadweight tonnage of a vessel is defined as
the amount of cargo, fuel, water, and stores a vessel can carry when fully loaded. Tankers are
typically divided into four broad categories as seen in table 1-1 and Figure 1-16.Figure 1-16.
Relative sizes of tankers. Tanker size has increased dramatically since WWII. The top figure
represents a T-2 tanker. Courtesy Exxon.Table 1-1Classification of Tankers According to
Deadweight TonnageCategoryTonnage RangeTradeHandy/Coastal/Parcel/Barge5,000 to
35,000 dwtProduct/parcelMedium35,000 to 160,000 dwtProduct/crude oilVLCCs (very-large
crude carrier)160,000 to 300,000 dwtCrude oilULCCs (ultra-large crude carrier)300,000 dwt and
aboveCrude oilCategoryCategoryTonnage RangeTonnage RangeTradeTradeHandy/Coastal/
Parcel/BargeHandy/Coastal/Parcel/Barge5,000 to 35,000 dwt5,000 to 35,000 dwtProduct/
parcelProduct/parcelMediumMedium35,000 to 160,000 dwt35,000 to 160,000 dwtProduct/
crude oilProduct/crude oilVLCCs (very-large crude carrier)VLCCs (very-large crude
carrier)160,000 to 300,000 dwt160,000 to 300,000 dwtCrude oilCrude oilULCCs (ultra-large
crude carrier)ULCCs (ultra-large crude carrier)300,000 dwt and above300,000 dwt and
aboveCrude oilCrude oilDEVELOPMENT OF THE SUPERTANKERDuring the post–World War



II era, the tanker industry experienced dramatic changes in both the dimensions and the trade
routes of these vessels. The ever popular T-2 tanker of the war years gave way to modern
construction (Figure 1-17) in order to create more economical ways of transporting oil to meet
the growing demands of the industrialized world.Figure 1-17. “State Class” double hull tanker
under construction at the NASSCO yard. Courtesy Ken Wright, General Dynamics NASSCO
staff photographer.Figure 1-18. Lightering operation. Courtesy Abigail Robson.A number of
factors contributed to the rapid increase in tanker size, including the hostilities in the Middle East
that resulted in the closure of the Suez Canal, a choke point for tanker traffic to and from the oil
fields of the Persian Gulf. Nationalization of the oil refineries in the Middle East and fierce
competition among international ship owners all played a role in accelerating the development of
the modern-day supertanker. VLCCs and ULCCs ply the most solitary trade routes of the
oceans, typically loading at offshore platforms or single-point moorings and discharging at
SPM’s, deepwater terminals or by lightering offshore (Figure 1-18).These vessels can enter only
a limited number of ports in the world when fully loaded and therefore remain at sea for
extended periods of time, a typical voyage often taking seventy to seventy-five days.REVIEW1.
Define the term “tank vessel.”2. What is the effect of free surface on a vessel?3. How can the
effects of free surface be reduced or eliminated?4. Describe the method of construction of
single-hull tank vessels.5. The Oil Pollution Act of 1990 mandates double hulls for new
construction. What are the minimum spacing requirements between the hulls? List some of the
concerns associated with the double hull design.6. Draw a cross section of a mid-deck tanker
and explain the method employed to reduce oil outflow in the event of a casualty (grounding/
collision).7. In the transport of hazardous chemicals, explain the requirements for Types I, II,
and III containment.8. In the construction of a modern tanker, the cargo and non-cargo areas of
the vessel must be physically separated through what means?9. List three factors that
contributed to the development of the modern supertanker.10. List the various trades in which a
tank vessel is typically engaged.CHALLENGE QUESTIONS11. The absence of a centerline
bulkhead on certain double hull tankers resulted in the loss of intact stability during cargo and
ballast operations. Why?12. List three concerns associated with the double hull method of
construction.13. The ________________ design attracted the most interest as a likely
alternative to the double hull method of construction mandated by the Oil Pollution Act of
1990.14. Describe the various ways one might detect that cargo has migrated into the empty
ballast space of a double hull tanker.15. In the event of a collision in which the cargo tank
boundary is breached (inner hull), describe your actions to limit the spill and safeguard the
vessel.CHAPTER 2Cargo CharacteristicsRICHARD BEADON AND MARK HUBERNumerous
potential hazards are associated with the seagoing transport of bulk liquid cargoes. To minimize
those risks it is imperative for the person-in-charge (PIC) to have a keen understanding of the
physical properties of the cargo being transported. Experience has shown that a thorough
working knowledge of the cargo is vital to intelligent decision-making with respect to safe
carriage as well as to efforts to maintain quality assurance. Improper transfer procedures,



stowage, and care of the cargo have all factored into incidents that resulted in harm to personnel
and damage to vessel, cargo, and the environment. This chapter seeks to address the main
characteristics and hazards presented by the cargo as it relates to the role of the vessel PIC.
Many of the properties and hazards discussed in this chapter apply to all bulk liquids. However,
due to their special nature, liquid chemicals may present significantly different characteristics
and hazards.BULK LIQUID CARGOESTank vessels transport a wide variety of liquids in bulk
(unpackaged). These fall under three broad classifications: petroleum liquids, chemical liquids,
and special liquids.Petroleum LiquidsPetroleum liquids consist of naturally occurring crude oil
and the various products derived (refined) from this raw material, including the
following:GasolineKeroseneResidual fuel oilFuel oilJet
fuelAsphaltDieselLubricantsCokeResidual fuel oilAsphaltChemical LiquidsA liquid chemical is
any substance used in, or obtained by, a chemical process. There are literally hundreds of
different chemicals transported by tank vessels. These substances are derived from many
sources and have diverse characteristics. They may be categorized as organic or inorganic
chemicals. Table 2-1 shows a sampling of each.Table 2-1Chemical LiquidsOrganic
ChemicalsInorganic ChemicalsAromatic hydrocarbonsBoric acidVinyl chlorideSulfuric
acidAcetonePhosphoric acidAcetic acidCaustic sodaStyrene monomerHydrochloric
acidAcrylonitrileMolten sulfurSpecial LiquidsLiquid substances other than those classified as
petroleum or chemical are described as special liquids. Table 2-2 shows some examples.Table
2-2Special LiquidsAnimal/Vegetable OilsMiscellaneous LiquidsPalm oilFreshwaterSoybean
oilBeerSunflower oilWineOther vegetable oilsAnimal oilsTallow and
greasesMolassesPROPERTIES OF PETROLEUMCrude oil and the products derived from the
raw material are considered petroleum liquids. Crude oil is a mixture of a wide range of long-
chain hydrocarbon molecules. A hydrocarbon molecule is essentially one or more hydrogen
atoms linked with one or more carbon atoms, hence the term hydrocarbon. The composition of
crude oil varies widely (paraffins, naphthenes, or aromatics) depending on its geographic
source. Crude oil can be described as either “heavy” or “light” based upon its specific gravity.
The number of carbon atoms in the hydrocarbon molecule influences the specific gravity of a
crude oil. The greater the number of carbon atoms in a molecule, the heavier the molecule will
be.A compound is a chemical substance made up of two or more elements bonded together
and not separable by physical means. Crude oil is a mixture of hydrocarbon compounds ranging
from those that are partly gaseous under normal atmospheric conditions to those that are liquid
or solid. Also present are traces of nitrogen, sulfur, oxygen, and metals. Crude oils containing
sulfur compounds such as hydrogen sulfide are known as sour crudes and are characterized by
a vile and nauseating rotten-egg odor.The refining process involves separating the various
hydrocarbon compounds in crude oil into groups or fractions of compounds having similar
boiling point ranges. A number of methods are used in the refining process including the
following:Distillation, or physical separation, consists of boiling off the crude oil and splitting it
into a number of fractions.Cracking is a chemical conversion that results in splitting the heavier



fractions into lighter fractions. Each fraction has its own boiling point and a unique set of physical
properties.Purification is the process of removing certain impurities (such as sulfur) from the
petroleum products during the refining process.FLAMMABILITY CHARACTERISTICS OF BULK
LIQUID CARGOESThere are serious fire risks associated with the transport of petroleum and
certain chemical cargoes; hence a discussion of these characteristics is in order. To enable the
PIC to judge the degree of risk, most cargoes are categorized according to their flammability.
Following is a review of some basic terms used in the classification of cargoes:Volatility: In a fire
involving a flammable liquid, the vapor that is given off by the liquid burns, not the liquid itself.
Therefore, the flammability of a liquid cargo will depend primarily on the ability of the liquid to
produce flammable vapor. Volatility is a term used to describe the tendency of oils or chemical
products to produce flammable vapor. To assist the PIC, there are a number of ways of
expressing the volatility of a liquid.True vapor pressure (TVP): Vapor pressure indicates the
volatility of a liquid. For example, when a petroleum (liquid) cargo is loaded into a tank, it will
begin to vaporize into the space above. When the vapor and liquid in the space reach
equilibrium, the pressure exerted on the liquid is its true vapor pressure. The true vapor pressure
of a petroleum liquid will vary due to differences in composition and temperature; consequently
another method of expressing the vapor pressure is employed—the Reid vapor pressure
(RVP).Reid vapor pressure (RVP): Reid vapor pressure is the measured vapor pressure that
results when a sample of liquid in a closed container is heated to a standard temperature of
100°F (37.8°C). It is determined in a standard laboratory experiment using Reid testing
apparatus. This test is of practical value to the PIC as it replicates the conditions that may exist
during transport of a cargo at sea. It does so by providing an indication of the behavior of a
particular cargo in the sealed tanks of a vessel when subjected to changing ambient (sea and
air) temperatures. Reid vapor pressure is used in the classification of flammable liquids, as
shown in table 2-4.Flash point: Another term frequently encountered in the classification of
liquids is flash point. The flash point of a flammable liquid is the lowest temperature at which the
liquid gives off sufficient vapor to form an ignitable mixture near its surface. This mixture of vapor
and air is ignitable by an external source of ignition, but the rate of vaporization is usually
insufficient to sustain combustion.Fire point: The fire point of a flammable liquid is the lowest
temperature at which the liquid will produce sufficient vapor to ignite and continue to burn. This
temperature is higher than the flash point of a liquid. The principal use of the terms flash point
and fire point is to indicate the relative fire hazard associated with different products.Autoignition
temperature: The autoignition point of a liquid is the lowest temperature at which sustained
combustion will occur in a liquid without the application of a spark or flame (external source of
ignition). This temperature is above the fire point of a liquid.Flammable limits: A liquid cannot
burn unless it emits flammable vapors. In order to burn, the correct proportions of oxygen, vapor,
and heat must be present. The flammable vapor of a liquid must therefore mix with air in the
proper proportions to form an ignitable mixture.Lower explosive limit (LEL) or lower flammable
limit (LFL): The lower explosive limit is the smallest percentage of vapor in air that will form an



ignitable mixture (point C in Figure 2-1). If the concentration of vapor is below the LEL, the
mixture is considered “lean” and will not support combustion.Figure 2-1. Flammable range
diagram. Reprinted with permission from the International Safety Guide for Oil Tankers and
Terminals (ISGOTT), 5th edition. Courtesy OCIMF, ICS and IAPHUpper explosive limit (UEL) or
upper flammable limit (UFL): The upper explosive limit is the greatest percentage of vapor in air
that will form an ignitable mixture (point D in Figure 2-1). If the percentage of vapor present
exceeds the UEL, the mixture is considered “rich” and will not support combustion.Flammable
range or explosive range: The flammable or explosive range diagram in Figure 2-1 illustrates all
the possible combinations of vapor in air (between the upper and lower flammable limits) that
form an ignitable mixture. Mixtures of hydrocarbon vapor and air that lie outside the flammable
range (shaded area in the curve) will not support combustion. In the case of oil cargoes, if the
hydrocarbon concentration is below the lower explosive limit, there is insufficient vapor to
support combustion. Conversely, if the hydrocarbon concentration is above the upper explosive
limit, there is insufficient air to support combustion.Table 2-3Typical Flammable Limits of Sample
CargoesProductLELUELRangeCrude (average)1.0%10.0%9.0%Gasoline1.3%7.6%6.3%Kerose
ne0.7%6.0%5.3%Benzene1.4%8.0%6.6%Ethylene
oxide2.0%100.0%98.0%Ammonia15.5%27.0%11.5%Naphtha0.9%6.7%5.8%Source: United
States Coast GuardThe flammable limits can vary substantially for different petroleum and
chemical cargoes. Table 2-3 lists the typical limits of flammability for several cargoes. To
determine the flammable limits of a particular cargo, consult the data sheets or the laboratory
analysis of the cargo.Vapor density: Vapor density is the ratio of the weight of a vapor or gas with
no air present compared to an equal volume of air at the same temperature and pressure. The
vapor density of a liquid can only be accurately determined in a standard laboratory experiment.
A vapor density of 1 indicates that the gas weighs the same as that of an equal volume of air.
Values less than 1 indicate that the gas is lighter than air and will tend to rise. Values greater
than 1 would indicate that the gas is heavier than air and would tend to settle.An understanding
of vapor density is important because most petroleum cargo vapors are heavier than air and will
settle in lower regions of a tank or pump room. This is an important consideration when
determining the method and adequacy of testing an atmosphere for the presence of cargo
vapors.Vapor density is also an important element that contributes to the accumulation of
flammable vapors on deck and around the superstructure while tanks are venting during a
loading operation.AVOIDANCE OF THE FLAMMABLE RANGETo enhance the overall safety of
transporting flammable cargoes, many tank vessels are equipped with inert gas systems (see
chapter 16 for a detailed discussion). The purpose of this system is to maintain the atmosphere
of the cargo tanks in a nonflammable condition throughout the voyage cycle (operating life) of
the vessel. This is achieved through the use of a gas or a mixture of gases that is deficient in
oxygen and therefore incapable of supporting combustion. Although the atmosphere of a tank
may contain flammable vapors in varying concentration, there can be no fire or explosion if the
tank is starved of oxygen.A properly inerted cargo space is any compartment with an



atmosphere containing 8 percent or less oxygen by volume and maintained under positive
pressure. The application of an inert gas system during a typical voyage can best be illustrated
relative to a flammable range diagram (Figure 2-1). The goal of this system is to prevent the
atmosphere of the cargo tanks from ever entering the flammable range.Voyage Cycle (Inert Gas
Cycle)A convenient starting point for this discussion is a vessel in the shipyard with the entire
cargo system clean and gas free (see chapter 15 for a discussion of the gas-free state). As
shown in the flammable range diagram (Figure 2-1), the atmosphere of the cargo tanks would
likely be found near position A with an oxygen content of 21 percent by volume and a reading of
less than 1 percent of the LEL on a combustible-gas indicator. Prior to departing the yard or
while en route to the first loading port, the inert gas system is operated to carry out the primary
inerting of the cargo tanks. With vents open, the fresh air is driven out of the cargo tanks and
replaced with good quality inert gas. The net effect of this operation is to lower the oxygen
content of the atmosphere in the cargo tanks. Primary inerting is illustrated in Figure 2-1 by
moving to the left along the horizontal axis from point A until the atmosphere reaches 8 percent
or less oxygen by volume. It should be noted that as the oxygen content of a space is lowered,
the range of flammability for most petroleum products decreases progressively until it terminates
at about 11 percent oxygen by volume.At the loading port, cargo entering the empty tanks will
start to displace the inert atmosphere. Due to the turbulence of the loading operation, flammable
cargo vapors are generated, resulting in the atmosphere moving up the vertical (hydrocarbon)
axis of the flammable range diagram toward point F. There is no material change in the oxygen
content provided a positive pressure is maintained within the space, thereby preventing the
ingress of air. At the completion of the loading operation, the atmosphere above the cargo in the
topped-off tank(s) is likely to be a rich mixture, yet still in an inert state.During the sea passage to
the discharge port, the oxygen content and tank (deck) pressure should be monitored. Some
operators have reported a significant increase in the oxygen content of the atmosphere of
inerted cargo tanks during the loaded passage. The only cause that could be attributed to the
oxygenation of the atmosphere involved a characteristic of the cargo. Upon leaving the dock at
the loading terminal, the vessel cargo tanks were reported to have a measured oxygen content
of 5% by volume, and upon arrival at the discharge terminal the oxygen content was found to be
between 14% and 15% by volume. Also, due to the fact that liquid cargoes expand and contract
with changes in sea and air temperature, significant fluctuations in the tank (deck) pressure
occur during the voyage. If, for example, the deck pressure rises as a result of increasing
ambient temperatures, it may be necessary to vent off the excess pressure. Conversely, when
colder temperatures and a corresponding drop in tank (deck) pressure are encountered, it may
be necessary to start the inert gas system and top up the pressure in the tanks. Topping-up is
defined as the introduction of inert gas into a tank already in the inert condition with the object of
increasing the tank pressure to prevent any ingress of air.Upon arrival at the discharge port, the
inert gas system is started and operated for the duration of the cargo discharge. Inert gas is
delivered to the tanks to replace the cargo being discharged. To ensure that positive pressure is



maintained, the inert gas supply must exceed the cargo discharge rate. During the discharge
operation (Figure 2-1) the hydrocarbon concentration of the atmosphere will drop as the cargo
vapors are diluted with inert gas. Thereafter, during each successive load and discharge, the
tank atmosphere moves up and down the vertical (hydrocarbon) axis. This vertical change is
acceptable provided oxygen (air) is not introduced into the space, possibly compromising the
inert status of the tank or vessel.If a problem should develop at the discharge port, this may
necessitate a return to the shipyard. During the ballast trip it may become necessary to prepare
the cargo tank(s) for entry by personnel. The tank or tanks should be water-washed in
accordance with recommended guidelines while maintaining an inert condition. Following the
wash, the tanks are purged with inert gas prior to ventilation with air.PURGINGPurging is the
introduction of inert gas into a tank that is already in an inert condition with the object of reducing
the hydrocarbon concentration to a point where subsequent ventilation with fresh air will not
result in the creation of a flammable atmosphere. The purging process is illustrated in Figure 2-1
by moving from point F to point H.Safe industry practice dictates that purging of a tank should
continue until the hydrocarbon concentration of the space is 2 percent or less by volume as
determined by using a suitable hydrocarbon analyzer.Upon completion of purging, the space is
ventilated with air using portable fans or the inert gas system in the gas-free mode. Ventilating
with air at this point further reduces the hydrocarbon concentration while increasing the oxygen
content of the space. The ventilation process continues until the atmospheric tests reveal a
return to safe readings (21 percent oxygen by volume and less that 1 percent LEL on a
combustible-gas indicator). The process of ventilating the tank with air is shown in Figure 2-1 by
moving from point H to point A.It is important to realize that avoidance of the flammable range in
this way is the expectation of the transportation industry and is only possible if the operator
thoroughly understands the use of the inert gas system.CLASSIFICATION OF
PETROLEUMPetroleum liquids are classified in many ways throughout the world. The following
information addresses two common approaches.International ClassificationIn many safety-
related rules and regulations, petroleum cargoes are broadly classified as volatile liquids and
nonvolatile liquids.Volatile liquids: Petroleum liquids that have closed-cup flash points below
140°F (60°C) are considered volatile. Over the normal range of ambient temperatures
encountered during transport, cargoes in this category are capable of producing gas/air
mixtures within and above the flammable range. For this reason, volatile cargoes are frequently
transported in a tank with a controlled (inerted) atmosphere.Nonvolatile liquids: These are
petroleum products that have closed-cup flash points of 140° F (60° C) and above. Over the
normal range of ambient temperatures encountered during transport the atmosphere above
these cargoes (headspace) typically contains gas concentrations below the lower flammable
limit. Cargoes in this category include residual fuel oils and diesel oils. Due to other properties
associated with these cargoes, however, the application of heat is often necessary during the
voyage. Caution must be exercised with heated cargo, as the creation of a flammable
atmosphere is possible if it is heated to or near the flash point.United States Coast Guard



ClassificationThe United States Coast Guard (USCG) separates petroleum liquids into two
categories: flammable and combustible.Flammable liquids: Liquids that have an open-cup flash
point at or below 80°F (26.7°C) are classified as flammable liquids.Combustible liquids: Liquids
that have an open-cup flash point above 80°F (26.7°C) are classified as combustible liquids.The
flammable and combustible liquids are subdivided into grades based on their flash points and
Reid vapor pressures. Tables 2-4 and 2-5 show the USCG classification system contained in
Title 46 CFR Parts 30.10.15 and 30.10.22.Table 2-4USCG Classification of Flammable Liquids
Flash Point at or below 80°F (26.7°C)GradeFlash PointReid Vapor PressureExamplesA80°F or
below14 psi and aboveNatural gasoline, naphthaB80°F or belowMore than 8.5 but less than 14
psiMost commercial gasolineC80°F or below8.5 psi and belowMost crude oilsAviation
gasolineTable 2-5USCG Classification of Combustible Liquids Flash Point above 80°F
(26.7°C)GradeFlash PointReid Vapor PressureExamplesDAbove 80°F but below 150°FN/
AKeroseneCommercial jet fuelsE150°F and aboveN/AHeavy fuelLube oilsAsphaltCARGO
WEIGHT, CAPACITY, AND FLOWTo plan the loading of a liquid cargo into a tank vessel, it is
necessary to know the unit weight of the cargo and the amount of space it will occupy. Once a
cargo has been loaded into a tank, it is then necessary to determine the quantity in the tank. At
the discharge port, it is necessary to again determine the quantity of cargo onboard prior to the
discharge.The safe, efficient, and accurate determination of the quantity of cargo in the vessel’s
tanks is a key responsibility of the PIC. The quantity of cargo is an important factor for proper
accounting (billing); for cargo calculation (determining draft, trim, and stress in order to ensure
the vessel is not overloaded); and for calculation of transfer rates. The PIC should therefore be
familiar with the following terms relating to volume and weight, as they are used in conjunction
with the transport of liquid cargoes in bulk.DensityThe density of a substance is the weight per
unit volume at a standard temperature of 60°F (15.6°C). The density of a liquid is expressed in
ounces per cubic foot. For example, at a standard temperature of 60°F (15.6°C), the density of
freshwater is 1,000 ounces (62.5 lbs) per cubic foot and the density of salt water is 1,025 ounces
(64.06 lbs) per cubic foot.If the density and volume of a liquid are known, the weight of the
volume occupied by the liquid can be found by using the following formula:Weight = Volume ×
DensityIf the weight and volume of the liquid are known, then the density can be found by
transposing the formula:Density = Weight / VolumeSpecific Gravity (SG)The specific gravity
(SG) of a substance is the ratio of a given volume of a substance at a standard temperature of
60°F (15.6°C) to the weight of an equal volume of freshwater at the same temperature. For
example:If the density of a liquid is known, it can be converted into specific gravity by dividing its
density by the density of freshwater.API GravityAPI gravity is an arbitrary scale developed by the
American Petroleum Institute and used in the transportation industry as an alternative means of
expressing the weight of a measured volume of a liquid.The API gravity of a liquid is expressed
in a scale of degrees API at a standard temperature of 60°F (15.6°C). Freshwater has an
arbitrary gravity of 10 degrees. Liquids lighter than freshwater have an API gravity greater than
10 and liquids heavier than freshwater have an API gravity less than 10.For information



purposes, the API gravity is derived using the following formula:API gravity in degrees=(141.5/
Specific gravity @ 60°F) – 131.5Determination of Density, Specific Gravity, and API GravityA
hydrometer is one of the instruments commonly used to measure density. Hydrometers are
calibrated to measure density in ounces; however, those that measure API gravity are marked in
degrees API. To obtain the specific gravity of a liquid, a density hydrometer is used and the
reading is divided by 1,000 (the density of freshwater).To obtain the density/API gravity of cargo
in a tank, a sample is drawn and the appropriate hydrometer used. Due to the fact that liquid
cargoes expand or contract with changes in temperatures, the reading obtained is the density/
API gravity of the liquid at which the sample was tested. Therefore, it is essential to take a
temperature reading of the sample to accurately calculate the density or API gravity.Units of
MeasureTable 2-6 shows the typical units of measure used in the transportation industry.Table 2–
6Units of MeasureUnitMeasure1 barrel42 gallons (US)1 cubic meter6.2898 barrels1 ton metric
(tonne)1,000 kilograms (2,204.6226 pounds)1 ton (long)2,240 pounds (1,016.0469 kilograms)1
gross barrel42 gallons at actual temperature in the tank1 net barrel42 gallons adjusted to
standard temperature of 60°FViscosityViscosity is a measure of the internal friction of a liquid or
its resistance to flow. It is an important consideration when determining the pumpability of a
liquid cargo. The viscosity of a liquid changes with different temperatures. For example, as the
temperature of a liquid increases, the viscosity decreases. For efficient loading and discharging
of the vessel, the PIC should be aware of the optimum viscosity of the cargo. This value is useful
in determining the heating requirements of a cargo and the proper temperatures to be
maintained during cargo transfer and in transit.There are many standards for expressing
viscosity. Controlled laboratory experiments are used to determine the viscosity of a liquid. In
one method, Saybolt Seconds Universal (SSU), viscosity is measured by the time in seconds
that it takes for a liquid at a prescribed temperature to drain from a standard viscosimeter. This
information is typically derived from a laboratory analysis report of the cargo.Pour PointThe pour
point of a liquid is the lowest temperature at which the liquid will remain fluid. It is expressed as a
temperature either in degrees Fahrenheit or Celsius. The PIC should be mindful of this
temperature when transporting cargoes with elevated pour points. Examples of such cargoes
include residual fuel oils, vacuum gas oils, wax, and asphalt. During transport, the cargo
temperature in the tanks should be closely monitored and the heating system adjusted to
maintain the recommended temperature. To avoid possible solidification of the cargo, the
temperature should never be allowed to approach the pour point of the substance.Cloud
PointThe temperature below which sludge deposition can be expected in the cargo tanks. In the
case of certain crude oils that require the application of heat it represents the temperature at
which the paraffin wax in the crude separates from the liquid phase of the cargo.TOXICITY—
MEASUREMENT AND REGULATIONSToxicity refers to the poisonous nature and potential
health risks associated with a particular substance. The toxicity of a substance is difficult to
measure and is subject to revision as more detailed information about the ramifications of
exposure become available. The threshold limit value–time weighted average provides a



convenient indicator of the relative toxicity of gases and assists individuals in reducing health
risks. Studies performed on animals and extrapolated for the human body form the basis of
rating toxicity levels.Threshold Limit Value–Time Weighted Average (TLV-TWA)The threshold
limit value–time weighted average (TLV-TWA) is a designation established by the American
Conference of Governmental and Industrial Hygienists (ACGIH) for various substances. These
designations are used as recommended guidelines in the workplace; they are subject to review
and may be updated annually, in which case the results will be published in ACGIH publications.
The term threshold limit value–time weighted average (TLV-TWA) is used in the transportation
industry to express the toxicity of vapors from a substance. The TLV-TWA of a substance is
usually expressed as the number of parts per million (ppm) by volume of vapor in air.According
to ACGIH, “Threshold Limit Values refer to airborne concentrations of substances and represent
conditions under which it is believed that nearly all workers may be repeatedly exposed day after
day without adverse health effects.” When expressed as a time weighted average, the
concentration is considered over a normal eight-hour workday and a forty-hour
workweek.Permissible Exposure Limit–Time Weighted Average (PEL-TWA)The permissible
exposure limit (PEL) of a substance is a designation used by the Occupational Safety and
Health Administration (OSHA) and the United States Coast Guard (USCG). The PEL represents
a regulatory value (as opposed to a recommended guideline) that must not be exceeded in the
workplace. For example, the PEL-TWA for cargoes covered by the benzene regulation is 1
ppm.Threshold Limit Value–Short-Term Exposure Limit (TLV-STEL)The threshold limit value–
short-term exposure limit (TLV-STEL) defines the concentration of a substance to which workers
can be exposed continuously for a short period of time, provided that the daily TLV is not also
exceeded.The STEL is a fifteen-minute time weighted average exposure that should not be
exceeded at any time during the workday, even if the eight-hour time weighted average is within
the TLV.Exposures at the STEL may not be longer than fifteen minutes and cannot be repeated
more than four times per workday. There must also be at least sixty minutes between successive
exposures at the STEL.Threshold Limit Value–Ceiling (TLV-C)The threshold limit value–ceiling
(TLV-C) is the maximum concentration of vapor in air, expressed as either a TLV or PEL, that
must not be exceeded even for an instant. In situations when there is no established ceiling limit,
the TLV-STEL is used.Immediately Dangerous to Life or Health (IDLH)The designation IDLH
(immediately dangerous to life or health) was established by the National Institute for
Occupational Safety and Health (NIOSH), an agency of the Public Health Service.IDLH is
defined by NIOSH as a condition “that poses a threat of exposure to airborne contaminants
when that exposure is likely to cause death or immediate or delayed permanent adverse health
effects or prevent escape from such an environment.”The practical application of the IDLH
designation is to provide a basis for the selection of an appropriate respirator.Odor
ThresholdExpressed in parts per million by volume in air, the odor threshold is the smallest
concentration of a gas that can be detected by most individuals through the sense of smell.It is
not an absolute value as it can vary considerably among individuals. Some odors are also



capable of deadening the sense of smell. It is therefore not advisable to rely on the sense of
smell as an indicator of the presence of a dangerous vapor.Knowing the odor threshold of a
toxic substance is important. If, for example, a liquid has a TLV-C of 20 ppm and an odor
threshold of 50 ppm, by the time an individual detects the presence of this substance by the
sense of smell, harmful exposure has already occurred.Given the number of different liquid
cargoes transported on tank vessels, it is not possible for one person to know all the details
concerning a particular product. It is a daunting task to become familiar with all the products a
PIC might be expected to handle and transport; therefore, it is vital that the PIC know where to
turn for accurate, reliable information.Toxicity—Effect on PersonnelPoisoning by toxic liquids can
occur through one or more of the following three methods: (1) ingestion, (2) skin contact, and (3)
inhalation.INGESTIONThe risk of swallowing petroleum or chemical liquids in normal day-to-day
operations should be minimal provided individuals always exercise good hygiene. To minimize
exposure through ingestion, personnel should be reminded to wash hands thoroughly before
meals and never to eat or drink on deck. If accidental ingestion does occur, guidance can be
found in the MSDS or cargo information cards. Medical assistance should be sought
immediately.SKIN CONTACTWith most petroleum products, skin contact can cause irritation
and lead to dermatitis. Contact with the eyes and skin can be particularly dangerous when
handling corrosive cargoes such as caustics or acids. Personnel should always wear protective
clothing and eye protection when there is a risk of exposure through physical contact (splash
hazard). The MSDS gives recommended precautions for minimizing exposures. If a toxic or
corrosive liquid comes into contact with any part of the body, guidance can be found in the cargo
information sheets.INHALATIONThe inhalation of cargo vapors has long been recognized as
one of the leading hazards of exposure for workers on deck. Cargo vapors are pervasive and
therefore difficult to control. The effect of inhalation of petroleum vapors on an individual can
vary from imperceptible to obvious signs of impairment. The acute, short-term effects of
exposure to petroleum products can include headache, euphoria, eye irritation, nose and throat
irritation, loss of orientation, dizziness, and a drunken appearance. Continued exposure to high
concentrations may lead to paralysis and possibly death.The toxicity of petroleum and chemical
cargoes varies widely depending on the makeup of the substance. The presence of some
constituents in the cargo such as benzene, lead, and hydrogen sulfide can pose a significant
threat to individuals. As already discussed, the TLV provides an indication of the level of
exposure to a toxic substance that is acceptable during a typical workday over an indefinite
period of time. The STEL is an indication that the human body can tolerate concentrations
greater than the TLV for short periods, typically no more than fifteen minutes.The odor of
cargoes varies greatly and, in some cases, can fool an individual’s sense of smell. Also, with
some products, the odor threshold may be much higher than the TLV. In this case, harmful
exposure may occur before the individual starts to smell the cargo vapor. The impairment of
one’s sense of smell is especially serious if the mixture contains hydrogen sulfide. Because of
these inherent dangers, the PIC should never take the absence of smell as an indication of the



absence of gas, but should always test for toxicity, be aware of the TLVs, and follow the proper
entry procedures for enclosed spaces such as cargo tanks.SOURCES OF CARGO
INFORMATIONThere are various sources of information regarding the physical properties and
hazards of cargoes. The need for current, accurate cargo information is essential for the safety
of those involved in the transport of bulk liquid cargoes. Some of the more common sources of
cargo specific information available to the person-in-charge include the following:• Material
Safety Data Sheets (MSDS) produced by the manufacturer of the substance (see Appendix A
on enclosed disc).• Chemical Data Guide for Bulk Shipment by Water (former CG-388), Figure
2-2, and Chemical Hazards Response Information System (CHRIS), Figure 2-3, from the United
States Coast Guard. As of this writing, the United States Coast Guard has revised the CHRIS
database and made it available to the public in a number of ways: CD-ROM, the Internet (), and
in hard copy. The CD-ROM contains physical, chemical, toxi-cological, and combustion
properties for over 1,300 chemicals and mixtures in addition to pollution response and
regulatory information. In the event that the listed sources of information do not address the
substance being handled or transported, in an emergency, the PIC should contact CHEMTREC
or the National Response Center.• Tanker Safety Guide Data Sheets from the International
Chamber of Shipping (ICS)Figure 2-2. Excerpt from Chemical Data Guide for Bulk Shipment by
Water (former CG-388). Courtesy United States Coast Guard.Figure 2-3. Excert from the
Chemical Hazards Response Information System (CHRIS). Courtesy United States Coast
Guard.• Chemical Codes (Summary of Minimum Requirements) from the International Maritime
Organization (IMO)• Code of Federal Regulations (CFR) from the United States government•
Pocket Guide to Chemical Hazards from the National Institute for Occupational Safety and
Health (NIOSH)The information provided is of particular relevance to individuals responsible for
the safe transfer and transport of bulk liquid cargoes. The person-in-charge should not only have
ready access to this information but should also possess a thorough understanding of the
characteristics of the substances being handled. Toward that end, the following list summarizes
the various categories addressed in a typical material safety data sheet:Cargo identification and
emergency informationComponents and hazard informationPrimary routes of entry and
emergency and first aid proceduresFire and explosion hazard informationHealth and hazard
informationPhysical dataReactivityEnvironmental informationProtection and
precautionsTransportation and OSHA label informationA sample MSDS for commercial gasoline
from ConocoPhillips can be found in Appendix A.HAZARDSThe following list shows the main
hazards associated with the handling and carriage of bulk liquid cargoes:Fire and
explosionStatic electricityToxicityOxygen deficiencyReactivityCorrosivityFire and
ExplosionTremendous strides have been made in the design of tankers to improve the safety of
personnel and of the vessel. One of the primary areas of attention in the design of a modern
tanker is fire safety.HAZARDOUS AREAS OF THE VESSELHistorically, efforts to reduce the risk
of handling and transporting flammable cargoes have focused on the elimination of ignition
sources from those areas of the vessel where the existence of a flammable atmosphere was



likely. This led to the identification and designation of certain areas of the vessel as potentially
hazardous zones.As an additional safeguard, many tank vessels are now equipped with inert
gas systems. The use of this safety system has greatly improved the fire-prevention measures in
the tanker industry. As previously discussed, operators must have a thorough understanding of
inerting procedures to realize the full benefit of this system. The hazards and precautions
summarized in this section address the safe carriage and handling of petroleum and chemicals.
For the purposes of fire prevention, a tank vessel can be divided into the following
areas:Location of flammable atmospheres: These are areas such as non-inerted cargo tanks,
pump rooms, deckhouses, vent stacks, cargo and vapor manifolds, and others where the
existence of a flammable atmosphere is possible.Two general precautions cover the main
methods of fire prevention in these areas:1. Eliminate all sources of ignition:Smoking and open
flamesPortable electrical equipment and nonapproved flashlightsNon-intrinsically safe electronic
equipment (radios, cameras, etc.)Hot workUse of power and hand toolsElectrostatic
discharges2. Maintain the atmospheres outside the flammable range, either by removing the
hydrocarbon content (gas-freeing) or by reducing the oxygen content to 8 percent or less by
volume (inerting).Areas containing heat and ignition sources: These are working spaces such as
machinery and boiler spaces, galleys, and so forth, that contain electrical equipment and other
sources of heat and ignition. The main method of fire prevention in these areas is to keep them
free of flammable vapors.Living areas: Crew accommodation areas are normally free of
flammable vapors but contain combustible material such as furniture, linen, paper, and more.
The main method of fire prevention in these areas is to keep ignition sources to a
minimum.Pumprooms: The cargo pump room is a small, complex space that contains a large
concentration of piping and equipment. Any leakage of volatile liquids has the potential to
generate flammable and/or toxic atmospheres. A pump room may also contain a number of
potential ignition sources such as lighting, tools, electrical equipment, and mechanical
equipment. Personnel should also include the following checks as precautions against fire and
explosion:Ensure that forced draft ventilation is operating and entry procedures are followed
whenever the pump room is entered. (see Chapter 15)Make frequent rounds to find potential
sources of cargo leaks, flammable vapors, and ignition.Ensure that pumproom bilges are clean
and dry.Cargo Tanks: The prevention of fire and explosion in the cargo area of the vessel is
accomplished by the following:Maintaining an inert atmosphere in the cargo and slop tanks at all
times unless they are gas freeMaintaining a positive deck pressure in the inerted tanks to
prevent the ingress of airEliminating all possible sources of ignitionElectrostatic HazardsStatic
electricity is a potential fire and explosion risk when handling certain types of petroleum and
petrochemical cargoes. In some operations, the electrical charge generated is capable of
igniting flammable vapors such as those found in the atmosphere of a non-inerted cargo
tank.CAUSESThe sequence necessary for the development of a static electricity hazard
involves (1) charge generation, (2) charge accumulation, and (3) electrostatic discharge.The
generation of static electricity occurs at the interface of dissimilar materials. These interfaces



may be between two solids, between solids and liquids, or between liquids and liquids. If the two
materials are separated by some mechanical action, one will carry an excess of positive charge
and the other an excess of negative charge. The separated charges typically recombine to
neutralize each other.If one of the materials is a poor conductor of electricity, recombination will
be limited and a difference in charge (electrical potential) will exist between the two bodies.
These electric charges can accumulate and may equalize in the form of an electrical discharge.
If these electrical discharges generate a sufficient amount of heat, they can ignite flammable
vapors. In cargo operations, charge separation occurs in many ways:Friction caused by the flow
of petroleum liquid through extensive piping systems, strainers, and filtersPetroleum and water
mixtures in the cargo tanksSplashing or agitation of petroleum liquids such as flow through a
nozzleWhen handling a static accumulator (poor conductor of electricity), the material must be
given ample time for the separated charges to recombine. In practice, this is known as the
relaxation time during which an accumulated charge will have an opportunity to dissipate. If the
material has a high conductivity (good conductor of electricity), the recombination occurs quickly
and offsets the accumulation of separated charges. Consequently, there is little generation of
static electricity by materials that are good conductors. Examples are metals and water
solutions, including seawater, that are incapable of holding a charge unless insulated. Oils in this
category include crude oils, residual fuel oils, and asphalt.Static accumulators are characterized
as having low conductivity; they require a longer relaxation time before the charge ultimately
dissipates to earth. In this case, more static electricity accumulates, increasing the possibility of
an electrostatic discharge that could ignite a flammable atmosphere. Examples of known static
accumulators include gasoline, naphtha, kerosene, heating oil, jet fuel, and lubricating oil.The
charge that accumulates in a liquid, solid, or mist establishes an electrical field between it and
nearby earthed bodies. The strength of the electrical field is the voltage gradient, which is
determined by the difference in voltage between the two points and by their distance apart. To
prevent the possibility of an electrostatic discharge that could occur if portable equipment was
introduced into a charged atmosphere, it is sound practice to bond all metal objects together. In
other words, the PIC should not introduce any equipment that might be electrically insulated into
a potentially hazardous atmosphere. Examples of portable equipment that usually requires
bonding include portable tank cleaning machines, manual gauging equipment, temperature
probes, and sampling equipment.LOADING OF STATIC ACCUMULATOR CARGOESTo reduce
the risks associated with the handling of a known static accumulating cargo, the PIC must
adhere to several precautions. (It should be noted that static precautions are not necessary
when the cargo tank in question is maintained in the inert condition).Prior to the commencement
of a cargo transfer, the PIC should confer with a shore representative to identify any cargoes
classified as static accumulators. If in doubt, the PIC should consult the appropriate MSDS and
follow the guidance pertaining to the handling of the particular product.The PIC should take
steps to minimize the presence of water in the cargo system by properly draining all cargo tanks
and pipelines prior to the commencement of loading. The mixing of dissimilar liquids (oil and



water) can contribute to the creation of an appreciable electrostatic charge in a space and
should therefore be avoided.It is advisable to treat all distillates as static accumulators unless
they contain an antistatic additive. Distillates may carry a sufficient charge to constitute a hazard
during loading and for a period of time after the completion of the loading operation.The
beginning of the loading operation is a critical point due to the risks posed by excessive initial
loading rates, excessive splashing and turbulence into an empty tank, or the presence of water
in the pipelines and bottom of the tank.The PIC should minimize electrostatic generation in the
early stages of the loading operation by restricting the initial flow rate to the cargo tank(s). This
reduced flow rate should be maintained until the bottom framing in the tank is covered and all
splashing and turbulence has ceased. The term commonly used to describe this process is
known as cushioning a tank. According to the International Safety Guide for Oil Tankers and
Terminals (ISGOTT), the initial flow rate should be restricted to a linear velocity that does not
exceed 1 meter per second. Table 2-7 indicates typical loading rates that correspond to a linear
velocity of 1 meter per second.Table 2-7Flow Rates Corresponding to 1 Meter Per
SecondNominal Pipeline Diameter (mm)Approximate Flow Rate (Cubic meters/hour)801710029
150672001162501833052623603204104244605425106766109877101,3548101,782Reprinted
with permission from the International Safety Guide for Oil Tankers and Terminals (ISGOTT), 5th
edition. Courtesy OCIMF, ICS, and IAPH.Throughout the loading of a cargo tank and for a period
of at least thirty minutes after the completion of loading, metallic gauging and sampling
equipment must not be introduced or allowed to remain in the tank. Nonconducting (nonmetallic)
equipment may be used at any time; however, ropes or tapes employed with this equipment
should not be made from synthetic materials.After the relaxation period of thirty minutes has
elapsed, metallic equipment may be used; however, it must be bonded and properly earthed to
the vessel’s structure before use.DISCHARGE OF STATIC ACCUMULATOR CARGOESAt the
discharge terminal, the PIC should consult with the shore representative concerning the proper
procedure to be followed when commencing the discharge of a static accumulating cargo. In
general, the initial pumping rate ashore should be limited until a sufficient cushion is developed
in the bottom of the shore tank. This precaution is followed to minimize the splashing and
agitation of the cargo at the initial stage of filling the shore tank.Transport of Residual Fuel
OilsThe carriage of high flash point residual fuel oil has historically been viewed as a substance
that did not pose a serious flammability hazard to the vessel. Despite the fact that residual fuel
oils have a measured flashpoint well above the temperature typically maintained during
transport it has been found that the vapor concentrations in the ullage space may be near to or
within the flammable range. The reason for this can vary from either the refining source or
possible blending of various components while in storage or during loading. Compounding the
problem is the fact that under present regulation the carriage of residual fuel oils is for the most
part exempt from the requirement to inert the cargo tanks provided the vessel is not heating the
fuel oil to a temperature within 5° C of its flash point. Therefore when transporting residual fuel
oils on non inerted vessels, it is recommended that personnel monitor the vapor concentration of



the atmosphere above the cargo in the tanks. Should the growth of vapors be detected in the
atmosphere of the cargo tank(s), action should be taken before a flammable atmosphere is
created preferably by purging the tank with low pressure air to maintain the vapor concentration
of the tank at a safe level. On vessels equipped with an inert gas system it is recommended that
the IG system be operated and the cargo tanks maintained in an inert condition when
transporting residual fuel oil cargoes.ToxicityAromatic hydrocarbons: Aromatic hydrocarbons—
including benzene, toluene, and xylene—are found in varying proportions in a wide array of
petroleum cargoes such as gasoline, naphtha, and even some crude oils.The TLVs of aromatic
hydrocarbons are lower than most nonaromatic hydrocarbons. For example, the TLV of benzene,
a recognized carcinogen, is as low as 1 ppm. The latent effect of exposure to benzene vapors
can result in potentially fatal disorders of the blood. In the United States, any cargo containing
0.5 percent or more benzene by volume is classified as a “regulated cargo,” and specific rules
must be followed that address handling and occupational exposure in the workplace. The
detailed requirements can be found in the U.S. Code of Federal Regulations (Title 46 CFR Part
197 Subpart C). The person-in-charge should have a thorough understanding of the content of
this regulation, as he or she is responsible for compliance with the rules.Hydrogen sulfide: Some
crude oils, described as sour, contain a high level of hydrogen sulfide. The effects of exposure to
hydrogen sulfide gas can be both quick and deadly. For a more comprehensive discussion of the
effects of hydrogen sulfide to individuals when exposed to concentrations in excess of its
published TLV of 5 ppm, consult Chapter 15.Precautions against toxicity by inhalation:
Individuals involved in handling potentially toxic substances should avoid exposure to
concentrations above the published TLV. If exposure through inhalation is possible, suitable
respiratory protection should be worn to minimize the inhalation of harmful vapors. Certain
operations such as the venting of cargo tanks during loading, purging, and gas-freeing may
result in elevated exposure to personnel on deck. During these operations, the atmosphere exits
the cargo tanks via the vent system and dilutes with the surrounding air, increasing the risk of fire
and exposure to personnel. Individuals involved in such operations should wear proper
respiratory protection.Personnel are advised never to enter a compartment that contained cargo
—or one that has been sealed for a period of time—without first testing the atmosphere. It
should be assumed that the atmosphere of an enclosed space is incapable of supporting life
until proven otherwise. All company and industry guidelines should be followed with respect to
testing and entry into an enclosed space. Entry should only be permitted after a permit-to-enter
or a marine chemist certificate has been issued.Oxygen DeficiencyAir normally contains
approximately 21 percent oxygen by volume. Individuals exposed to concentrations below that
level are at risk of suffering from oxygen deficiency.As the oxygen level decreases below 21
percent by volume, an individual will experience a changing breathing pattern. Unfortunately,
many individuals fail to recognize the danger signs associated with an oxygen-deficient
atmosphere until it is too late. This can be particularly problematic when escape involves
climbing from the bottom of a space such as a cargo tank or pumproom. The degree of



impairment will differ among individuals based on such variables as age, physical condition, and
so forth; however, all begin to experience the adverse effects of oxygen deficiency below 16
percent by volume. The oxygen level typically maintained in the atmosphere of an inerted cargo
tank—4 percent to 8 percent oxygen by volume—will result in immediate unconsciousness of an
individual and irreversible brain damage within a short period of time.The oxygen content of any
enclosed space may be deficient for a number of reasons. Compartments in which even
seemingly harmless liquids were carried, such as freshwater and seawater ballast, can pose a
significant hazard due to a lack of oxygen. On a modern tank vessel, the most obvious cause of
oxygen deficiency is an inerted cargo tank in which the oxygen level is intentionally maintained
at or below 8 percent by volume.HAZARDS ASSOCIATED WITH INERT GASInert gas is used
on modern tank vessels to control the oxygen content within the atmosphere of the cargo
tank(s). The use of this system ensures that a nonflammable condition is maintained via oxygen
deficiency within the cargo tanks unless they are gas free. On board most petroleum tankers,
inert gas is derived either by using the flue gas from the boilers or an oil-fired generator. Before
the flue gas is piped to the tanks it is processed (cooled and cleaned) in a scrubber. Table 2-8
shows the composition of the flue gas before and after the scrubbing process.Table 2-8Content
of Flue Gas Before and After ScrubbingContentBeforeAfterNitrogen80% by
volumeSameCarbon dioxideApprox. 14%SameOxygen2–5%SameSulfur dioxideApprox.
0.3%Approx. 0.005% by volumeCarbon monoxideApprox. 0.01 % by volumeSameNitrogen
oxidesApprox. 0.02% by volumeSameWater vaporApprox. 5% by volumeApprox. 0.01% by
volumeSoot and particulate300 mg/m3 by volume30 mg/m3Heat200°–300°CNear ambient sea
temp.As indicated in table 2-8, the primary hazard associated with inert gas is its exceptionally
low oxygen content. In addition to oxygen deficiency, exposure to an inert gas derived from a
combustion process (exhaust gas) should be avoided as it contains a number of toxic
constituents including carbon monoxide, sulfur dioxide, and nitrogen oxides.The carbon
monoxide content depends on the combustion conditions. The TLV of carbon monoxide is 25
ppm. At an elevated level of exposure, the blood loses its ability to carry oxygen from the lungs
to the rest of the body, resulting in carbon monoxide poisoning. The symptoms are headache,
drowsiness, unconsciousness, and vomiting. In extreme cases, internal suffocation may occur,
followed by death. The treatment is to remove the victim to fresh air or supply oxygen and, if
necessary, apply artificial respiration.The sulfur dioxide content of the exhaust gas usually
depends on the sulfur content of the fuel oil consumed in the combustion process as well as the
efficiency of the scrubber.Cargo ReactivityReactivity hazards are associated with certain liquids
that tend to react to extremes of temperature, violent movement, and so forth, as well as to
mixing with incompatible liquids and materials. The type of reaction will depend on the stability
of the liquid and its compatibility with other liquids and materials.CHAPTER 2Cargo
CharacteristicsRICHARD BEADON AND MARK HUBERNumerous potential hazards are
associated with the seagoing transport of bulk liquid cargoes. To minimize those risks it is
imperative for the person-in-charge (PIC) to have a keen understanding of the physical



properties of the cargo being transported. Experience has shown that a thorough working
knowledge of the cargo is vital to intelligent decision-making with respect to safe carriage as well
as to efforts to maintain quality assurance. Improper transfer procedures, stowage, and care of
the cargo have all factored into incidents that resulted in harm to personnel and damage to
vessel, cargo, and the environment. This chapter seeks to address the main characteristics and
hazards presented by the cargo as it relates to the role of the vessel PIC. Many of the properties
and hazards discussed in this chapter apply to all bulk liquids. However, due to their special
nature, liquid chemicals may present significantly different characteristics and hazards.BULK
LIQUID CARGOESTank vessels transport a wide variety of liquids in bulk (unpackaged). These
fall under three broad classifications: petroleum liquids, chemical liquids, and special
liquids.Petroleum LiquidsPetroleum liquids consist of naturally occurring crude oil and the
various products derived (refined) from this raw material, including the
following:GasolineKeroseneResidual fuel oilFuel oilJet
fuelAsphaltDieselLubricantsCokeResidual fuel oilAsphaltChemical LiquidsA liquid chemical is
any substance used in, or obtained by, a chemical process. There are literally hundreds of
different chemicals transported by tank vessels. These substances are derived from many
sources and have diverse characteristics. They may be categorized as organic or inorganic
chemicals. Table 2-1 shows a sampling of each.Table 2-1Chemical LiquidsOrganic
ChemicalsInorganic ChemicalsAromatic hydrocarbonsBoric acidVinyl chlorideSulfuric
acidAcetonePhosphoric acidAcetic acidCaustic sodaStyrene monomerHydrochloric
acidAcrylonitrileMolten sulfurSpecial LiquidsLiquid substances other than those classified as
petroleum or chemical are described as special liquids. Table 2-2 shows some examples.Table
2-2Special LiquidsAnimal/Vegetable OilsMiscellaneous LiquidsPalm oilFreshwaterSoybean
oilBeerSunflower oilWineOther vegetable oilsAnimal oilsTallow and
greasesMolassesPROPERTIES OF PETROLEUMCrude oil and the products derived from the
raw material are considered petroleum liquids. Crude oil is a mixture of a wide range of long-
chain hydrocarbon molecules. A hydrocarbon molecule is essentially one or more hydrogen
atoms linked with one or more carbon atoms, hence the term hydrocarbon. The composition of
crude oil varies widely (paraffins, naphthenes, or aromatics) depending on its geographic
source. Crude oil can be described as either “heavy” or “light” based upon its specific gravity.
The number of carbon atoms in the hydrocarbon molecule influences the specific gravity of a
crude oil. The greater the number of carbon atoms in a molecule, the heavier the molecule will
be.A compound is a chemical substance made up of two or more elements bonded together
and not separable by physical means. Crude oil is a mixture of hydrocarbon compounds ranging
from those that are partly gaseous under normal atmospheric conditions to those that are liquid
or solid. Also present are traces of nitrogen, sulfur, oxygen, and metals. Crude oils containing
sulfur compounds such as hydrogen sulfide are known as sour crudes and are characterized by
a vile and nauseating rotten-egg odor.The refining process involves separating the various
hydrocarbon compounds in crude oil into groups or fractions of compounds having similar



boiling point ranges. A number of methods are used in the refining process including the
following:Distillation, or physical separation, consists of boiling off the crude oil and splitting it
into a number of fractions.Cracking is a chemical conversion that results in splitting the heavier
fractions into lighter fractions. Each fraction has its own boiling point and a unique set of physical
properties.Purification is the process of removing certain impurities (such as sulfur) from the
petroleum products during the refining process.FLAMMABILITY CHARACTERISTICS OF BULK
LIQUID CARGOESThere are serious fire risks associated with the transport of petroleum and
certain chemical cargoes; hence a discussion of these characteristics is in order. To enable the
PIC to judge the degree of risk, most cargoes are categorized according to their flammability.
Following is a review of some basic terms used in the classification of cargoes:Volatility: In a fire
involving a flammable liquid, the vapor that is given off by the liquid burns, not the liquid itself.
Therefore, the flammability of a liquid cargo will depend primarily on the ability of the liquid to
produce flammable vapor. Volatility is a term used to describe the tendency of oils or chemical
products to produce flammable vapor. To assist the PIC, there are a number of ways of
expressing the volatility of a liquid.True vapor pressure (TVP): Vapor pressure indicates the
volatility of a liquid. For example, when a petroleum (liquid) cargo is loaded into a tank, it will
begin to vaporize into the space above. When the vapor and liquid in the space reach
equilibrium, the pressure exerted on the liquid is its true vapor pressure. The true vapor pressure
of a petroleum liquid will vary due to differences in composition and temperature; consequently
another method of expressing the vapor pressure is employed—the Reid vapor pressure
(RVP).Reid vapor pressure (RVP): Reid vapor pressure is the measured vapor pressure that
results when a sample of liquid in a closed container is heated to a standard temperature of
100°F (37.8°C). It is determined in a standard laboratory experiment using Reid testing
apparatus. This test is of practical value to the PIC as it replicates the conditions that may exist
during transport of a cargo at sea. It does so by providing an indication of the behavior of a
particular cargo in the sealed tanks of a vessel when subjected to changing ambient (sea and
air) temperatures. Reid vapor pressure is used in the classification of flammable liquids, as
shown in table 2-4.Flash point: Another term frequently encountered in the classification of
liquids is flash point. The flash point of a flammable liquid is the lowest temperature at which the
liquid gives off sufficient vapor to form an ignitable mixture near its surface. This mixture of vapor
and air is ignitable by an external source of ignition, but the rate of vaporization is usually
insufficient to sustain combustion.Fire point: The fire point of a flammable liquid is the lowest
temperature at which the liquid will produce sufficient vapor to ignite and continue to burn. This
temperature is higher than the flash point of a liquid. The principal use of the terms flash point
and fire point is to indicate the relative fire hazard associated with different products.Autoignition
temperature: The autoignition point of a liquid is the lowest temperature at which sustained
combustion will occur in a liquid without the application of a spark or flame (external source of
ignition). This temperature is above the fire point of a liquid.Flammable limits: A liquid cannot
burn unless it emits flammable vapors. In order to burn, the correct proportions of oxygen, vapor,



and heat must be present. The flammable vapor of a liquid must therefore mix with air in the
proper proportions to form an ignitable mixture.Lower explosive limit (LEL) or lower flammable
limit (LFL): The lower explosive limit is the smallest percentage of vapor in air that will form an
ignitable mixture (point C in Figure 2-1). If the concentration of vapor is below the LEL, the
mixture is considered “lean” and will not support combustion.Figure 2-1. Flammable range
diagram. Reprinted with permission from the International Safety Guide for Oil Tankers and
Terminals (ISGOTT), 5th edition. Courtesy OCIMF, ICS and IAPHUpper explosive limit (UEL) or
upper flammable limit (UFL): The upper explosive limit is the greatest percentage of vapor in air
that will form an ignitable mixture (point D in Figure 2-1). If the percentage of vapor present
exceeds the UEL, the mixture is considered “rich” and will not support combustion.Flammable
range or explosive range: The flammable or explosive range diagram in Figure 2-1 illustrates all
the possible combinations of vapor in air (between the upper and lower flammable limits) that
form an ignitable mixture. Mixtures of hydrocarbon vapor and air that lie outside the flammable
range (shaded area in the curve) will not support combustion. In the case of oil cargoes, if the
hydrocarbon concentration is below the lower explosive limit, there is insufficient vapor to
support combustion. Conversely, if the hydrocarbon concentration is above the upper explosive
limit, there is insufficient air to support combustion.Table 2-3Typical Flammable Limits of Sample
CargoesProductLELUELRangeCrude (average)1.0%10.0%9.0%Gasoline1.3%7.6%6.3%Kerose
ne0.7%6.0%5.3%Benzene1.4%8.0%6.6%Ethylene
oxide2.0%100.0%98.0%Ammonia15.5%27.0%11.5%Naphtha0.9%6.7%5.8%Source: United
States Coast GuardThe flammable limits can vary substantially for different petroleum and
chemical cargoes. Table 2-3 lists the typical limits of flammability for several cargoes. To
determine the flammable limits of a particular cargo, consult the data sheets or the laboratory
analysis of the cargo.Vapor density: Vapor density is the ratio of the weight of a vapor or gas with
no air present compared to an equal volume of air at the same temperature and pressure. The
vapor density of a liquid can only be accurately determined in a standard laboratory experiment.
A vapor density of 1 indicates that the gas weighs the same as that of an equal volume of air.
Values less than 1 indicate that the gas is lighter than air and will tend to rise. Values greater
than 1 would indicate that the gas is heavier than air and would tend to settle.An understanding
of vapor density is important because most petroleum cargo vapors are heavier than air and will
settle in lower regions of a tank or pump room. This is an important consideration when
determining the method and adequacy of testing an atmosphere for the presence of cargo
vapors.Vapor density is also an important element that contributes to the accumulation of
flammable vapors on deck and around the superstructure while tanks are venting during a
loading operation.AVOIDANCE OF THE FLAMMABLE RANGETo enhance the overall safety of
transporting flammable cargoes, many tank vessels are equipped with inert gas systems (see
chapter 16 for a detailed discussion). The purpose of this system is to maintain the atmosphere
of the cargo tanks in a nonflammable condition throughout the voyage cycle (operating life) of
the vessel. This is achieved through the use of a gas or a mixture of gases that is deficient in



oxygen and therefore incapable of supporting combustion. Although the atmosphere of a tank
may contain flammable vapors in varying concentration, there can be no fire or explosion if the
tank is starved of oxygen.A properly inerted cargo space is any compartment with an
atmosphere containing 8 percent or less oxygen by volume and maintained under positive
pressure. The application of an inert gas system during a typical voyage can best be illustrated
relative to a flammable range diagram (Figure 2-1). The goal of this system is to prevent the
atmosphere of the cargo tanks from ever entering the flammable range.Voyage Cycle (Inert Gas
Cycle)A convenient starting point for this discussion is a vessel in the shipyard with the entire
cargo system clean and gas free (see chapter 15 for a discussion of the gas-free state). As
shown in the flammable range diagram (Figure 2-1), the atmosphere of the cargo tanks would
likely be found near position A with an oxygen content of 21 percent by volume and a reading of
less than 1 percent of the LEL on a combustible-gas indicator. Prior to departing the yard or
while en route to the first loading port, the inert gas system is operated to carry out the primary
inerting of the cargo tanks. With vents open, the fresh air is driven out of the cargo tanks and
replaced with good quality inert gas. The net effect of this operation is to lower the oxygen
content of the atmosphere in the cargo tanks. Primary inerting is illustrated in Figure 2-1 by
moving to the left along the horizontal axis from point A until the atmosphere reaches 8 percent
or less oxygen by volume. It should be noted that as the oxygen content of a space is lowered,
the range of flammability for most petroleum products decreases progressively until it terminates
at about 11 percent oxygen by volume.At the loading port, cargo entering the empty tanks will
start to displace the inert atmosphere. Due to the turbulence of the loading operation, flammable
cargo vapors are generated, resulting in the atmosphere moving up the vertical (hydrocarbon)
axis of the flammable range diagram toward point F. There is no material change in the oxygen
content provided a positive pressure is maintained within the space, thereby preventing the
ingress of air. At the completion of the loading operation, the atmosphere above the cargo in the
topped-off tank(s) is likely to be a rich mixture, yet still in an inert state.During the sea passage to
the discharge port, the oxygen content and tank (deck) pressure should be monitored. Some
operators have reported a significant increase in the oxygen content of the atmosphere of
inerted cargo tanks during the loaded passage. The only cause that could be attributed to the
oxygenation of the atmosphere involved a characteristic of the cargo. Upon leaving the dock at
the loading terminal, the vessel cargo tanks were reported to have a measured oxygen content
of 5% by volume, and upon arrival at the discharge terminal the oxygen content was found to be
between 14% and 15% by volume. Also, due to the fact that liquid cargoes expand and contract
with changes in sea and air temperature, significant fluctuations in the tank (deck) pressure
occur during the voyage. If, for example, the deck pressure rises as a result of increasing
ambient temperatures, it may be necessary to vent off the excess pressure. Conversely, when
colder temperatures and a corresponding drop in tank (deck) pressure are encountered, it may
be necessary to start the inert gas system and top up the pressure in the tanks. Topping-up is
defined as the introduction of inert gas into a tank already in the inert condition with the object of



increasing the tank pressure to prevent any ingress of air.Upon arrival at the discharge port, the
inert gas system is started and operated for the duration of the cargo discharge. Inert gas is
delivered to the tanks to replace the cargo being discharged. To ensure that positive pressure is
maintained, the inert gas supply must exceed the cargo discharge rate. During the discharge
operation (Figure 2-1) the hydrocarbon concentration of the atmosphere will drop as the cargo
vapors are diluted with inert gas. Thereafter, during each successive load and discharge, the
tank atmosphere moves up and down the vertical (hydrocarbon) axis. This vertical change is
acceptable provided oxygen (air) is not introduced into the space, possibly compromising the
inert status of the tank or vessel.If a problem should develop at the discharge port, this may
necessitate a return to the shipyard. During the ballast trip it may become necessary to prepare
the cargo tank(s) for entry by personnel. The tank or tanks should be water-washed in
accordance with recommended guidelines while maintaining an inert condition. Following the
wash, the tanks are purged with inert gas prior to ventilation with air.PURGINGPurging is the
introduction of inert gas into a tank that is already in an inert condition with the object of reducing
the hydrocarbon concentration to a point where subsequent ventilation with fresh air will not
result in the creation of a flammable atmosphere. The purging process is illustrated in Figure 2-1
by moving from point F to point H.Safe industry practice dictates that purging of a tank should
continue until the hydrocarbon concentration of the space is 2 percent or less by volume as
determined by using a suitable hydrocarbon analyzer.Upon completion of purging, the space is
ventilated with air using portable fans or the inert gas system in the gas-free mode. Ventilating
with air at this point further reduces the hydrocarbon concentration while increasing the oxygen
content of the space. The ventilation process continues until the atmospheric tests reveal a
return to safe readings (21 percent oxygen by volume and less that 1 percent LEL on a
combustible-gas indicator). The process of ventilating the tank with air is shown in Figure 2-1 by
moving from point H to point A.It is important to realize that avoidance of the flammable range in
this way is the expectation of the transportation industry and is only possible if the operator
thoroughly understands the use of the inert gas system.CLASSIFICATION OF
PETROLEUMPetroleum liquids are classified in many ways throughout the world. The following
information addresses two common approaches.International ClassificationIn many safety-
related rules and regulations, petroleum cargoes are broadly classified as volatile liquids and
nonvolatile liquids.Volatile liquids: Petroleum liquids that have closed-cup flash points below
140°F (60°C) are considered volatile. Over the normal range of ambient temperatures
encountered during transport, cargoes in this category are capable of producing gas/air
mixtures within and above the flammable range. For this reason, volatile cargoes are frequently
transported in a tank with a controlled (inerted) atmosphere.Nonvolatile liquids: These are
petroleum products that have closed-cup flash points of 140° F (60° C) and above. Over the
normal range of ambient temperatures encountered during transport the atmosphere above
these cargoes (headspace) typically contains gas concentrations below the lower flammable
limit. Cargoes in this category include residual fuel oils and diesel oils. Due to other properties



associated with these cargoes, however, the application of heat is often necessary during the
voyage. Caution must be exercised with heated cargo, as the creation of a flammable
atmosphere is possible if it is heated to or near the flash point.United States Coast Guard
ClassificationThe United States Coast Guard (USCG) separates petroleum liquids into two
categories: flammable and combustible.Flammable liquids: Liquids that have an open-cup flash
point at or below 80°F (26.7°C) are classified as flammable liquids.Combustible liquids: Liquids
that have an open-cup flash point above 80°F (26.7°C) are classified as combustible liquids.The
flammable and combustible liquids are subdivided into grades based on their flash points and
Reid vapor pressures. Tables 2-4 and 2-5 show the USCG classification system contained in
Title 46 CFR Parts 30.10.15 and 30.10.22.Table 2-4USCG Classification of Flammable Liquids
Flash Point at or below 80°F (26.7°C)GradeFlash PointReid Vapor PressureExamplesA80°F or
below14 psi and aboveNatural gasoline, naphthaB80°F or belowMore than 8.5 but less than 14
psiMost commercial gasolineC80°F or below8.5 psi and belowMost crude oilsAviation
gasolineTable 2-5USCG Classification of Combustible Liquids Flash Point above 80°F
(26.7°C)GradeFlash PointReid Vapor PressureExamplesDAbove 80°F but below 150°FN/
AKeroseneCommercial jet fuelsE150°F and aboveN/AHeavy fuelLube oilsAsphaltCARGO
WEIGHT, CAPACITY, AND FLOWTo plan the loading of a liquid cargo into a tank vessel, it is
necessary to know the unit weight of the cargo and the amount of space it will occupy. Once a
cargo has been loaded into a tank, it is then necessary to determine the quantity in the tank. At
the discharge port, it is necessary to again determine the quantity of cargo onboard prior to the
discharge.The safe, efficient, and accurate determination of the quantity of cargo in the vessel’s
tanks is a key responsibility of the PIC. The quantity of cargo is an important factor for proper
accounting (billing); for cargo calculation (determining draft, trim, and stress in order to ensure
the vessel is not overloaded); and for calculation of transfer rates. The PIC should therefore be
familiar with the following terms relating to volume and weight, as they are used in conjunction
with the transport of liquid cargoes in bulk.DensityThe density of a substance is the weight per
unit volume at a standard temperature of 60°F (15.6°C). The density of a liquid is expressed in
ounces per cubic foot. For example, at a standard temperature of 60°F (15.6°C), the density of
freshwater is 1,000 ounces (62.5 lbs) per cubic foot and the density of salt water is 1,025 ounces
(64.06 lbs) per cubic foot.If the density and volume of a liquid are known, the weight of the
volume occupied by the liquid can be found by using the following formula:Weight = Volume ×
DensityIf the weight and volume of the liquid are known, then the density can be found by
transposing the formula:Density = Weight / VolumeSpecific Gravity (SG)The specific gravity
(SG) of a substance is the ratio of a given volume of a substance at a standard temperature of
60°F (15.6°C) to the weight of an equal volume of freshwater at the same temperature. For
example:If the density of a liquid is known, it can be converted into specific gravity by dividing its
density by the density of freshwater.API GravityAPI gravity is an arbitrary scale developed by the
American Petroleum Institute and used in the transportation industry as an alternative means of
expressing the weight of a measured volume of a liquid.The API gravity of a liquid is expressed



in a scale of degrees API at a standard temperature of 60°F (15.6°C). Freshwater has an
arbitrary gravity of 10 degrees. Liquids lighter than freshwater have an API gravity greater than
10 and liquids heavier than freshwater have an API gravity less than 10.For information
purposes, the API gravity is derived using the following formula:API gravity in degrees=(141.5/
Specific gravity @ 60°F) – 131.5Determination of Density, Specific Gravity, and API GravityA
hydrometer is one of the instruments commonly used to measure density. Hydrometers are
calibrated to measure density in ounces; however, those that measure API gravity are marked in
degrees API. To obtain the specific gravity of a liquid, a density hydrometer is used and the
reading is divided by 1,000 (the density of freshwater).To obtain the density/API gravity of cargo
in a tank, a sample is drawn and the appropriate hydrometer used. Due to the fact that liquid
cargoes expand or contract with changes in temperatures, the reading obtained is the density/
API gravity of the liquid at which the sample was tested. Therefore, it is essential to take a
temperature reading of the sample to accurately calculate the density or API gravity.Units of
MeasureTable 2-6 shows the typical units of measure used in the transportation industry.Table 2–
6Units of MeasureUnitMeasure1 barrel42 gallons (US)1 cubic meter6.2898 barrels1 ton metric
(tonne)1,000 kilograms (2,204.6226 pounds)1 ton (long)2,240 pounds (1,016.0469 kilograms)1
gross barrel42 gallons at actual temperature in the tank1 net barrel42 gallons adjusted to
standard temperature of 60°FViscosityViscosity is a measure of the internal friction of a liquid or
its resistance to flow. It is an important consideration when determining the pumpability of a
liquid cargo. The viscosity of a liquid changes with different temperatures. For example, as the
temperature of a liquid increases, the viscosity decreases. For efficient loading and discharging
of the vessel, the PIC should be aware of the optimum viscosity of the cargo. This value is useful
in determining the heating requirements of a cargo and the proper temperatures to be
maintained during cargo transfer and in transit.There are many standards for expressing
viscosity. Controlled laboratory experiments are used to determine the viscosity of a liquid. In
one method, Saybolt Seconds Universal (SSU), viscosity is measured by the time in seconds
that it takes for a liquid at a prescribed temperature to drain from a standard viscosimeter. This
information is typically derived from a laboratory analysis report of the cargo.Pour PointThe pour
point of a liquid is the lowest temperature at which the liquid will remain fluid. It is expressed as a
temperature either in degrees Fahrenheit or Celsius. The PIC should be mindful of this
temperature when transporting cargoes with elevated pour points. Examples of such cargoes
include residual fuel oils, vacuum gas oils, wax, and asphalt. During transport, the cargo
temperature in the tanks should be closely monitored and the heating system adjusted to
maintain the recommended temperature. To avoid possible solidification of the cargo, the
temperature should never be allowed to approach the pour point of the substance.Cloud
PointThe temperature below which sludge deposition can be expected in the cargo tanks. In the
case of certain crude oils that require the application of heat it represents the temperature at
which the paraffin wax in the crude separates from the liquid phase of the cargo.TOXICITY—
MEASUREMENT AND REGULATIONSToxicity refers to the poisonous nature and potential



health risks associated with a particular substance. The toxicity of a substance is difficult to
measure and is subject to revision as more detailed information about the ramifications of
exposure become available. The threshold limit value–time weighted average provides a
convenient indicator of the relative toxicity of gases and assists individuals in reducing health
risks. Studies performed on animals and extrapolated for the human body form the basis of
rating toxicity levels.Threshold Limit Value–Time Weighted Average (TLV-TWA)The threshold
limit value–time weighted average (TLV-TWA) is a designation established by the American
Conference of Governmental and Industrial Hygienists (ACGIH) for various substances. These
designations are used as recommended guidelines in the workplace; they are subject to review
and may be updated annually, in which case the results will be published in ACGIH publications.
The term threshold limit value–time weighted average (TLV-TWA) is used in the transportation
industry to express the toxicity of vapors from a substance. The TLV-TWA of a substance is
usually expressed as the number of parts per million (ppm) by volume of vapor in air.According
to ACGIH, “Threshold Limit Values refer to airborne concentrations of substances and represent
conditions under which it is believed that nearly all workers may be repeatedly exposed day after
day without adverse health effects.” When expressed as a time weighted average, the
concentration is considered over a normal eight-hour workday and a forty-hour
workweek.Permissible Exposure Limit–Time Weighted Average (PEL-TWA)The permissible
exposure limit (PEL) of a substance is a designation used by the Occupational Safety and
Health Administration (OSHA) and the United States Coast Guard (USCG). The PEL represents
a regulatory value (as opposed to a recommended guideline) that must not be exceeded in the
workplace. For example, the PEL-TWA for cargoes covered by the benzene regulation is 1
ppm.Threshold Limit Value–Short-Term Exposure Limit (TLV-STEL)The threshold limit value–
short-term exposure limit (TLV-STEL) defines the concentration of a substance to which workers
can be exposed continuously for a short period of time, provided that the daily TLV is not also
exceeded.The STEL is a fifteen-minute time weighted average exposure that should not be
exceeded at any time during the workday, even if the eight-hour time weighted average is within
the TLV.Exposures at the STEL may not be longer than fifteen minutes and cannot be repeated
more than four times per workday. There must also be at least sixty minutes between successive
exposures at the STEL.Threshold Limit Value–Ceiling (TLV-C)The threshold limit value–ceiling
(TLV-C) is the maximum concentration of vapor in air, expressed as either a TLV or PEL, that
must not be exceeded even for an instant. In situations when there is no established ceiling limit,
the TLV-STEL is used.Immediately Dangerous to Life or Health (IDLH)The designation IDLH
(immediately dangerous to life or health) was established by the National Institute for
Occupational Safety and Health (NIOSH), an agency of the Public Health Service.IDLH is
defined by NIOSH as a condition “that poses a threat of exposure to airborne contaminants
when that exposure is likely to cause death or immediate or delayed permanent adverse health
effects or prevent escape from such an environment.”The practical application of the IDLH
designation is to provide a basis for the selection of an appropriate respirator.Odor



ThresholdExpressed in parts per million by volume in air, the odor threshold is the smallest
concentration of a gas that can be detected by most individuals through the sense of smell.It is
not an absolute value as it can vary considerably among individuals. Some odors are also
capable of deadening the sense of smell. It is therefore not advisable to rely on the sense of
smell as an indicator of the presence of a dangerous vapor.Knowing the odor threshold of a
toxic substance is important. If, for example, a liquid has a TLV-C of 20 ppm and an odor
threshold of 50 ppm, by the time an individual detects the presence of this substance by the
sense of smell, harmful exposure has already occurred.Given the number of different liquid
cargoes transported on tank vessels, it is not possible for one person to know all the details
concerning a particular product. It is a daunting task to become familiar with all the products a
PIC might be expected to handle and transport; therefore, it is vital that the PIC know where to
turn for accurate, reliable information.Toxicity—Effect on PersonnelPoisoning by toxic liquids can
occur through one or more of the following three methods: (1) ingestion, (2) skin contact, and (3)
inhalation.INGESTIONThe risk of swallowing petroleum or chemical liquids in normal day-to-day
operations should be minimal provided individuals always exercise good hygiene. To minimize
exposure through ingestion, personnel should be reminded to wash hands thoroughly before
meals and never to eat or drink on deck. If accidental ingestion does occur, guidance can be
found in the MSDS or cargo information cards. Medical assistance should be sought
immediately.SKIN CONTACTWith most petroleum products, skin contact can cause irritation
and lead to dermatitis. Contact with the eyes and skin can be particularly dangerous when
handling corrosive cargoes such as caustics or acids. Personnel should always wear protective
clothing and eye protection when there is a risk of exposure through physical contact (splash
hazard). The MSDS gives recommended precautions for minimizing exposures. If a toxic or
corrosive liquid comes into contact with any part of the body, guidance can be found in the cargo
information sheets.INHALATIONThe inhalation of cargo vapors has long been recognized as
one of the leading hazards of exposure for workers on deck. Cargo vapors are pervasive and
therefore difficult to control. The effect of inhalation of petroleum vapors on an individual can
vary from imperceptible to obvious signs of impairment. The acute, short-term effects of
exposure to petroleum products can include headache, euphoria, eye irritation, nose and throat
irritation, loss of orientation, dizziness, and a drunken appearance. Continued exposure to high
concentrations may lead to paralysis and possibly death.The toxicity of petroleum and chemical
cargoes varies widely depending on the makeup of the substance. The presence of some
constituents in the cargo such as benzene, lead, and hydrogen sulfide can pose a significant
threat to individuals. As already discussed, the TLV provides an indication of the level of
exposure to a toxic substance that is acceptable during a typical workday over an indefinite
period of time. The STEL is an indication that the human body can tolerate concentrations
greater than the TLV for short periods, typically no more than fifteen minutes.The odor of
cargoes varies greatly and, in some cases, can fool an individual’s sense of smell. Also, with
some products, the odor threshold may be much higher than the TLV. In this case, harmful



exposure may occur before the individual starts to smell the cargo vapor. The impairment of
one’s sense of smell is especially serious if the mixture contains hydrogen sulfide. Because of
these inherent dangers, the PIC should never take the absence of smell as an indication of the
absence of gas, but should always test for toxicity, be aware of the TLVs, and follow the proper
entry procedures for enclosed spaces such as cargo tanks.SOURCES OF CARGO
INFORMATIONThere are various sources of information regarding the physical properties and
hazards of cargoes. The need for current, accurate cargo information is essential for the safety
of those involved in the transport of bulk liquid cargoes. Some of the more common sources of
cargo specific information available to the person-in-charge include the following:• Material
Safety Data Sheets (MSDS) produced by the manufacturer of the substance (see Appendix A
on enclosed disc).• Chemical Data Guide for Bulk Shipment by Water (former CG-388), Figure
2-2, and Chemical Hazards Response Information System (CHRIS), Figure 2-3, from the United
States Coast Guard. As of this writing, the United States Coast Guard has revised the CHRIS
database and made it available to the public in a number of ways: CD-ROM, the Internet (), and
in hard copy. The CD-ROM contains physical, chemical, toxi-cological, and combustion
properties for over 1,300 chemicals and mixtures in addition to pollution response and
regulatory information. In the event that the listed sources of information do not address the
substance being handled or transported, in an emergency, the PIC should contact CHEMTREC
or the National Response Center.• Tanker Safety Guide Data Sheets from the International
Chamber of Shipping (ICS)Figure 2-2. Excerpt from Chemical Data Guide for Bulk Shipment by
Water (former CG-388). Courtesy United States Coast Guard.Figure 2-3. Excert from the
Chemical Hazards Response Information System (CHRIS). Courtesy United States Coast
Guard.• Chemical Codes (Summary of Minimum Requirements) from the International Maritime
Organization (IMO)• Code of Federal Regulations (CFR) from the United States government•
Pocket Guide to Chemical Hazards from the National Institute for Occupational Safety and
Health (NIOSH)The information provided is of particular relevance to individuals responsible for
the safe transfer and transport of bulk liquid cargoes. The person-in-charge should not only have
ready access to this information but should also possess a thorough understanding of the
characteristics of the substances being handled. Toward that end, the following list summarizes
the various categories addressed in a typical material safety data sheet:Cargo identification and
emergency informationComponents and hazard informationPrimary routes of entry and
emergency and first aid proceduresFire and explosion hazard informationHealth and hazard
informationPhysical dataReactivityEnvironmental informationProtection and
precautionsTransportation and OSHA label informationA sample MSDS for commercial gasoline
from ConocoPhillips can be found in Appendix A.HAZARDSThe following list shows the main
hazards associated with the handling and carriage of bulk liquid cargoes:Fire and
explosionStatic electricityToxicityOxygen deficiencyReactivityCorrosivityFire and
ExplosionTremendous strides have been made in the design of tankers to improve the safety of
personnel and of the vessel. One of the primary areas of attention in the design of a modern



tanker is fire safety.HAZARDOUS AREAS OF THE VESSELHistorically, efforts to reduce the risk
of handling and transporting flammable cargoes have focused on the elimination of ignition
sources from those areas of the vessel where the existence of a flammable atmosphere was
likely. This led to the identification and designation of certain areas of the vessel as potentially
hazardous zones.As an additional safeguard, many tank vessels are now equipped with inert
gas systems. The use of this safety system has greatly improved the fire-prevention measures in
the tanker industry. As previously discussed, operators must have a thorough understanding of
inerting procedures to realize the full benefit of this system. The hazards and precautions
summarized in this section address the safe carriage and handling of petroleum and chemicals.
For the purposes of fire prevention, a tank vessel can be divided into the following
areas:Location of flammable atmospheres: These are areas such as non-inerted cargo tanks,
pump rooms, deckhouses, vent stacks, cargo and vapor manifolds, and others where the
existence of a flammable atmosphere is possible.Two general precautions cover the main
methods of fire prevention in these areas:1. Eliminate all sources of ignition:Smoking and open
flamesPortable electrical equipment and nonapproved flashlightsNon-intrinsically safe electronic
equipment (radios, cameras, etc.)Hot workUse of power and hand toolsElectrostatic
discharges2. Maintain the atmospheres outside the flammable range, either by removing the
hydrocarbon content (gas-freeing) or by reducing the oxygen content to 8 percent or less by
volume (inerting).Areas containing heat and ignition sources: These are working spaces such as
machinery and boiler spaces, galleys, and so forth, that contain electrical equipment and other
sources of heat and ignition. The main method of fire prevention in these areas is to keep them
free of flammable vapors.Living areas: Crew accommodation areas are normally free of
flammable vapors but contain combustible material such as furniture, linen, paper, and more.
The main method of fire prevention in these areas is to keep ignition sources to a
minimum.Pumprooms: The cargo pump room is a small, complex space that contains a large
concentration of piping and equipment. Any leakage of volatile liquids has the potential to
generate flammable and/or toxic atmospheres. A pump room may also contain a number of
potential ignition sources such as lighting, tools, electrical equipment, and mechanical
equipment. Personnel should also include the following checks as precautions against fire and
explosion:Ensure that forced draft ventilation is operating and entry procedures are followed
whenever the pump room is entered. (see Chapter 15)Make frequent rounds to find potential
sources of cargo leaks, flammable vapors, and ignition.Ensure that pumproom bilges are clean
and dry.Cargo Tanks: The prevention of fire and explosion in the cargo area of the vessel is
accomplished by the following:Maintaining an inert atmosphere in the cargo and slop tanks at all
times unless they are gas freeMaintaining a positive deck pressure in the inerted tanks to
prevent the ingress of airEliminating all possible sources of ignitionElectrostatic HazardsStatic
electricity is a potential fire and explosion risk when handling certain types of petroleum and
petrochemical cargoes. In some operations, the electrical charge generated is capable of
igniting flammable vapors such as those found in the atmosphere of a non-inerted cargo



tank.CAUSESThe sequence necessary for the development of a static electricity hazard
involves (1) charge generation, (2) charge accumulation, and (3) electrostatic discharge.The
generation of static electricity occurs at the interface of dissimilar materials. These interfaces
may be between two solids, between solids and liquids, or between liquids and liquids. If the two
materials are separated by some mechanical action, one will carry an excess of positive charge
and the other an excess of negative charge. The separated charges typically recombine to
neutralize each other.If one of the materials is a poor conductor of electricity, recombination will
be limited and a difference in charge (electrical potential) will exist between the two bodies.
These electric charges can accumulate and may equalize in the form of an electrical discharge.
If these electrical discharges generate a sufficient amount of heat, they can ignite flammable
vapors. In cargo operations, charge separation occurs in many ways:Friction caused by the flow
of petroleum liquid through extensive piping systems, strainers, and filtersPetroleum and water
mixtures in the cargo tanksSplashing or agitation of petroleum liquids such as flow through a
nozzleWhen handling a static accumulator (poor conductor of electricity), the material must be
given ample time for the separated charges to recombine. In practice, this is known as the
relaxation time during which an accumulated charge will have an opportunity to dissipate. If the
material has a high conductivity (good conductor of electricity), the recombination occurs quickly
and offsets the accumulation of separated charges. Consequently, there is little generation of
static electricity by materials that are good conductors. Examples are metals and water
solutions, including seawater, that are incapable of holding a charge unless insulated. Oils in this
category include crude oils, residual fuel oils, and asphalt.Static accumulators are characterized
as having low conductivity; they require a longer relaxation time before the charge ultimately
dissipates to earth. In this case, more static electricity accumulates, increasing the possibility of
an electrostatic discharge that could ignite a flammable atmosphere. Examples of known static
accumulators include gasoline, naphtha, kerosene, heating oil, jet fuel, and lubricating oil.The
charge that accumulates in a liquid, solid, or mist establishes an electrical field between it and
nearby earthed bodies. The strength of the electrical field is the voltage gradient, which is
determined by the difference in voltage between the two points and by their distance apart. To
prevent the possibility of an electrostatic discharge that could occur if portable equipment was
introduced into a charged atmosphere, it is sound practice to bond all metal objects together. In
other words, the PIC should not introduce any equipment that might be electrically insulated into
a potentially hazardous atmosphere. Examples of portable equipment that usually requires
bonding include portable tank cleaning machines, manual gauging equipment, temperature
probes, and sampling equipment.LOADING OF STATIC ACCUMULATOR CARGOESTo reduce
the risks associated with the handling of a known static accumulating cargo, the PIC must
adhere to several precautions. (It should be noted that static precautions are not necessary
when the cargo tank in question is maintained in the inert condition).Prior to the commencement
of a cargo transfer, the PIC should confer with a shore representative to identify any cargoes
classified as static accumulators. If in doubt, the PIC should consult the appropriate MSDS and



follow the guidance pertaining to the handling of the particular product.The PIC should take
steps to minimize the presence of water in the cargo system by properly draining all cargo tanks
and pipelines prior to the commencement of loading. The mixing of dissimilar liquids (oil and
water) can contribute to the creation of an appreciable electrostatic charge in a space and
should therefore be avoided.It is advisable to treat all distillates as static accumulators unless
they contain an antistatic additive. Distillates may carry a sufficient charge to constitute a hazard
during loading and for a period of time after the completion of the loading operation.The
beginning of the loading operation is a critical point due to the risks posed by excessive initial
loading rates, excessive splashing and turbulence into an empty tank, or the presence of water
in the pipelines and bottom of the tank.The PIC should minimize electrostatic generation in the
early stages of the loading operation by restricting the initial flow rate to the cargo tank(s). This
reduced flow rate should be maintained until the bottom framing in the tank is covered and all
splashing and turbulence has ceased. The term commonly used to describe this process is
known as cushioning a tank. According to the International Safety Guide for Oil Tankers and
Terminals (ISGOTT), the initial flow rate should be restricted to a linear velocity that does not
exceed 1 meter per second. Table 2-7 indicates typical loading rates that correspond to a linear
velocity of 1 meter per second.Table 2-7Flow Rates Corresponding to 1 Meter Per
SecondNominal Pipeline Diameter (mm)Approximate Flow Rate (Cubic meters/hour)801710029
150672001162501833052623603204104244605425106766109877101,3548101,782Reprinted
with permission from the International Safety Guide for Oil Tankers and Terminals (ISGOTT), 5th
edition. Courtesy OCIMF, ICS, and IAPH.Throughout the loading of a cargo tank and for a period
of at least thirty minutes after the completion of loading, metallic gauging and sampling
equipment must not be introduced or allowed to remain in the tank. Nonconducting (nonmetallic)
equipment may be used at any time; however, ropes or tapes employed with this equipment
should not be made from synthetic materials.After the relaxation period of thirty minutes has
elapsed, metallic equipment may be used; however, it must be bonded and properly earthed to
the vessel’s structure before use.DISCHARGE OF STATIC ACCUMULATOR CARGOESAt the
discharge terminal, the PIC should consult with the shore representative concerning the proper
procedure to be followed when commencing the discharge of a static accumulating cargo. In
general, the initial pumping rate ashore should be limited until a sufficient cushion is developed
in the bottom of the shore tank. This precaution is followed to minimize the splashing and
agitation of the cargo at the initial stage of filling the shore tank.Transport of Residual Fuel
OilsThe carriage of high flash point residual fuel oil has historically been viewed as a substance
that did not pose a serious flammability hazard to the vessel. Despite the fact that residual fuel
oils have a measured flashpoint well above the temperature typically maintained during
transport it has been found that the vapor concentrations in the ullage space may be near to or
within the flammable range. The reason for this can vary from either the refining source or
possible blending of various components while in storage or during loading. Compounding the
problem is the fact that under present regulation the carriage of residual fuel oils is for the most



part exempt from the requirement to inert the cargo tanks provided the vessel is not heating the
fuel oil to a temperature within 5° C of its flash point. Therefore when transporting residual fuel
oils on non inerted vessels, it is recommended that personnel monitor the vapor concentration of
the atmosphere above the cargo in the tanks. Should the growth of vapors be detected in the
atmosphere of the cargo tank(s), action should be taken before a flammable atmosphere is
created preferably by purging the tank with low pressure air to maintain the vapor concentration
of the tank at a safe level. On vessels equipped with an inert gas system it is recommended that
the IG system be operated and the cargo tanks maintained in an inert condition when
transporting residual fuel oil cargoes.ToxicityAromatic hydrocarbons: Aromatic hydrocarbons—
including benzene, toluene, and xylene—are found in varying proportions in a wide array of
petroleum cargoes such as gasoline, naphtha, and even some crude oils.The TLVs of aromatic
hydrocarbons are lower than most nonaromatic hydrocarbons. For example, the TLV of benzene,
a recognized carcinogen, is as low as 1 ppm. The latent effect of exposure to benzene vapors
can result in potentially fatal disorders of the blood. In the United States, any cargo containing
0.5 percent or more benzene by volume is classified as a “regulated cargo,” and specific rules
must be followed that address handling and occupational exposure in the workplace. The
detailed requirements can be found in the U.S. Code of Federal Regulations (Title 46 CFR Part
197 Subpart C). The person-in-charge should have a thorough understanding of the content of
this regulation, as he or she is responsible for compliance with the rules.Hydrogen sulfide: Some
crude oils, described as sour, contain a high level of hydrogen sulfide. The effects of exposure to
hydrogen sulfide gas can be both quick and deadly. For a more comprehensive discussion of the
effects of hydrogen sulfide to individuals when exposed to concentrations in excess of its
published TLV of 5 ppm, consult Chapter 15.Precautions against toxicity by inhalation:
Individuals involved in handling potentially toxic substances should avoid exposure to
concentrations above the published TLV. If exposure through inhalation is possible, suitable
respiratory protection should be worn to minimize the inhalation of harmful vapors. Certain
operations such as the venting of cargo tanks during loading, purging, and gas-freeing may
result in elevated exposure to personnel on deck. During these operations, the atmosphere exits
the cargo tanks via the vent system and dilutes with the surrounding air, increasing the risk of fire
and exposure to personnel. Individuals involved in such operations should wear proper
respiratory protection.Personnel are advised never to enter a compartment that contained cargo
—or one that has been sealed for a period of time—without first testing the atmosphere. It
should be assumed that the atmosphere of an enclosed space is incapable of supporting life
until proven otherwise. All company and industry guidelines should be followed with respect to
testing and entry into an enclosed space. Entry should only be permitted after a permit-to-enter
or a marine chemist certificate has been issued.Oxygen DeficiencyAir normally contains
approximately 21 percent oxygen by volume. Individuals exposed to concentrations below that
level are at risk of suffering from oxygen deficiency.As the oxygen level decreases below 21
percent by volume, an individual will experience a changing breathing pattern. Unfortunately,



many individuals fail to recognize the danger signs associated with an oxygen-deficient
atmosphere until it is too late. This can be particularly problematic when escape involves
climbing from the bottom of a space such as a cargo tank or pumproom. The degree of
impairment will differ among individuals based on such variables as age, physical condition, and
so forth; however, all begin to experience the adverse effects of oxygen deficiency below 16
percent by volume. The oxygen level typically maintained in the atmosphere of an inerted cargo
tank—4 percent to 8 percent oxygen by volume—will result in immediate unconsciousness of an
individual and irreversible brain damage within a short period of time.The oxygen content of any
enclosed space may be deficient for a number of reasons. Compartments in which even
seemingly harmless liquids were carried, such as freshwater and seawater ballast, can pose a
significant hazard due to a lack of oxygen. On a modern tank vessel, the most obvious cause of
oxygen deficiency is an inerted cargo tank in which the oxygen level is intentionally maintained
at or below 8 percent by volume.HAZARDS ASSOCIATED WITH INERT GASInert gas is used
on modern tank vessels to control the oxygen content within the atmosphere of the cargo
tank(s). The use of this system ensures that a nonflammable condition is maintained via oxygen
deficiency within the cargo tanks unless they are gas free. On board most petroleum tankers,
inert gas is derived either by using the flue gas from the boilers or an oil-fired generator. Before
the flue gas is piped to the tanks it is processed (cooled and cleaned) in a scrubber. Table 2-8
shows the composition of the flue gas before and after the scrubbing process.Table 2-8Content
of Flue Gas Before and After ScrubbingContentBeforeAfterNitrogen80% by
volumeSameCarbon dioxideApprox. 14%SameOxygen2–5%SameSulfur dioxideApprox.
0.3%Approx. 0.005% by volumeCarbon monoxideApprox. 0.01 % by volumeSameNitrogen
oxidesApprox. 0.02% by volumeSameWater vaporApprox. 5% by volumeApprox. 0.01% by
volumeSoot and particulate300 mg/m3 by volume30 mg/m3Heat200°–300°CNear ambient sea
temp.As indicated in table 2-8, the primary hazard associated with inert gas is its exceptionally
low oxygen content. In addition to oxygen deficiency, exposure to an inert gas derived from a
combustion process (exhaust gas) should be avoided as it contains a number of toxic
constituents including carbon monoxide, sulfur dioxide, and nitrogen oxides.The carbon
monoxide content depends on the combustion conditions. The TLV of carbon monoxide is 25
ppm. At an elevated level of exposure, the blood loses its ability to carry oxygen from the lungs
to the rest of the body, resulting in carbon monoxide poisoning. The symptoms are headache,
drowsiness, unconsciousness, and vomiting. In extreme cases, internal suffocation may occur,
followed by death. The treatment is to remove the victim to fresh air or supply oxygen and, if
necessary, apply artificial respiration.The sulfur dioxide content of the exhaust gas usually
depends on the sulfur content of the fuel oil consumed in the combustion process as well as the
efficiency of the scrubber.Cargo ReactivityReactivity hazards are associated with certain liquids
that tend to react to extremes of temperature, violent movement, and so forth, as well as to
mixing with incompatible liquids and materials. The type of reaction will depend on the stability
of the liquid and its compatibility with other liquids and materials.CHAPTER 2Cargo



CharacteristicsRICHARD BEADON AND MARK HUBERNumerous potential hazards are
associated with the seagoing transport of bulk liquid cargoes. To minimize those risks it is
imperative for the person-in-charge (PIC) to have a keen understanding of the physical
properties of the cargo being transported. Experience has shown that a thorough working
knowledge of the cargo is vital to intelligent decision-making with respect to safe carriage as well
as to efforts to maintain quality assurance. Improper transfer procedures, stowage, and care of
the cargo have all factored into incidents that resulted in harm to personnel and damage to
vessel, cargo, and the environment. This chapter seeks to address the main characteristics and
hazards presented by the cargo as it relates to the role of the vessel PIC. Many of the properties
and hazards discussed in this chapter apply to all bulk liquids. However, due to their special
nature, liquid chemicals may present significantly different characteristics and hazards.BULK
LIQUID CARGOESTank vessels transport a wide variety of liquids in bulk (unpackaged). These
fall under three broad classifications: petroleum liquids, chemical liquids, and special
liquids.Petroleum LiquidsPetroleum liquids consist of naturally occurring crude oil and the
various products derived (refined) from this raw material, including the
following:GasolineKeroseneResidual fuel oilFuel oilJet
fuelAsphaltDieselLubricantsCokeResidual fuel
oilAsphaltGasolineGasolineKeroseneKeroseneResidual fuel oilResidual fuel oilFuel oilFuel
oilJet fuelJet fuelAsphaltAsphaltDieselDieselLubricantsLubricantsCokeCokeResidual fuel
oilResidual fuel oilAsphaltAsphaltChemical LiquidsA liquid chemical is any substance used in,
or obtained by, a chemical process. There are literally hundreds of different chemicals
transported by tank vessels. These substances are derived from many sources and have
diverse characteristics. They may be categorized as organic or inorganic chemicals. Table 2-1
shows a sampling of each.Table 2-1Chemical LiquidsOrganic ChemicalsInorganic
ChemicalsAromatic hydrocarbonsBoric acidVinyl chlorideSulfuric acidAcetonePhosphoric
acidAcetic acidCaustic sodaStyrene monomerHydrochloric acidAcrylonitrileMolten
sulfurOrganic ChemicalsOrganic ChemicalsInorganic ChemicalsInorganic ChemicalsAromatic
hydrocarbonsAromatic hydrocarbonsBoric acidBoric acidVinyl chlorideVinyl chlorideSulfuric
acidSulfuric acidAcetoneAcetonePhosphoric acidPhosphoric acidAcetic acidAcetic acidCaustic
sodaCaustic sodaStyrene monomerStyrene monomerHydrochloric acidHydrochloric
acidAcrylonitrileAcrylonitrileMolten sulfurMolten sulfurSpecial LiquidsLiquid substances other
than those classified as petroleum or chemical are described as special liquids. Table 2-2 shows
some examples.Table 2-2Special LiquidsAnimal/Vegetable OilsMiscellaneous LiquidsPalm
oilFreshwaterSoybean oilBeerSunflower oilWineOther vegetable oilsAnimal oilsTallow and
greasesMolassesAnimal/Vegetable OilsAnimal/Vegetable OilsMiscellaneous
LiquidsMiscellaneous LiquidsPalm oilPalm oilFreshwaterFreshwaterSoybean oilSoybean
oilBeerBeerSunflower oilSunflower oilWineWineOther vegetable oilsOther vegetable oilsAnimal
oilsAnimal oilsTallow and greasesTallow and greasesMolassesMolassesPROPERTIES OF
PETROLEUMCrude oil and the products derived from the raw material are considered



petroleum liquids. Crude oil is a mixture of a wide range of long-chain hydrocarbon molecules. A
hydrocarbon molecule is essentially one or more hydrogen atoms linked with one or more
carbon atoms, hence the term hydrocarbon. The composition of crude oil varies widely
(paraffins, naphthenes, or aromatics) depending on its geographic source. Crude oil can be
described as either “heavy” or “light” based upon its specific gravity. The number of carbon
atoms in the hydrocarbon molecule influences the specific gravity of a crude oil. The greater the
number of carbon atoms in a molecule, the heavier the molecule will be.A compound is a
chemical substance made up of two or more elements bonded together and not separable by
physical means. Crude oil is a mixture of hydrocarbon compounds ranging from those that are
partly gaseous under normal atmospheric conditions to those that are liquid or solid. Also
present are traces of nitrogen, sulfur, oxygen, and metals. Crude oils containing sulfur
compounds such as hydrogen sulfide are known as sour crudes and are characterized by a vile
and nauseating rotten-egg odor.The refining process involves separating the various
hydrocarbon compounds in crude oil into groups or fractions of compounds having similar
boiling point ranges. A number of methods are used in the refining process including the
following:Distillation, or physical separation, consists of boiling off the crude oil and splitting it
into a number of fractions.Cracking is a chemical conversion that results in splitting the heavier
fractions into lighter fractions. Each fraction has its own boiling point and a unique set of physical
properties.Purification is the process of removing certain impurities (such as sulfur) from the
petroleum products during the refining process.FLAMMABILITY CHARACTERISTICS OF BULK
LIQUID CARGOESThere are serious fire risks associated with the transport of petroleum and
certain chemical cargoes; hence a discussion of these characteristics is in order. To enable the
PIC to judge the degree of risk, most cargoes are categorized according to their flammability.
Following is a review of some basic terms used in the classification of cargoes:Volatility: In a fire
involving a flammable liquid, the vapor that is given off by the liquid burns, not the liquid itself.
Therefore, the flammability of a liquid cargo will depend primarily on the ability of the liquid to
produce flammable vapor. Volatility is a term used to describe the tendency of oils or chemical
products to produce flammable vapor. To assist the PIC, there are a number of ways of
expressing the volatility of a liquid.True vapor pressure (TVP): Vapor pressure indicates the
volatility of a liquid. For example, when a petroleum (liquid) cargo is loaded into a tank, it will
begin to vaporize into the space above. When the vapor and liquid in the space reach
equilibrium, the pressure exerted on the liquid is its true vapor pressure. The true vapor pressure
of a petroleum liquid will vary due to differences in composition and temperature; consequently
another method of expressing the vapor pressure is employed—the Reid vapor pressure
(RVP).Reid vapor pressure (RVP): Reid vapor pressure is the measured vapor pressure that
results when a sample of liquid in a closed container is heated to a standard temperature of
100°F (37.8°C). It is determined in a standard laboratory experiment using Reid testing
apparatus. This test is of practical value to the PIC as it replicates the conditions that may exist
during transport of a cargo at sea. It does so by providing an indication of the behavior of a



particular cargo in the sealed tanks of a vessel when subjected to changing ambient (sea and
air) temperatures. Reid vapor pressure is used in the classification of flammable liquids, as
shown in table 2-4.Flash point: Another term frequently encountered in the classification of
liquids is flash point. The flash point of a flammable liquid is the lowest temperature at which the
liquid gives off sufficient vapor to form an ignitable mixture near its surface. This mixture of vapor
and air is ignitable by an external source of ignition, but the rate of vaporization is usually
insufficient to sustain combustion.Fire point: The fire point of a flammable liquid is the lowest
temperature at which the liquid will produce sufficient vapor to ignite and continue to burn. This
temperature is higher than the flash point of a liquid. The principal use of the terms flash point
and fire point is to indicate the relative fire hazard associated with different products.Autoignition
temperature: The autoignition point of a liquid is the lowest temperature at which sustained
combustion will occur in a liquid without the application of a spark or flame (external source of
ignition). This temperature is above the fire point of a liquid.Flammable limits: A liquid cannot
burn unless it emits flammable vapors. In order to burn, the correct proportions of oxygen, vapor,
and heat must be present. The flammable vapor of a liquid must therefore mix with air in the
proper proportions to form an ignitable mixture.Lower explosive limit (LEL) or lower flammable
limit (LFL): The lower explosive limit is the smallest percentage of vapor in air that will form an
ignitable mixture (point C in Figure 2-1). If the concentration of vapor is below the LEL, the
mixture is considered “lean” and will not support combustion.Figure 2-1. Flammable range
diagram. Reprinted with permission from the International Safety Guide for Oil Tankers and
Terminals (ISGOTT), 5th edition. Courtesy OCIMF, ICS and IAPHUpper explosive limit (UEL) or
upper flammable limit (UFL): The upper explosive limit is the greatest percentage of vapor in air
that will form an ignitable mixture (point D in Figure 2-1). If the percentage of vapor present
exceeds the UEL, the mixture is considered “rich” and will not support combustion.Flammable
range or explosive range: The flammable or explosive range diagram in Figure 2-1 illustrates all
the possible combinations of vapor in air (between the upper and lower flammable limits) that
form an ignitable mixture. Mixtures of hydrocarbon vapor and air that lie outside the flammable
range (shaded area in the curve) will not support combustion. In the case of oil cargoes, if the
hydrocarbon concentration is below the lower explosive limit, there is insufficient vapor to
support combustion. Conversely, if the hydrocarbon concentration is above the upper explosive
limit, there is insufficient air to support combustion.Table 2-3Typical Flammable Limits of Sample
CargoesProductLELUELRangeCrude (average)1.0%10.0%9.0%Gasoline1.3%7.6%6.3%Kerose
ne0.7%6.0%5.3%Benzene1.4%8.0%6.6%Ethylene oxide2.0%100.0%98.0%Ammonia15.5%27.
0%11.5%Naphtha0.9%6.7%5.8%ProductProductLELLELUELUELRangeRangeCrude
(average)Crude (average)1.0%1.0%10.0%10.0%9.0%9.0%GasolineGasoline1.3%1.3%7.6%7.6
%6.3%6.3%KeroseneKerosene0.7%0.7%6.0%6.0%5.3%5.3%BenzeneBenzene1.4%1.4%8.0%
8.0%6.6%6.6%Ethylene oxideEthylene oxide2.0%2.0%100.0%100.0%98.0%98.0%AmmoniaA
mmonia15.5%15.5%27.0%27.0%11.5%11.5%NaphthaNaphtha0.9%0.9%6.7%6.7%5.8%5.8%
Source: United States Coast GuardSource: United States Coast GuardThe flammable limits can



vary substantially for different petroleum and chemical cargoes. Table 2-3 lists the typical limits
of flammability for several cargoes. To determine the flammable limits of a particular cargo,
consult the data sheets or the laboratory analysis of the cargo.Vapor density: Vapor density is
the ratio of the weight of a vapor or gas with no air present compared to an equal volume of air at
the same temperature and pressure. The vapor density of a liquid can only be accurately
determined in a standard laboratory experiment. A vapor density of 1 indicates that the gas
weighs the same as that of an equal volume of air. Values less than 1 indicate that the gas is
lighter than air and will tend to rise. Values greater than 1 would indicate that the gas is heavier
than air and would tend to settle.An understanding of vapor density is important because most
petroleum cargo vapors are heavier than air and will settle in lower regions of a tank or pump
room. This is an important consideration when determining the method and adequacy of testing
an atmosphere for the presence of cargo vapors.Vapor density is also an important element that
contributes to the accumulation of flammable vapors on deck and around the superstructure
while tanks are venting during a loading operation.AVOIDANCE OF THE FLAMMABLE
RANGETo enhance the overall safety of transporting flammable cargoes, many tank vessels are
equipped with inert gas systems (see chapter 16 for a detailed discussion). The purpose of this
system is to maintain the atmosphere of the cargo tanks in a nonflammable condition throughout
the voyage cycle (operating life) of the vessel. This is achieved through the use of a gas or a
mixture of gases that is deficient in oxygen and therefore incapable of supporting combustion.
Although the atmosphere of a tank may contain flammable vapors in varying concentration,
there can be no fire or explosion if the tank is starved of oxygen.A properly inerted cargo space
is any compartment with an atmosphere containing 8 percent or less oxygen by volume and
maintained under positive pressure. The application of an inert gas system during a typical
voyage can best be illustrated relative to a flammable range diagram (Figure 2-1). The goal of
this system is to prevent the atmosphere of the cargo tanks from ever entering the flammable
range.Voyage Cycle (Inert Gas Cycle)A convenient starting point for this discussion is a vessel in
the shipyard with the entire cargo system clean and gas free (see chapter 15 for a discussion of
the gas-free state). As shown in the flammable range diagram (Figure 2-1), the atmosphere of
the cargo tanks would likely be found near position A with an oxygen content of 21 percent by
volume and a reading of less than 1 percent of the LEL on a combustible-gas indicator. Prior to
departing the yard or while en route to the first loading port, the inert gas system is operated to
carry out the primary inerting of the cargo tanks. With vents open, the fresh air is driven out of
the cargo tanks and replaced with good quality inert gas. The net effect of this operation is to
lower the oxygen content of the atmosphere in the cargo tanks. Primary inerting is illustrated in
Figure 2-1 by moving to the left along the horizontal axis from point A until the atmosphere
reaches 8 percent or less oxygen by volume. It should be noted that as the oxygen content of a
space is lowered, the range of flammability for most petroleum products decreases
progressively until it terminates at about 11 percent oxygen by volume.At the loading port, cargo
entering the empty tanks will start to displace the inert atmosphere. Due to the turbulence of the



loading operation, flammable cargo vapors are generated, resulting in the atmosphere moving
up the vertical (hydrocarbon) axis of the flammable range diagram toward point F. There is no
material change in the oxygen content provided a positive pressure is maintained within the
space, thereby preventing the ingress of air. At the completion of the loading operation, the
atmosphere above the cargo in the topped-off tank(s) is likely to be a rich mixture, yet still in an
inert state.During the sea passage to the discharge port, the oxygen content and tank (deck)
pressure should be monitored. Some operators have reported a significant increase in the
oxygen content of the atmosphere of inerted cargo tanks during the loaded passage. The only
cause that could be attributed to the oxygenation of the atmosphere involved a characteristic of
the cargo. Upon leaving the dock at the loading terminal, the vessel cargo tanks were reported to
have a measured oxygen content of 5% by volume, and upon arrival at the discharge terminal
the oxygen content was found to be between 14% and 15% by volume. Also, due to the fact that
liquid cargoes expand and contract with changes in sea and air temperature, significant
fluctuations in the tank (deck) pressure occur during the voyage. If, for example, the deck
pressure rises as a result of increasing ambient temperatures, it may be necessary to vent off
the excess pressure. Conversely, when colder temperatures and a corresponding drop in tank
(deck) pressure are encountered, it may be necessary to start the inert gas system and top up
the pressure in the tanks. Topping-up is defined as the introduction of inert gas into a tank
already in the inert condition with the object of increasing the tank pressure to prevent any
ingress of air.Upon arrival at the discharge port, the inert gas system is started and operated for
the duration of the cargo discharge. Inert gas is delivered to the tanks to replace the cargo being
discharged. To ensure that positive pressure is maintained, the inert gas supply must exceed the
cargo discharge rate. During the discharge operation (Figure 2-1) the hydrocarbon concentration
of the atmosphere will drop as the cargo vapors are diluted with inert gas. Thereafter, during
each successive load and discharge, the tank atmosphere moves up and down the vertical
(hydrocarbon) axis. This vertical change is acceptable provided oxygen (air) is not introduced
into the space, possibly compromising the inert status of the tank or vessel.If a problem should
develop at the discharge port, this may necessitate a return to the shipyard. During the ballast
trip it may become necessary to prepare the cargo tank(s) for entry by personnel. The tank or
tanks should be water-washed in accordance with recommended guidelines while maintaining
an inert condition. Following the wash, the tanks are purged with inert gas prior to ventilation with
air.PURGINGPurging is the introduction of inert gas into a tank that is already in an inert
condition with the object of reducing the hydrocarbon concentration to a point where subsequent
ventilation with fresh air will not result in the creation of a flammable atmosphere. The purging
process is illustrated in Figure 2-1 by moving from point F to point H.Safe industry practice
dictates that purging of a tank should continue until the hydrocarbon concentration of the space
is 2 percent or less by volume as determined by using a suitable hydrocarbon analyzer.Upon
completion of purging, the space is ventilated with air using portable fans or the inert gas system
in the gas-free mode. Ventilating with air at this point further reduces the hydrocarbon



concentration while increasing the oxygen content of the space. The ventilation process
continues until the atmospheric tests reveal a return to safe readings (21 percent oxygen by
volume and less that 1 percent LEL on a combustible-gas indicator). The process of ventilating
the tank with air is shown in Figure 2-1 by moving from point H to point A.It is important to realize
that avoidance of the flammable range in this way is the expectation of the transportation
industry and is only possible if the operator thoroughly understands the use of the inert gas
system.CLASSIFICATION OF PETROLEUMPetroleum liquids are classified in many ways
throughout the world. The following information addresses two common
approaches.International ClassificationIn many safety-related rules and regulations, petroleum
cargoes are broadly classified as volatile liquids and nonvolatile liquids.Volatile liquids:
Petroleum liquids that have closed-cup flash points below 140°F (60°C) are considered volatile.
Over the normal range of ambient temperatures encountered during transport, cargoes in this
category are capable of producing gas/air mixtures within and above the flammable range. For
this reason, volatile cargoes are frequently transported in a tank with a controlled (inerted)
atmosphere.Nonvolatile liquids: These are petroleum products that have closed-cup flash points
of 140° F (60° C) and above. Over the normal range of ambient temperatures encountered
during transport the atmosphere above these cargoes (headspace) typically contains gas
concentrations below the lower flammable limit. Cargoes in this category include residual fuel
oils and diesel oils. Due to other properties associated with these cargoes, however, the
application of heat is often necessary during the voyage. Caution must be exercised with heated
cargo, as the creation of a flammable atmosphere is possible if it is heated to or near the flash
point.United States Coast Guard ClassificationThe United States Coast Guard (USCG)
separates petroleum liquids into two categories: flammable and combustible.Flammable liquids:
Liquids that have an open-cup flash point at or below 80°F (26.7°C) are classified as flammable
liquids.Combustible liquids: Liquids that have an open-cup flash point above 80°F (26.7°C) are
classified as combustible liquids.The flammable and combustible liquids are subdivided into
grades based on their flash points and Reid vapor pressures. Tables 2-4 and 2-5 show the
USCG classification system contained in Title 46 CFR Parts 30.10.15 and 30.10.22.Table
2-4USCG Classification of Flammable Liquids Flash Point at or below 80°F (26.7°C)GradeFlash
PointReid Vapor PressureExamplesA80°F or below14 psi and aboveNatural gasoline,
naphthaB80°F or belowMore than 8.5 but less than 14 psiMost commercial gasolineC80°F or
below8.5 psi and belowMost crude oilsAviation gasolineGradeGradeFlash PointFlash PointReid
Vapor PressureReid Vapor PressureExamplesExamplesAA80°F or below80°F or below14 psi
and above14 psi and aboveNatural gasoline, naphthaNatural gasoline, naphthaBB80°F or
below80°F or belowMore than 8.5 but less than 14 psiMore than 8.5 but less than 14 psiMost
commercial gasolineMost commercial gasolineCC80°F or below80°F or below8.5 psi and
below8.5 psi and belowMost crude oilsAviation gasolineMost crude oilsAviation gasolineTable
2-5USCG Classification of Combustible Liquids Flash Point above 80°F (26.7°C)GradeFlash
PointReid Vapor PressureExamplesDAbove 80°F but below 150°FN/AKeroseneCommercial jet



fuelsE150°F and aboveN/AHeavy fuelLube oilsAsphaltGradeGradeFlash PointFlash PointReid
Vapor PressureReid Vapor PressureExamplesExamplesDDAbove 80°F but below 150°FAbove
80°F but below 150°FN/AN/AKeroseneCommercial jet fuelsKeroseneCommercial jet
fuelsEE150°F and above150°F and aboveN/AN/AHeavy fuelLube oilsAsphaltHeavy fuelLube
oilsAsphaltCARGO WEIGHT, CAPACITY, AND FLOWTo plan the loading of a liquid cargo into a
tank vessel, it is necessary to know the unit weight of the cargo and the amount of space it will
occupy. Once a cargo has been loaded into a tank, it is then necessary to determine the quantity
in the tank. At the discharge port, it is necessary to again determine the quantity of cargo
onboard prior to the discharge.The safe, efficient, and accurate determination of the quantity of
cargo in the vessel’s tanks is a key responsibility of the PIC. The quantity of cargo is an important
factor for proper accounting (billing); for cargo calculation (determining draft, trim, and stress in
order to ensure the vessel is not overloaded); and for calculation of transfer rates. The PIC
should therefore be familiar with the following terms relating to volume and weight, as they are
used in conjunction with the transport of liquid cargoes in bulk.DensityThe density of a
substance is the weight per unit volume at a standard temperature of 60°F (15.6°C). The density
of a liquid is expressed in ounces per cubic foot. For example, at a standard temperature of 60°F
(15.6°C), the density of freshwater is 1,000 ounces (62.5 lbs) per cubic foot and the density of
salt water is 1,025 ounces (64.06 lbs) per cubic foot.If the density and volume of a liquid are
known, the weight of the volume occupied by the liquid can be found by using the following
formula:Weight = Volume × DensityIf the weight and volume of the liquid are known, then the
density can be found by transposing the formula:Density = Weight / VolumeSpecific Gravity
(SG)The specific gravity (SG) of a substance is the ratio of a given volume of a substance at a
standard temperature of 60°F (15.6°C) to the weight of an equal volume of freshwater at the
same temperature. For example:If the density of a liquid is known, it can be converted into
specific gravity by dividing its density by the density of freshwater.API GravityAPI gravity is an
arbitrary scale developed by the American Petroleum Institute and used in the transportation
industry as an alternative means of expressing the weight of a measured volume of a liquid.The
API gravity of a liquid is expressed in a scale of degrees API at a standard temperature of 60°F
(15.6°C). Freshwater has an arbitrary gravity of 10 degrees. Liquids lighter than freshwater have
an API gravity greater than 10 and liquids heavier than freshwater have an API gravity less than
10.For information purposes, the API gravity is derived using the following formula:API gravity in
degrees=(141.5/Specific gravity @ 60°F) – 131.5Determination of Density, Specific Gravity, and
API GravityA hydrometer is one of the instruments commonly used to measure density.
Hydrometers are calibrated to measure density in ounces; however, those that measure API
gravity are marked in degrees API. To obtain the specific gravity of a liquid, a density hydrometer
is used and the reading is divided by 1,000 (the density of freshwater).To obtain the density/API
gravity of cargo in a tank, a sample is drawn and the appropriate hydrometer used. Due to the
fact that liquid cargoes expand or contract with changes in temperatures, the reading obtained is
the density/API gravity of the liquid at which the sample was tested. Therefore, it is essential to



take a temperature reading of the sample to accurately calculate the density or API gravity.Units
of MeasureTable 2-6 shows the typical units of measure used in the transportation industry.Table
2–6Units of MeasureUnitMeasure1 barrel42 gallons (US)1 cubic meter6.2898 barrels1 ton
metric (tonne)1,000 kilograms (2,204.6226 pounds)1 ton (long)2,240 pounds (1,016.0469
kilograms)1 gross barrel42 gallons at actual temperature in the tank1 net barrel42 gallons
adjusted to standard temperature of 60°FUnitUnitMeasureMeasure1 barrel1 barrel42 gallons
(US)42 gallons (US)1 cubic meter1 cubic meter6.2898 barrels6.2898 barrels1 ton metric
(tonne)1 ton metric (tonne)1,000 kilograms (2,204.6226 pounds)1,000 kilograms (2,204.6226
pounds)1 ton (long)1 ton (long)2,240 pounds (1,016.0469 kilograms)2,240 pounds (1,016.0469
kilograms)1 gross barrel1 gross barrel42 gallons at actual temperature in the tank42 gallons at
actual temperature in the tank1 net barrel1 net barrel42 gallons adjusted to standard
temperature of 60°F42 gallons adjusted to standard temperature of 60°FViscosityViscosity is a
measure of the internal friction of a liquid or its resistance to flow. It is an important consideration
when determining the pumpability of a liquid cargo. The viscosity of a liquid changes with
different temperatures. For example, as the temperature of a liquid increases, the viscosity
decreases. For efficient loading and discharging of the vessel, the PIC should be aware of the
optimum viscosity of the cargo. This value is useful in determining the heating requirements of a
cargo and the proper temperatures to be maintained during cargo transfer and in transit.There
are many standards for expressing viscosity. Controlled laboratory experiments are used to
determine the viscosity of a liquid. In one method, Saybolt Seconds Universal (SSU), viscosity is
measured by the time in seconds that it takes for a liquid at a prescribed temperature to drain
from a standard viscosimeter. This information is typically derived from a laboratory analysis
report of the cargo.Pour PointThe pour point of a liquid is the lowest temperature at which the
liquid will remain fluid. It is expressed as a temperature either in degrees Fahrenheit or Celsius.
The PIC should be mindful of this temperature when transporting cargoes with elevated pour
points. Examples of such cargoes include residual fuel oils, vacuum gas oils, wax, and asphalt.
During transport, the cargo temperature in the tanks should be closely monitored and the
heating system adjusted to maintain the recommended temperature. To avoid possible
solidification of the cargo, the temperature should never be allowed to approach the pour point
of the substance.Cloud PointThe temperature below which sludge deposition can be expected
in the cargo tanks. In the case of certain crude oils that require the application of heat it
represents the temperature at which the paraffin wax in the crude separates from the liquid
phase of the cargo.TOXICITY—MEASUREMENT AND REGULATIONSToxicity refers to the
poisonous nature and potential health risks associated with a particular substance. The toxicity
of a substance is difficult to measure and is subject to revision as more detailed information
about the ramifications of exposure become available. The threshold limit value–time weighted
average provides a convenient indicator of the relative toxicity of gases and assists individuals in
reducing health risks. Studies performed on animals and extrapolated for the human body form
the basis of rating toxicity levels.Threshold Limit Value–Time Weighted Average (TLV-TWA)The



threshold limit value–time weighted average (TLV-TWA) is a designation established by the
American Conference of Governmental and Industrial Hygienists (ACGIH) for various
substances. These designations are used as recommended guidelines in the workplace; they
are subject to review and may be updated annually, in which case the results will be published in
ACGIH publications. The term threshold limit value–time weighted average (TLV-TWA) is used in
the transportation industry to express the toxicity of vapors from a substance. The TLV-TWA of a
substance is usually expressed as the number of parts per million (ppm) by volume of vapor in
air.According to ACGIH, “Threshold Limit Values refer to airborne concentrations of substances
and represent conditions under which it is believed that nearly all workers may be repeatedly
exposed day after day without adverse health effects.” When expressed as a time weighted
average, the concentration is considered over a normal eight-hour workday and a forty-hour
workweek.Permissible Exposure Limit–Time Weighted Average (PEL-TWA)The permissible
exposure limit (PEL) of a substance is a designation used by the Occupational Safety and
Health Administration (OSHA) and the United States Coast Guard (USCG). The PEL represents
a regulatory value (as opposed to a recommended guideline) that must not be exceeded in the
workplace. For example, the PEL-TWA for cargoes covered by the benzene regulation is 1
ppm.Threshold Limit Value–Short-Term Exposure Limit (TLV-STEL)The threshold limit value–
short-term exposure limit (TLV-STEL) defines the concentration of a substance to which workers
can be exposed continuously for a short period of time, provided that the daily TLV is not also
exceeded.The STEL is a fifteen-minute time weighted average exposure that should not be
exceeded at any time during the workday, even if the eight-hour time weighted average is within
the TLV.Exposures at the STEL may not be longer than fifteen minutes and cannot be repeated
more than four times per workday. There must also be at least sixty minutes between successive
exposures at the STEL.Threshold Limit Value–Ceiling (TLV-C)The threshold limit value–ceiling
(TLV-C) is the maximum concentration of vapor in air, expressed as either a TLV or PEL, that
must not be exceeded even for an instant. In situations when there is no established ceiling limit,
the TLV-STEL is used.Immediately Dangerous to Life or Health (IDLH)The designation IDLH
(immediately dangerous to life or health) was established by the National Institute for
Occupational Safety and Health (NIOSH), an agency of the Public Health Service.IDLH is
defined by NIOSH as a condition “that poses a threat of exposure to airborne contaminants
when that exposure is likely to cause death or immediate or delayed permanent adverse health
effects or prevent escape from such an environment.”The practical application of the IDLH
designation is to provide a basis for the selection of an appropriate respirator.Odor
ThresholdExpressed in parts per million by volume in air, the odor threshold is the smallest
concentration of a gas that can be detected by most individuals through the sense of smell.It is
not an absolute value as it can vary considerably among individuals. Some odors are also
capable of deadening the sense of smell. It is therefore not advisable to rely on the sense of
smell as an indicator of the presence of a dangerous vapor.Knowing the odor threshold of a
toxic substance is important. If, for example, a liquid has a TLV-C of 20 ppm and an odor



threshold of 50 ppm, by the time an individual detects the presence of this substance by the
sense of smell, harmful exposure has already occurred.Given the number of different liquid
cargoes transported on tank vessels, it is not possible for one person to know all the details
concerning a particular product. It is a daunting task to become familiar with all the products a
PIC might be expected to handle and transport; therefore, it is vital that the PIC know where to
turn for accurate, reliable information.Toxicity—Effect on PersonnelPoisoning by toxic liquids can
occur through one or more of the following three methods: (1) ingestion, (2) skin contact, and (3)
inhalation.INGESTIONThe risk of swallowing petroleum or chemical liquids in normal day-to-day
operations should be minimal provided individuals always exercise good hygiene. To minimize
exposure through ingestion, personnel should be reminded to wash hands thoroughly before
meals and never to eat or drink on deck. If accidental ingestion does occur, guidance can be
found in the MSDS or cargo information cards. Medical assistance should be sought
immediately.SKIN CONTACTWith most petroleum products, skin contact can cause irritation
and lead to dermatitis. Contact with the eyes and skin can be particularly dangerous when
handling corrosive cargoes such as caustics or acids. Personnel should always wear protective
clothing and eye protection when there is a risk of exposure through physical contact (splash
hazard). The MSDS gives recommended precautions for minimizing exposures. If a toxic or
corrosive liquid comes into contact with any part of the body, guidance can be found in the cargo
information sheets.INHALATIONThe inhalation of cargo vapors has long been recognized as
one of the leading hazards of exposure for workers on deck. Cargo vapors are pervasive and
therefore difficult to control. The effect of inhalation of petroleum vapors on an individual can
vary from imperceptible to obvious signs of impairment. The acute, short-term effects of
exposure to petroleum products can include headache, euphoria, eye irritation, nose and throat
irritation, loss of orientation, dizziness, and a drunken appearance. Continued exposure to high
concentrations may lead to paralysis and possibly death.The toxicity of petroleum and chemical
cargoes varies widely depending on the makeup of the substance. The presence of some
constituents in the cargo such as benzene, lead, and hydrogen sulfide can pose a significant
threat to individuals. As already discussed, the TLV provides an indication of the level of
exposure to a toxic substance that is acceptable during a typical workday over an indefinite
period of time. The STEL is an indication that the human body can tolerate concentrations
greater than the TLV for short periods, typically no more than fifteen minutes.The odor of
cargoes varies greatly and, in some cases, can fool an individual’s sense of smell. Also, with
some products, the odor threshold may be much higher than the TLV. In this case, harmful
exposure may occur before the individual starts to smell the cargo vapor. The impairment of
one’s sense of smell is especially serious if the mixture contains hydrogen sulfide. Because of
these inherent dangers, the PIC should never take the absence of smell as an indication of the
absence of gas, but should always test for toxicity, be aware of the TLVs, and follow the proper
entry procedures for enclosed spaces such as cargo tanks.SOURCES OF CARGO
INFORMATIONThere are various sources of information regarding the physical properties and



hazards of cargoes. The need for current, accurate cargo information is essential for the safety
of those involved in the transport of bulk liquid cargoes. Some of the more common sources of
cargo specific information available to the person-in-charge include the following:• Material
Safety Data Sheets (MSDS) produced by the manufacturer of the substance (see Appendix A
on enclosed disc).• Chemical Data Guide for Bulk Shipment by Water (former CG-388), Figure
2-2, and Chemical Hazards Response Information System (CHRIS), Figure 2-3, from the United
States Coast Guard. As of this writing, the United States Coast Guard has revised the CHRIS
database and made it available to the public in a number of ways: CD-ROM, the Internet (), and
in hard copy. The CD-ROM contains physical, chemical, toxi-cological, and combustion
properties for over 1,300 chemicals and mixtures in addition to pollution response and
regulatory information. In the event that the listed sources of information do not address the
substance being handled or transported, in an emergency, the PIC should contact CHEMTREC
or the National Response Center.• Tanker Safety Guide Data Sheets from the International
Chamber of Shipping (ICS)Figure 2-2. Excerpt from Chemical Data Guide for Bulk Shipment by
Water (former CG-388). Courtesy United States Coast Guard.Figure 2-3. Excert from the
Chemical Hazards Response Information System (CHRIS). Courtesy United States Coast
Guard.• Chemical Codes (Summary of Minimum Requirements) from the International Maritime
Organization (IMO)• Code of Federal Regulations (CFR) from the United States government•
Pocket Guide to Chemical Hazards from the National Institute for Occupational Safety and
Health (NIOSH)The information provided is of particular relevance to individuals responsible for
the safe transfer and transport of bulk liquid cargoes. The person-in-charge should not only have
ready access to this information but should also possess a thorough understanding of the
characteristics of the substances being handled. Toward that end, the following list summarizes
the various categories addressed in a typical material safety data sheet:Cargo identification and
emergency informationComponents and hazard informationPrimary routes of entry and
emergency and first aid proceduresFire and explosion hazard informationHealth and hazard
informationPhysical dataReactivityEnvironmental informationProtection and
precautionsTransportation and OSHA label informationA sample MSDS for commercial gasoline
from ConocoPhillips can be found in Appendix A.HAZARDSThe following list shows the main
hazards associated with the handling and carriage of bulk liquid cargoes:Fire and
explosionStatic electricityToxicityOxygen deficiencyReactivityCorrosivityFire and
ExplosionTremendous strides have been made in the design of tankers to improve the safety of
personnel and of the vessel. One of the primary areas of attention in the design of a modern
tanker is fire safety.HAZARDOUS AREAS OF THE VESSELHistorically, efforts to reduce the risk
of handling and transporting flammable cargoes have focused on the elimination of ignition
sources from those areas of the vessel where the existence of a flammable atmosphere was
likely. This led to the identification and designation of certain areas of the vessel as potentially
hazardous zones.As an additional safeguard, many tank vessels are now equipped with inert
gas systems. The use of this safety system has greatly improved the fire-prevention measures in



the tanker industry. As previously discussed, operators must have a thorough understanding of
inerting procedures to realize the full benefit of this system. The hazards and precautions
summarized in this section address the safe carriage and handling of petroleum and chemicals.
For the purposes of fire prevention, a tank vessel can be divided into the following
areas:Location of flammable atmospheres: These are areas such as non-inerted cargo tanks,
pump rooms, deckhouses, vent stacks, cargo and vapor manifolds, and others where the
existence of a flammable atmosphere is possible.Two general precautions cover the main
methods of fire prevention in these areas:1. Eliminate all sources of ignition:Smoking and open
flamesPortable electrical equipment and nonapproved flashlightsNon-intrinsically safe electronic
equipment (radios, cameras, etc.)Hot workUse of power and hand toolsElectrostatic
discharges2. Maintain the atmospheres outside the flammable range, either by removing the
hydrocarbon content (gas-freeing) or by reducing the oxygen content to 8 percent or less by
volume (inerting).Areas containing heat and ignition sources: These are working spaces such as
machinery and boiler spaces, galleys, and so forth, that contain electrical equipment and other
sources of heat and ignition. The main method of fire prevention in these areas is to keep them
free of flammable vapors.Living areas: Crew accommodation areas are normally free of
flammable vapors but contain combustible material such as furniture, linen, paper, and more.
The main method of fire prevention in these areas is to keep ignition sources to a
minimum.Pumprooms: The cargo pump room is a small, complex space that contains a large
concentration of piping and equipment. Any leakage of volatile liquids has the potential to
generate flammable and/or toxic atmospheres. A pump room may also contain a number of
potential ignition sources such as lighting, tools, electrical equipment, and mechanical
equipment. Personnel should also include the following checks as precautions against fire and
explosion:Ensure that forced draft ventilation is operating and entry procedures are followed
whenever the pump room is entered. (see Chapter 15)Make frequent rounds to find potential
sources of cargo leaks, flammable vapors, and ignition.Ensure that pumproom bilges are clean
and dry.Cargo Tanks: The prevention of fire and explosion in the cargo area of the vessel is
accomplished by the following:Maintaining an inert atmosphere in the cargo and slop tanks at all
times unless they are gas freeMaintaining a positive deck pressure in the inerted tanks to
prevent the ingress of airEliminating all possible sources of ignitionElectrostatic HazardsStatic
electricity is a potential fire and explosion risk when handling certain types of petroleum and
petrochemical cargoes. In some operations, the electrical charge generated is capable of
igniting flammable vapors such as those found in the atmosphere of a non-inerted cargo
tank.CAUSESThe sequence necessary for the development of a static electricity hazard
involves (1) charge generation, (2) charge accumulation, and (3) electrostatic discharge.The
generation of static electricity occurs at the interface of dissimilar materials. These interfaces
may be between two solids, between solids and liquids, or between liquids and liquids. If the two
materials are separated by some mechanical action, one will carry an excess of positive charge
and the other an excess of negative charge. The separated charges typically recombine to



neutralize each other.If one of the materials is a poor conductor of electricity, recombination will
be limited and a difference in charge (electrical potential) will exist between the two bodies.
These electric charges can accumulate and may equalize in the form of an electrical discharge.
If these electrical discharges generate a sufficient amount of heat, they can ignite flammable
vapors. In cargo operations, charge separation occurs in many ways:Friction caused by the flow
of petroleum liquid through extensive piping systems, strainers, and filtersPetroleum and water
mixtures in the cargo tanksSplashing or agitation of petroleum liquids such as flow through a
nozzleWhen handling a static accumulator (poor conductor of electricity), the material must be
given ample time for the separated charges to recombine. In practice, this is known as the
relaxation time during which an accumulated charge will have an opportunity to dissipate. If the
material has a high conductivity (good conductor of electricity), the recombination occurs quickly
and offsets the accumulation of separated charges. Consequently, there is little generation of
static electricity by materials that are good conductors. Examples are metals and water
solutions, including seawater, that are incapable of holding a charge unless insulated. Oils in this
category include crude oils, residual fuel oils, and asphalt.Static accumulators are characterized
as having low conductivity; they require a longer relaxation time before the charge ultimately
dissipates to earth. In this case, more static electricity accumulates, increasing the possibility of
an electrostatic discharge that could ignite a flammable atmosphere. Examples of known static
accumulators include gasoline, naphtha, kerosene, heating oil, jet fuel, and lubricating oil.The
charge that accumulates in a liquid, solid, or mist establishes an electrical field between it and
nearby earthed bodies. The strength of the electrical field is the voltage gradient, which is
determined by the difference in voltage between the two points and by their distance apart. To
prevent the possibility of an electrostatic discharge that could occur if portable equipment was
introduced into a charged atmosphere, it is sound practice to bond all metal objects together. In
other words, the PIC should not introduce any equipment that might be electrically insulated into
a potentially hazardous atmosphere. Examples of portable equipment that usually requires
bonding include portable tank cleaning machines, manual gauging equipment, temperature
probes, and sampling equipment.LOADING OF STATIC ACCUMULATOR CARGOESTo reduce
the risks associated with the handling of a known static accumulating cargo, the PIC must
adhere to several precautions. (It should be noted that static precautions are not necessary
when the cargo tank in question is maintained in the inert condition).Prior to the commencement
of a cargo transfer, the PIC should confer with a shore representative to identify any cargoes
classified as static accumulators. If in doubt, the PIC should consult the appropriate MSDS and
follow the guidance pertaining to the handling of the particular product.The PIC should take
steps to minimize the presence of water in the cargo system by properly draining all cargo tanks
and pipelines prior to the commencement of loading. The mixing of dissimilar liquids (oil and
water) can contribute to the creation of an appreciable electrostatic charge in a space and
should therefore be avoided.It is advisable to treat all distillates as static accumulators unless
they contain an antistatic additive. Distillates may carry a sufficient charge to constitute a hazard



during loading and for a period of time after the completion of the loading operation.The
beginning of the loading operation is a critical point due to the risks posed by excessive initial
loading rates, excessive splashing and turbulence into an empty tank, or the presence of water
in the pipelines and bottom of the tank.The PIC should minimize electrostatic generation in the
early stages of the loading operation by restricting the initial flow rate to the cargo tank(s). This
reduced flow rate should be maintained until the bottom framing in the tank is covered and all
splashing and turbulence has ceased. The term commonly used to describe this process is
known as cushioning a tank. According to the International Safety Guide for Oil Tankers and
Terminals (ISGOTT), the initial flow rate should be restricted to a linear velocity that does not
exceed 1 meter per second. Table 2-7 indicates typical loading rates that correspond to a linear
velocity of 1 meter per second.Table 2-7Flow Rates Corresponding to 1 Meter Per
SecondNominal Pipeline Diameter (mm)Approximate Flow Rate (Cubic meters/hour)801710029
150672001162501833052623603204104244605425106766109877101,3548101,782Nominal
Pipeline Diameter (mm)Nominal Pipeline Diameter (mm)Approximate Flow Rate (Cubic meters/
hour)Approximate Flow Rate (Cubic meters/hour)8080171710010029291501506767200200116
1162502501831833053052622623603603203204104104244244604605425425105106766766
106109879877107101,3541,3548108101,7821,782Reprinted with permission from the
International Safety Guide for Oil Tankers and Terminals (ISGOTT), 5th edition. Courtesy OCIMF,
ICS, and IAPH.Reprinted with permission from the International Safety Guide for Oil Tankers and
Terminals (ISGOTT), 5th edition. Courtesy OCIMF, ICS, and IAPH.Throughout the loading of a
cargo tank and for a period of at least thirty minutes after the completion of loading, metallic
gauging and sampling equipment must not be introduced or allowed to remain in the tank.
Nonconducting (nonmetallic) equipment may be used at any time; however, ropes or tapes
employed with this equipment should not be made from synthetic materials.After the relaxation
period of thirty minutes has elapsed, metallic equipment may be used; however, it must be
bonded and properly earthed to the vessel’s structure before use.DISCHARGE OF STATIC
ACCUMULATOR CARGOESAt the discharge terminal, the PIC should consult with the shore
representative concerning the proper procedure to be followed when commencing the discharge
of a static accumulating cargo. In general, the initial pumping rate ashore should be limited until
a sufficient cushion is developed in the bottom of the shore tank. This precaution is followed to
minimize the splashing and agitation of the cargo at the initial stage of filling the shore
tank.Transport of Residual Fuel OilsThe carriage of high flash point residual fuel oil has
historically been viewed as a substance that did not pose a serious flammability hazard to the
vessel. Despite the fact that residual fuel oils have a measured flashpoint well above the
temperature typically maintained during transport it has been found that the vapor
concentrations in the ullage space may be near to or within the flammable range. The reason for
this can vary from either the refining source or possible blending of various components while in
storage or during loading. Compounding the problem is the fact that under present regulation the
carriage of residual fuel oils is for the most part exempt from the requirement to inert the cargo



tanks provided the vessel is not heating the fuel oil to a temperature within 5° C of its flash point.
Therefore when transporting residual fuel oils on non inerted vessels, it is recommended that
personnel monitor the vapor concentration of the atmosphere above the cargo in the tanks.
Should the growth of vapors be detected in the atmosphere of the cargo tank(s), action should
be taken before a flammable atmosphere is created preferably by purging the tank with low
pressure air to maintain the vapor concentration of the tank at a safe level. On vessels equipped
with an inert gas system it is recommended that the IG system be operated and the cargo tanks
maintained in an inert condition when transporting residual fuel oil cargoes.ToxicityAromatic
hydrocarbons: Aromatic hydrocarbons—including benzene, toluene, and xylene—are found in
varying proportions in a wide array of petroleum cargoes such as gasoline, naphtha, and even
some crude oils.The TLVs of aromatic hydrocarbons are lower than most nonaromatic
hydrocarbons. For example, the TLV of benzene, a recognized carcinogen, is as low as 1 ppm.
The latent effect of exposure to benzene vapors can result in potentially fatal disorders of the
blood. In the United States, any cargo containing 0.5 percent or more benzene by volume is
classified as a “regulated cargo,” and specific rules must be followed that address handling and
occupational exposure in the workplace. The detailed requirements can be found in the U.S.
Code of Federal Regulations (Title 46 CFR Part 197 Subpart C). The person-in-charge should
have a thorough understanding of the content of this regulation, as he or she is responsible for
compliance with the rules.Hydrogen sulfide: Some crude oils, described as sour, contain a high
level of hydrogen sulfide. The effects of exposure to hydrogen sulfide gas can be both quick and
deadly. For a more comprehensive discussion of the effects of hydrogen sulfide to individuals
when exposed to concentrations in excess of its published TLV of 5 ppm, consult Chapter
15.Precautions against toxicity by inhalation: Individuals involved in handling potentially toxic
substances should avoid exposure to concentrations above the published TLV. If exposure
through inhalation is possible, suitable respiratory protection should be worn to minimize the
inhalation of harmful vapors. Certain operations such as the venting of cargo tanks during
loading, purging, and gas-freeing may result in elevated exposure to personnel on deck. During
these operations, the atmosphere exits the cargo tanks via the vent system and dilutes with the
surrounding air, increasing the risk of fire and exposure to personnel. Individuals involved in such
operations should wear proper respiratory protection.Personnel are advised never to enter a
compartment that contained cargo—or one that has been sealed for a period of time—without
first testing the atmosphere. It should be assumed that the atmosphere of an enclosed space is
incapable of supporting life until proven otherwise. All company and industry guidelines should
be followed with respect to testing and entry into an enclosed space. Entry should only be
permitted after a permit-to-enter or a marine chemist certificate has been issued.Oxygen
DeficiencyAir normally contains approximately 21 percent oxygen by volume. Individuals
exposed to concentrations below that level are at risk of suffering from oxygen deficiency.As the
oxygen level decreases below 21 percent by volume, an individual will experience a changing
breathing pattern. Unfortunately, many individuals fail to recognize the danger signs associated



with an oxygen-deficient atmosphere until it is too late. This can be particularly problematic when
escape involves climbing from the bottom of a space such as a cargo tank or pumproom. The
degree of impairment will differ among individuals based on such variables as age, physical
condition, and so forth; however, all begin to experience the adverse effects of oxygen deficiency
below 16 percent by volume. The oxygen level typically maintained in the atmosphere of an
inerted cargo tank—4 percent to 8 percent oxygen by volume—will result in immediate
unconsciousness of an individual and irreversible brain damage within a short period of
time.The oxygen content of any enclosed space may be deficient for a number of reasons.
Compartments in which even seemingly harmless liquids were carried, such as freshwater and
seawater ballast, can pose a significant hazard due to a lack of oxygen. On a modern tank
vessel, the most obvious cause of oxygen deficiency is an inerted cargo tank in which the
oxygen level is intentionally maintained at or below 8 percent by volume.HAZARDS
ASSOCIATED WITH INERT GASInert gas is used on modern tank vessels to control the oxygen
content within the atmosphere of the cargo tank(s). The use of this system ensures that a
nonflammable condition is maintained via oxygen deficiency within the cargo tanks unless they
are gas free. On board most petroleum tankers, inert gas is derived either by using the flue gas
from the boilers or an oil-fired generator. Before the flue gas is piped to the tanks it is processed
(cooled and cleaned) in a scrubber. Table 2-8 shows the composition of the flue gas before and
after the scrubbing process.Table 2-8Content of Flue Gas Before and After
ScrubbingContentBeforeAfterNitrogen80% by volumeSameCarbon dioxideApprox.
14%SameOxygen2–5%SameSulfur dioxideApprox. 0.3%Approx. 0.005% by volumeCarbon
monoxideApprox. 0.01 % by volumeSameNitrogen oxidesApprox. 0.02% by volumeSameWater
vaporApprox. 5% by volumeApprox. 0.01% by volumeSoot and particulate300 mg/m3 by
volume30 mg/m3Heat200°–300°CNear ambient sea
temp.ContentContentBeforeBeforeAfterAfterNitrogenNitrogen80% by volume80% by
volumeSameSameCarbon dioxideCarbon dioxideApprox. 14%Approx.
14%SameSameOxygenOxygen2–5%2–5%SameSameSulfur dioxideSulfur dioxideApprox.
0.3%Approx. 0.3%Approx. 0.005% by volumeApprox. 0.005% by volumeCarbon
monoxideCarbon monoxideApprox. 0.01 % by volumeApprox. 0.01 % by
volumeSameSameNitrogen oxidesNitrogen oxidesApprox. 0.02% by volumeApprox. 0.02% by
volumeSameSameWater vaporWater vaporApprox. 5% by volumeApprox. 5% by volumeApprox.
0.01% by volumeApprox. 0.01% by volumeSoot and particulateSoot and particulate300 mg/m3
by volume300 mg/m3 by volume30 mg/m330 mg/m3HeatHeat200°–300°C200°–300°CNear
ambient sea temp.Near ambient sea temp.As indicated in table 2-8, the primary hazard
associated with inert gas is its exceptionally low oxygen content. In addition to oxygen
deficiency, exposure to an inert gas derived from a combustion process (exhaust gas) should be
avoided as it contains a number of toxic constituents including carbon monoxide, sulfur dioxide,
and nitrogen oxides.The carbon monoxide content depends on the combustion conditions. The
TLV of carbon monoxide is 25 ppm. At an elevated level of exposure, the blood loses its ability to



carry oxygen from the lungs to the rest of the body, resulting in carbon monoxide poisoning. The
symptoms are headache, drowsiness, unconsciousness, and vomiting. In extreme cases,
internal suffocation may occur, followed by death. The treatment is to remove the victim to fresh
air or supply oxygen and, if necessary, apply artificial respiration.The sulfur dioxide content of
the exhaust gas usually depends on the sulfur content of the fuel oil consumed in the
combustion process as well as the efficiency of the scrubber.Cargo ReactivityReactivity hazards
are associated with certain liquids that tend to react to extremes of temperature, violent
movement, and so forth, as well as to mixing with incompatible liquids and materials. The type of
reaction will depend on the stability of the liquid and its compatibility with other liquids and
materials.
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SaltySeaCook, “Very In-Depth. Bought this book as I was going to work on a tanker for the first
time. If you just want a basic overview of tanker ships and whatnot, this book is a bit much to
digest. if on the other hand you are looking at making a career on tankers or studying for the
Tankerman PIC endorsement, then this book is right up your alley.It is up-to-date and is a must
have for those who will work in the deck department of a tanker ship or on-board tank barges
including ATB's.”

Karl H. Huffman, “Refresher. Being an old retired tanker sailor myself I was interested in bringing
myself up-to-date on this industry. This book did all that and more. I can highly recommend it to
those sitting there mate's exam and/or taking up a career in tankships.”

John Hoegemeier, “Excellent single source document for tanker operations. The book provided
detailed and in depth information on tanker operations”

TexasShipAgent, “Highly recommend this book. Great entry level book for tanker operations be it
shore or on water jobs, purchased 5 copies for our staff.”

Ebook Library Reader, “Five Stars. Excellent material for studies and tanker operation.”

berteaux, “This book is essential if you never want to see your cargo.. Best non-fiction book Ive
ever read; impressive story telling and illustrations. I bring it to work with me everyday, seriously.”

The book by William G. Holder has a rating of  5 out of 4.7. 18 people have provided feedback.
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