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" NSPS by Name of NSPS Continuous Emission
Subpart Monitoring (CEM) of What?
Subpart D | Fossil Fuel Fired Steam Generators Opacity, SO,, NOy, Oxygen or
CO,
Subpart Da | Standards of Performance for Electric Utility Steam Opacity, SO,, NOy, Oxygen or

Generating Units for Which Construction is Commenced CO,

after September 18, 1978

Subpart Pb | Standards of Performance for Industrial-Commercial- SQO,, Opacity, NOy

Institutional Steam Generating Units

Subpart Dc | Standards of Performance for Small Industrial-Commercial- SO,, Opacity
Institutional Steam Generating Units

Subpart J Standards of Performance for Petroleum Refineries Opacity, CO, SOy,

Subpart K | Standards of Performance for Storage Vessels for Petroleum Keep records of:

Liquids for which Construction, Reconstruction, or (1) The petroleum liquid stored,

| Modification Commenced after June 11, 1973 and Prior to (2) The period of storage,

May 19, 1978 (3) the maximum true vapor
pressure of that liquid during the
respective storage period
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Vessels) for Which Construction, Reconstruction, or vessel,

Modification Commenced after July 23, 1984 (2) The volatile organic liquid
(VOL) stored,

(3) The period of storage,
(4) The maximum true vapor
pressure of that VOL during the
respective storage period
Subpart Standards of Performance for Equipment Leaks of VOC in VOC’s
GGG Petroleum Refineries '
Subpart Standards of Performance for VOC Emissions from Temperature and VOC’s
QQQ Petroleum Refinery Wastewater Systems




Concern
Dver
'Ozone

\tmospheric ozone
resents two distinct
:hallenges: preventing its
wuildup at ground levels,
vhere it contﬁbutés to |
iIrban smog, and pre-
?en;ing its destruction in
" stratosphere, where

t protects us from ultra-

riolet rays.

i zone, the three-atom variant
of oxygen, seems an unrivaled
paradox among gases in the
earth’s atmosphere. Ozone dc-

urs in two separate regions of the at-

nosphere and creates a different concern

r -ach place. Where ozone is essential,

- - being diminished. Where it is un-

wanted, ozone sometimes accumulates.
In the stratosphere, which starts at
7-12 miles above the earth and extends to
about 30 miles out in near space, a layer
of ozone of about 300 parts per billion
(ppb) helps sustain life on the planet by
absorbing much of the suns dangerous

ultraviolet (UV) radiation.

In the lower reaches of the more fa-
miliar troposphere (which extends un-
evenly from the ground up to 6-10 miles),
ozone is considered an air pollutant. A
key component of urban smog, ozone can
irritate lungs &' damage certain plants at
concentrations near -~e ambient levels in
many areas. Although ozone levels are
typically much lower in the lower at-
mosphere, they can range from a few tens
of ppb to a level greater than that in the
stratosphere, depending on . location.
Ozone is not emitted directly from any
source, yet over 60 major U.S. urban
areas do not now meet federal air quality
standards limiting ozone to 120 ppb.

Ozone is created naturally in the strato-
sphere through the chemical destruction
of oxygen, which is induced by sunlight.
Scientists have recently confrrmed that
chlorine and bromine from man-made
sources are, at times, destroying stratos-
pheric ozone faster than it is replenished,
with potentially adverse consequences
for human health and agriculture.

An unexpected, and- still ‘not’ com-
pletely explained, marked depletion of
ozone—a hole the size of the United
States or larger—over Antarctica has re-
cently been observed for 4-6 weeks
during the Antarctic spring. The hole is
the result of both .unique meteorological

conditions and chemical reactions that -

apparently allow virtually every atom of
chlorine that finds its way there to de-
stroy, unchecked, up to 100,000 ozone
molecules. _

Major international controversy has de-
veloped over the cail by many of the
world’s industrialized nations (including
the United States) for the compiete
phaseout by the end of this century of the
widespread use of chlorofluorocarbons

SHB- 1

o,

(CFCs)—the major source of what ulti-
mately becomes ozone-destroying free
chlorine in the stratosphere.

Back at ground level, other battles of
several dimensions are heating up again
as Congress considers tightening provi-
sions of the Clean Air Act, including
those relating to tropospheric ozone. The
Environmental Protection Agency, mean-
while, is pondering action against states
with air quality districts that do not meet
federal ozone standards.

As concern over tropospheric ozone
pollution grows, prospects appear ever
more likely for greater controls on the
many man-made sources of ozone
precursors-—reactive hydrocarbon gases
and nitrogen oxides—including motor ve-
hicles and fossil-fuel-ired industrial
plants, residential and commercial activi-
ties, and utility generating stations. Resi-
dents of southern California, for ex-
ample, are facing far-reaching changes if
efforts proposed to conczol ozone pollu-
tion there are adopted and enforced. Else-
where, there is evidence that hydro-
carbon emissions from natural sources
can combine with nitrogen oxides to pro-
duce ozone levels that in some cases ap-
proach the limit set as the nationai air

quality standard.

Lost in the ozone

“In tfying to sort out reports of strato-

spheric ozone loss and the occasional
summer smc: ‘ozone alert, the public
can get confused by the distinctly dif-
ferent environmental issues .assocated
with this important gas” notes Chuck
Hakkarinen, technical managor in EPRI's
Environment Division. “The atmospheric
and chemical processes involved are dif-
ferent for the two problems. But there
may be a link because the loss of ozone in
the upper atmosphere could increase the
ultraviolet radiation that reaches the
earth’s surface. More UV radiation would
mean more energy is available to drive
the photochemical reactions that create
ground-level ozone,” Hakkarinen postu-
lates.
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Concerns that pollutants cowc =amage:

stratospheric ozone were first =mad in
1970 amid plans to develop “=— high
flying supersonic transport gsT =-craft.
[t was feared that nitric oxice
from engine exhaust would
ozone through a catalytic chaiz ==acton.
The United States eventually acaridoned
. SSTs on economic grounds (Br==m and
France went on to jointly devexop the
Concorde), and the impact of == small
present SST fleet on stratosphe—= Dzone
has been shown to be small. Buz ‘e con-
troversy spurred scientific studtes mates-
tablished that the chemistry of =& upper
regions of the atmosphere could == upset
by human activity.

n 1974, atmospheric scients= Sher-

woad Roland and Mario Mcii=:z theo-

rized that emissions of severz. chlori-

nated compounds in the CG< Zamily,
although inert in the lower atcosohere,
could be wafting all the way <= t0 the
stratosphere, where they are czemically
decomposed by UV radiation, produdng
free chlorine that, in turn, attaces ozone
vigorously.

Any significant net loss of ozc™2 in the
stratosphere was suspected of iz >iyinga
range of potential negative bioicZical ef-
fects, including increased hurnzn skin
cancers and eye cataracts. The E7 has es-
timated that the increased UV £5m each
1% depletion in stratosphericozone could
lead to a 2% increase in skin cancers
among fair-skinned people. Mo one
knows if this estimate is reliable.

On the basis of little more than theory
at the time, the United States, Canada,
Sweden, and Norway banned the use of
CFCs in aerosol cans in 1978. But more
than a million tons of CFCs are still pro-
duced annually around the world for
wide use as propellants, refrigerants,
foam-blowing agents, and solvents.
Halon gases containing bromine, which
are used as fire-extinguishing agents, also
destroy ozone. But halons are considered
to account for less than 10% of strato-
spheric ozone destruction, because their
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emissions are a thousand times less than
the emissions of CFCs.

Indications from satellite instrument
data of stratospheric ozoneloss first
began to be seen over Antarctica around
1979, but for some time the data were dis-
counted because of doubts about their ac-
curacy and reliability. A British survey
team’s announcement in 1985, however,
of a measured substantial decline in
ozone concentrations above Antarctica
over the preceding eight years, which
was not predicted by any model or
theory, sparked an intensive interna-
tional scientific reassessment. The group
reported a sharp drop inozone during the
months of September and October (the
Antarctic spring)—a decline of almost
40% from levels routinely observed 20
years eariier.

Broad-based confirmation of such
ozone depletion, as well as the measure-
ment of very high leveis of chlorine
monoxide—the chemical link between
ozone destruction and CFCs—prompted
the 1967 Montreal Protocol, which some
36 nations (at last report) have ratified.
It calls for a freeze in CFC production at
1986 levels to take effect this summer. The
goal is a 50% reduction in total CFC use
by 1999.

Because CFC compounds are inert—the,

essence of their comunercial utility—they
also can remain in the atmosphere for 40-

-150- years.-Several-CFC- compounds. also. ..

readily absorb infrared energy in the
lower atmosphere, making them doubly
indicted as both stratospheric ozone de-
stroyers and as more-efficient green-
house gases, molecule for molecule, than
carbon dioxide.

Outlook now more mixed

At the time, the 1987 Montreal Protocol
was hailed as a precedent-setting interna-
tional agreement to take action in the face
of scientific consensus on a clear threat
of global environmental damage. Now,
however, a more mixed outiook has de-
veloped for stratospheric ozone.

The recently measured loss over Ant-

SH5-2

\
arctica is more complete (up to 90% ..
some areas and lasts longer than was
served earlier. Levels of UV radiation ty
ical of surmer were recorded in areas '
derlying the zone of greatest ozone lor
during the most recent Antarctic spring.
Recently analyzed data suggest that
ozone losses averaging 3% above model ;
predictions have occurred over northern
hemisphere latitudes (including North?
America) from 1978 to 1985; the losses _
have been greater at higher latitudes. )

Extremely cold temperatures {-=75°Cto
-85°C) and the formation of a massive,
persistent polar vortex (rotating air mass)
during the dark winter are now known to
play a key role in the development of the
ozone hole over Antarctica in spring. Ice
crystals of water and nitric acid that form
in the high-altitude clouds of the vortex
enhance the release of free chiorine from
otherwise inactive forms, helping to setin
motion a cycle of ozone destruction. Sim-
ilar, but less intense or ideal, conditions
for ozone destruction have been con-
firmed over the Arctic region, although
no hole over the North Pole has been ob-
served so far

Coupled with growing awareness tha,
even with a wordwide freeze on CFC
emissions.at current levels, the amount of
chlorine in the stratosphere will continue
to increase for decades, such news led
to the dramatic call earlier this year by
the European Community—quickly en-
dorsed by the United States—for a com-
plete phaseout of CFCs by 1996. The move
coindded with a 123-nation conference -
organized by British Prime Minister Mar-
garet Thatcher at which it appeared that
many less-developed countries do not
share the West's sense of urgency or con-
viction concerning CFCs. Y

Last May, at a meeting in Helsinki, Fin-
land, sponsored by the United Nationg
Environment Program to review the
Montreal Protocol, 80 natons d
support for a full CFC phaseout by 2000.
Meantime, U.S. and international re:
search groups are preparing for another
major scientific review of the strato-



)zone Chemistry in the Stratosphere

r:-'4<oheric ozone is created and destroyed in a natural cycts that has been functioning
t. .ive equilibrium far thausands of yaars, The presencea of chiorine, raleased from _
an-made chiorofluorocarbens by ultraviolet light, disrupts the cycie; each free chiorine
cin is lhm;gm to be capable of destroying as many as 100,000 ozone mofecuies. :

Mitraviolet radiation breaks the chemical
mnd of an oxygen molecule (O,), resulting

—
'j.i:omen

‘wo fres axygen atoms. o atom
1 free axygen atorn bonds with anather oxygen \o
slecule, creating a molecule of ozone (Qy).
Oy
Z

A free chiorine atom reacts with the ozone, ’
eaking its fragile bond to ¢reate chiorine oxide Chiorine
d an oxygen molecule. atom

A fres atom of oxygen breaks up the chiorine \ Co

ide and creates another oxygen malecuie and M

ireq chiorine atom. The chiorine atom moves \

1 1o react with anather molecule of ozone. o

> ane Che:mistry in the Troposphere

apespheric azone is also produced and destroyed in a natural cycle, this one invalving
ygen and nitrogen cxides (NO,). Th= azone is normaily created and destroyed daily in
sal amounts, but volatile organic compounds (VOCS) from both man-made and natural
wrces contribute reactive (frse-radical) species that interfere with the normal cycla,
lowing ozone to accumulate.

Uttraviolet radiation breaks nitrogen dioxics % NG,
Q,) into nitric oxide {NO) and a free oxygen
am.

The free oxygen atom bonds with an oxygen
slecule (O,) to form an czona molecule {Oy).

i

The ozone moiecuie would normaity react
tf3 the NO to produce NO, and an ordinary
¥3en motecute.

Instead, the NO combines praterentially with
3;. formed from photochemically reactive
JCs, lsaving the azane molecule intact.

spheric ozone situation this August.

There is at least some good news about
stratospheric ozone. There are indica-
tions of small to negligibie effects on Ant-
arctic plant and animal life from the in-
creased UV radiation of the last few
seasons. Ocean plants called phyto-
plankton at the bottom of the Antarctic
food chain, believed most vulnerable to
the extra UV, have been observed to be
only somewhat less efficient in photosyn-
thesis. And outside of Antarctica there
have been no reports of measured in-
creases in UV radiation.

An unanswered ccmmentary of re-
searchers, based on modeling results, is
that the 1l-year solar sunspot cy-:2 may
have had a negative effect on total strato-
spheric ozone equal to or greater than
that of CFCs. A sunspot minimum during
1979-85 would have emitt- less high-
energy radiation at the earth, reducing
molecular oxygen ionization and creating
less ozone. The trend of dedlining strato-
spheric ozone could be totaliy masked or
even reversed in the next few years until
the solar cycle peaks in 1991. Beyond that,
however, ozone depietion would -= ex-
pected to accelerate again, possibly taster
than it has up to now.

“The good news, for the ime being, is
that the magnitude of the reduction of
stratospheric ozone is comparable with
natural variation between the trough and
the peak of the solar sunspot cycle,” ob-
served the British scentific jourr:z’ Nature
editorially last year. “If the secular reduc-
gon of stratospheric ozone so far can be
swamped by the effects of the sunspot
cydle, it cannot so far have done much
damage. ihe next solar sunspot cycle
could, of course, be a different case.”

In the research into stratospheric ozone
to date, EPRI has only counted itself
among the interested observers of the
waork of others, mainly government agen-
cies and university-based scientists. With
a growing program focus an climate
change and its direct and indirect implica-
tions for utility operations arz the de-
mand for electridty, however, EPRI's En-
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vironment Division now also plans to ex-
plore further the CFC-ozone issue.

““It’s already been suggested that, even
if we cut back on CFC emissions, the
ozone loss is going to get worse before it
gets better” notes Hakkarinen, who is
managing the study. “So we're trying to
identify more clearly what stratospheric
ozone levels should look like over time if
CFC production dees decline. We would
like to know when and what sort of
changes in stratospheric ozone to antici-
pate so that industries couid have some

validation of whether the controls on -

CFCs are important.” .

[n the near term, meanwhile, the most
significant consequences of CFC controis
will be felt indirectly by utilities through
their customers. Because of the ubiquity
of CFCs in commerdial use, all manner of
industries and their products stand to be
affected by voluntary reductions and new
EPA regulations implementing the Mon-
treal Protocol. EPRI's Customer Systems
Division is sponsoring analyses of the im-
plications of CFC cutbacks and possible
substitutes.

“The potential impact on electric power
demand and energy consumption is very
large,” says Amold Fickett, vice president
and Customer Systerns Division director.
*Utilities have a strong interest in seeing
that the aiternatives that evolve will be
safe and energy-efficient and not exacer-
bate loads.” ‘ '

Ozone closer to home

While much of the industrialized world
has set in motion costly and controversial
changes designed to stem the loss of
high-flying ozone in the stratosphere, the
problem closer to the ground is quite the
opposite—even small concentrations can
be too much. Here, ozone pollution ac-
cumulates when reactive hydrocarbon
gases (from gasoline, solvents, and nat-
ural emissions), also known as volatile or-
ganic compounds (VOCs), disrupt the
usual cycle of ozone formation and de-
struction involving molecular oxygen and
nitrogen oxides (NO,).
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A Thinning Over the South Pole

The “hole” in the stratospheric ozone layer over Antarctica is actually a large zone of
reduced ozone concentration observed during the Antarctic spring (September and
October) over the last decade. Although the release of certain chloroflucracarbons 10 the
atrnosphere is believed to be responsible far such teductions. the ozone hote is also

depandent on Antarctica’s unique climate and seasonal patterns. A larga polar air mass,

extremely cofd temperatures at high aftitudes, and the emergence of spring sunlight atter

ihe dark patar winter create chemical conditions ideal for ozone destruction. Qzone levels

ara similar to those elsewhere around the globe during other seasons of the year.

Typical Antarctic spring

“Typical Antarctic talt




The ratio of VOCs to NO, is known to
ay a mare important role than their ab-
b -oncentrations in ozone formation
id peak ozone levels. How fast ozone
rumulates is closely related to the avail-
sility of highly reactive (free radical) spe-
2s produced when molecules of VOCs
:{ompose in sunlight. These species in-
rfere with the oxygen-NO, reaction,
so driven by sunlight, that normally
eates and destroys equal amounts of
zome.

he reactions and atmospheric

processes invoived are also re-

lated to the chemistry and

physics of acid rain formation
nd the production of aerosol particles.
All of the end products of air pollution
nat are suspected of being undesirable—
rom sulfuric or nitric acid in precipita-
ion, to ozone, to aerosol particies that
catter light and thus obscure our freld of
riew—are formed in the atmosphere from
izone and precursor emissions, for the
nost part, and the chemistry is interac-
i says Peter K. Mueller, EPRI program
nanager for atmospheric sqences in the
invironment Division.

Emissions of both NO, and VOCs have
nan-made and natural sources. The bulk
aof the NO,, however, amounting to some
20 million tons a year in this country,
-:omes from the combustion of fossil fuels
n maotor vehicles, industry, commerce,
and utility generating plants. Natural
sources such as forest fires, decomposing
olants, and lightning generate a compara-
sdvely small amount of NO,; lightning can
be a signibcant source locally for short
fhriods.

Sources of VOCs are much more di-
verse. Trees and shrubs are a major nat-
ural source of reactive hydrocarbons,
emitting an estimated 20 million tons
each year, mostly as isoprene and pinene.
Man-made YOC emissions, estimated to
account for another 20 million tons per
year in this country, originate from a wide

2ty "of industrial processes, incom-
piete combustion in motor vehicle en-

gines, other fossil fuel combustion, use of
organic solvents (mostly petroleum)—
even from gasoline vapors at the service
pump.

Trace background levels of ozone are
believed to have always been present in
the troposphere, partly the result of con-
vective transport from the stratosphere
and partly due to natural tropospheric
photochemistry. A long record of mea-
surements on the outskirts of Paris
around the turn of the century suggests
that tropospheric ozone levels in central
Europe 100 years ago averaged 10 ppb.

A current issue in atmospheric science
is whether tropospheric ozone in indus-
trial countries is increasing. Levels in
rural areas of the United States with no
significant man-made NO, and VOC emis-

~sions are believed to be typically 30-40

ppb; at remote Pacific islands, levels are
20-30 ppb. At the other extreme, half a
dozen U.S. dties frequently experience
three-hour peak ozone concentrations of
150-200 ppb, particularly in summer
when there are stable, high-pressure
weather systems overhead. In Los
Angeles, ozane has been measured at
levels as high as 290 ppb.

According to the EPA, 65 urban areas in
the United States exceed the National
Ambient Air Quality Standard (NAAQS)
for ozone of 120 ppb. The health-based
NAAQS is a one-hour-average concentra-
tion, not to be exceeded more than once a
year over a three-year average. It is set by
the EPA to protect sensitive people, such
as children and heavily exercising people.
Some recent research suggests that respi-
ratory responses occur after extended ex-
posure to ozone levels even lower than
120 ppb.

Meanwhile, some field as well as mod-
eling studies suggest that natural VOC

emissions from trees in rural areas can

react with even trace levels of NO, from
nearby or more distant sources to gen-
erate ozone levels that approach the
NAAQS. It has been suggested that such
biogenic hydrocarbons may play a sub-
stantial role, for example, in the routinely

3R -5

high ozone levels in and around Atlanta,
Georgia. ‘

The amount of VOCs from the dense
pine forests that surround the sprawling
southeastern city is comparable to the
amount of man-made hydrocarbons
emitted in the urban area. Researchers at
the Georgia Institute of Technology have
suggested that, because a substantial re- .
duction in the area’s man-made VOC
emissions in recent years has not resulted
in a corresponding decrease in ozone, the
remaining baseline of biogenic VOCs
could mean that significant reductions in
urban and power plant NO, emissions
also might be required before ozone
levels wouid meet air quality standards.

Computer simulations of different
urban airsheds suggest that NO, reduc-
tions can increase or reduce ozone levels,
depending on the relative proportions of
VOCs and NO,, sunlight, and other fac-
tors. The models also suggest that re-
ducing VOCs will always tend to reduce
ozone formation.

Most regulatory strategies for reducing
urban ozone have, in fact, focused on re-
ducing VOC emissions but have met with
only mixed success. Thisis partly because
of the ubiquity and numbers of sources,
including every running motor vehicle,
open can of paint or solvent, and dry
deaning establishment, to name just a
few. Moreover, in the case of automo-
biles, growth in the number of vehicles
and miles traveled in many regions has
begun to outpace the emission reductions
per vehicle mile achieved so far.

More than a health issue

The NAAQS for ozone is set primarily to
protect human health. This month offi-
clals of the new administration were ex-
pected to outline what actions they will
take in states with air quality districts out
of compliance with ozone standards. Sev-
eral bills in Congress could set tough new
penaities for nonattainment areas, in-
duding steep permit fees for emissions
sources, tighter tailpipe emissions limits,
and gasoline vapor recovery require-
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ments and VOC volatility restrictions.

Reducing ozone levels is the goal of a
sweeping, new, lang-term antismog plan
proposed recently by authorities in
southern California and intended to bring
the four<ounty Los Angeles area into
compliance with federal air quality stan-
dards by 2007 The far-reaching plan su-
persedes older ideas that should have
achieved the NAAQS by now, and it could
mean major changes in the way southern
Californians live and work in the years
ahead. Proposals, which center on fur-
ther limiting VOC emissions, include bans
on household sources such as charcoal-
lighter fluid, gasoline-powered lawn-
mowers, and all aerosol cans, as well
as drive-up service windows and free
parking in commercial districts. Emis-
sions controis would be placed on bak-
eries, breweries, and dry cdleaners—all po-
tential sources of VOCs. :

But protecting human health is not the
only motivation for reducing ozone. For
reasons analogous to why humans are
sensitive to the highly reactive gas, so are
many plants. Ozone interferes with pho-
tosynthesis, causing reduced yields in the
case of crops and retarded growth in the
case of sensitive tree spedes.

According to EPRI research managers,
the evidence of significant damage to
plant life from czone is farless ambiguous
than that for health effects. “Visible
damage or reduced growth in certain crop
and tree species is well documented, but
ozone's effects on complex forest ecosys-
tems are not as well understood,” says
Lou Pitelka, project manager in the Eco-
logical Studies Program. “It may alter
forest piant life by eliminating ozone-
sensitive species, reducing nutrient lev-
els, and changing mortality rates.

“On a regional basis, researchers re-
gard ozone as potentially the most se-
rious pollutant threatening American for-
ests,” adds Pitelka. “It is the primary
cause of decline in the ponderosa pine
forests of southern California. While it
does not appear to be the primary cause
of forest decline in the eastern United
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Research on Crops and Forests

Most EPRIfunded research on czone issues relates 10 tropospheric poilution. Besides air
quality studies that model the atmospheric physics and chemistry of ozone in the larger
context of pollutant emissions, EPAI has funded major plant and orest studies that have
included a focus on ozone. This work has confirmed significant reductions in specific crop
yields and reduced growth in certain tree species at common ambient levels. Continuing
studies of forest systems are axamining the interactiva effects of ozone and other environ-

mental factors.




ates, many researchers suspect ozone
'being a potential culprit in weakening
" species and making them vuiner-
sle .o other stresses, or in further dam-
7ing spedes that are already wea.kened
s other factors.”

EPRI has sponsored research on the ef-
cts of ozone on crops and forest plants.
e work has confirmed significant yield
-ductions in soybeans, wheat, corn, and
Jtatoes at ambient ozone levels. More-
«cent work on forest ecosystems is fo-
1sing on how ozone interacts with other
«ctors in affecting forest vegetation.

On the atmospheric sciences front,
zone measurements and reaction chem-
try have been explicitly accounted forin
umerous EPRI-sponsored air quality
qudies. Now, according to Peter Mueller,
:searchers are preparing for the next
:ep: to connect and integrate modeis of
iffering spatial and temporal dimen-
ons and specificity to provide a compre-
ensive simulation of emissions and at-
wspheric transport and conversion.

Such “embedded” modeling would
r  along-sought improved capability
f evaluating trade-offs inherent in dif-
:rent emissions control strategies. One
oal of the modeling work is to be able to
nalyze the potentially different roie of
ispersed versus point sources of, for ex-
mple, NO, emissions. Or, the locations
f sources within a region might make a
ifference in ozone levels, depending on
e sequence of reactant blending.

“One current issue is whether NO,
missions in rural areas are mbdng with
atural hydrocarbons from vegetation
nd producing ozone levels that not only
aye the potential for local damage to
lants, but may also be transported into
rban areas and be adding to what is
Iready there so that the air quality
tapdard is exceeded,” explains Mueller.
The embedded models that need to be
[eveloped would help to quantify and
valuate suspicions along these lines.

“At the same time, the models would
" address what is happening with visi-
..y and fine particles. You can’t sepa-

rate the fine-particle, acid aerosol, and
ozone probiems from the health effects is-
sues in urban areas. We are moving to-
ward addressing these in an integrated
approach,” Mueller adds.

Mueller also thinks there may be a fur-
ther link between stratospheric ozone
and tropospheric ozone production. “If
stratospheric ozone has diminished sig-
nificantly, we should be seeing increased
levels of UV radiation all around the
world, but sa far more UV has only been
seen in Antarctica. What could explain
this? One possible explanation is that, be-
cause ozone, wherever it is, absorbs UV
radiation, ozone in the troposphere may
be offsetting whatever added UV radia-
tion the earth may be getting from de-
creased ozone in the stratosphere. We
certainly don’t know the answer yet.”

Spotlight on ozone

Ozone has emerged center stage in the
complex web of global and regional envi-
ronmental concerns related to man’s in-
fluence on the environment. Discovery of
an ozone hole in the stratosphere over
Antarctica catalyzed an international re-
sponse with significant near-term impli-
cations for technology and industries that
depend on CFCs. But it has also revealed
sharp differences among nations in their
attitudes on the appropriate balance be-
tween ecdnonﬁc‘developmmt and pro-
tection of the global environment. Devel-
opments in the next few years could be
a bellwether for the direction of change
in response to broader policy questions
involving world climate and greenhouse
issues.

In America’s everyday world of free-
ways, cars and trucks, record power de-
mand, summer heat waves, and hazy,
brown horizons, however, ozone is at the
center of concern over the environmental
and health effects of increasing air pollu-
tion and the focus of emissions control
strategies. Although stratospheric ozone
and tropospheric ozone really are sepa-
rate issues, the continuing need for sc-
entific insights to inform the policy and

5%._'7

regulatory debates is a common thread
between them. ' |
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Sector Notebook Project

Petroleum Refining

Exhibit 15: Typical Material Qutputs from Selected Petroleum
Refining Processes
Process Air Emissions Process Waste Water Residual Wastes
H' Generated |
Crude ail Heater stack gas (CO, SO_, NO,, | Flow=2.1 Gal/Bbl Crude oil/desalter sludge
desalting hydrocarbons and particulates), Oil, H,S, NH,, phenot, (iron rust, clay, sand, water,
fugitive emissions high levels of suspended | emuisified oil and wax,
(hvdrocarbons) solids, dissolved sotids, metals)
high BOD, high
temperature.
Atmospheric Heater stack gas (CO, SO,, NO,, | Flow=26.0 Gal/Bbl Typically, little or no
distillation hydrocarbons and particuiates), 01l, H,S, NH,, residual waste generated.
vents and fugitive emissions suspended solids,
(hydrocarbons) chlorides, mercaptans,
Vacuum Steam ejector emissions phenol, elevated pH
Distillation (hydrocarbons), heater stack gas
- (CO, 80,, NO,, hydrocarbons
and particulates), vents and
fugitive emissions
(hvdrocarbons)
Thermal Heater stack gas (CO, SO,, NO,, { Flow=2.0 Gal/Bbl Typically, little or no
Cracking/ hydrocarbons and particulates), 0il, H,S, NH,, phenol, residuaj waste generated.
Visbreaking vents and fugitive emissions suspended solids, high
(hvdrocarbons). pH, BOD., COD.
Coking Heater stack gas (CO, SO,, NO,, | Flow=1.0 Gal/Bbi Coke dust (carbon particles
hydrocarbons and particulates), | High pH, H,S, NH,, and hydrocarbons)
vents and fugitive emissions suspended solids, COD.
(hydrocarbons) and decoking :
enussions (hydrocarbons and
particulates),
| Catalytic Cracking | Heater stack gas (CO, SO,, NO,, | Flow=15.0 Gal/Bbl Spent catalysts (metals from
hydrocarbons and particulates), High levels of oil, aude o1l and hydrocarbons),
fugitive emissions suspended solids, spent catalyst fines from
(hydrocarbons) and catalyst phenols, cyanides, H,S, electrostatic precipitators
regeneration (CO, NO,, SO,, NH,, high pH, BOD, {aluminum silicate and
and particulates) CCD. metals)
Catalytic Hydro- Heater stack gas (CO, SO,, NO,, | Flow=2.0 Gal/Bbl Spent catalysts fines (metals
cracking hydrocarbons and particulates), High COD, suspended from crude oil, and
fugitive emissions solids, H,S, relatively hydrocarbons)
{(hydrocarbons) and catalyst low levels of BOD.
regeneration (CO, NO,, SO, and
catalvst dust). '
September 1995 41 SIC 2911
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Sector Notebook Project

Petroleum Refining

Process Air Emissions . Process Waste Water Residual Wastes
(L _ Generated

Hydrotreating/ Heater stack gas (CO, SO, NO,, | Flow=1.0 GalBbl Spent catalyst fines

Hydroprocessing bydrocarbons and particulates), | H,S, NH,, High pH, (aluminum silicate and
vents and fugitive emissions phenols suspended metals),

{ (hydrocarbons) and catalyst solids, BOD, COD.
regeneration (CO, NO,, SO,)

Alkylation Heater stack gas (C0O, S0, NO,, | Low pH, suspended Neutralized alkylation
hydrocarbons and particulates), solids, dissolved solids, | siudge (sulfuric acid or
vents and fugitive emissions COD, H,S, spent calctum fluoride,
(hydrocarbons) sulfuric acid. hydrocarbons).

Isomerization Heater stack gas (CO, SO,, NO,, | Low pH, chloride salts, Calcium chioride sludge
hydrocarbons and particulates), caustic wash, relatively from neutralized HC! gas.
HClI (potentially in light ends), low H,S and NH,.
vents and fugitive emissions
(hvdrocarbons)

Polymerization ~H,S from caustic washing H,S, NH,, caustic wash, | Spent catalyst containing

‘ mercaptans and phosphoric acid.
ammonia, high pH

Catalytic Heater stack gas (CO, SO,, NO,, | Flow=6.0 Gal/Bbl Spent catalyst fines from

Reforming hydrocarbons and particulates), High levelsoll, electrostatic precipiiators
fugitive emissicns suspended solids, COD. | (alumina silicate and

J (hydrocarbons) and catalyst Relatively low H,S. metals).

] regeneration (CO, NO,, SO

l Solvent Extraction | Fugitive solvents 01l and solvents Little or no residual wastes
generated

Dewaxing Fugitive solvents, heaters 0Oil and solvents Little or no residual wastes

generated.
“ Propane Heater stack gas (CO, SO,, NO,, | Oil and propane Little or oo residual wastes

Deasphalting hydrocarbons and particulates), " generated.
fugitive propane

Merox treating Vents and fugitive emissions Little or no wastewater Spent Merox caustic
{hydrocarbons and disulfides). generated. solution, waste oil-disulfide

t!u:- :tme-

Wastewater Fugitive emissions (H,S, NH,, Not Applicable API separator sludge

treatrnent and hydrocarbons) (phenols, metals and o1l),
chemical precipitation
sludge (chemical coagulants,
oil), DAF floats, biological
sludges (metals, oil,
suspended solids), spent
lime.

Gas Treatment 50,, NO,, and H,S from vent H,S, NH,, amines, Spent catalyst.

and Sulfur and tail gas emissions. Stretford solution.

Recovery

September 1995 SIC 2511
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Sector Notebook Project Petroleum Refining

Process Air Emissions Process Waste Water Residual Wastes
R . Generated

Blcﬁding. Fugitive emissions Little or no wastewater Little or no residual waste
(hvdrocarbons) generated generated,
Heat exchanger Periodic fugitive emissions Oily wastewater Heat exchanger sludge (oil,
cleaning (hydrocarbons) generated metals, and suspended
solids)
Storage Tanks Fugitive emissions Water drained from Tank bottom siudge (iron
(hydrocarbons) tanks contaminated with | rust, clay, sand; water,
tank product emulsified oil and wax,
metais)
Blowdown and Combustion Products (CO, 30,, | Little orno wastewater Little or no residua] waste
flare NO, and hydrOCa.rbonsJ from generated generated,
flares, fugitive emissions

ithin individual industries and facilities. and for
specific TRI chemicals. This information could then be used as a tool in
identifying opportunities for pollution prevention compliance assistance
activities.

September 1995 _ 43 SIC 2911
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REFINING ORIENTATION
Hydrocarbon Chemistry

I. COMPOSITION OF HYDROCARBONS

Petroleum is composed of two elements, hydrogen and carbon,.
joined together in ccmpounds called hydrocarbons. Two
simple ways of looking at these hydrocarbons is by ratio and -
by weight. :

A. Ratio Rasis

The average ratio of hydrogen to carbon in petroleum
hydrocarbons is 2 to 1. This means that although
specific compounds may vary, crudes have about two
atoms of hydrogen for every atom of carton.

B. Weight Basis

A single carbon atom weighs 12 times as much as a
hydrcgen atem. Thus, despite the Z to 1 ratio of
hydrogen to carbon in 100 pounds (45 kilograms) of
crude oil, roughly 84 pounds (28 kilograms) will be
carben and 14 (6 kilograms) will be hydrocgen. The
remaining 2 pounds (1l kilogram) are variocus impurities
and must be greatly reduced because they are harmful to
the envircnment and corrosive to both our refining
equipment and the machinery in which our products must
ultimately be used. These impurities include sulfur
(0-3 1lbs.), nitrogen (0-1 1lb.), oxygen (0-.5 1lbs.), and
chlorine, nickel, vanadium, iren, copper, and other '
metals in traces so small they are measured in parts
per million or parts per billion.

II. CLASSIFICATION OF HYDROCARBONS

There are so many different hydrocarben compounds in crude
©il that scientists can only guess at the exact number.
Estimates range from 20,000 to 5,000,000; somewhere between
50,000 and 1,000,000 is a reasonable guess. With so many
compounds, it's necessary to have systematic ways to classify
them into manageable groupings. The two basic systems used
are by carbon number and by molecular structure.

A. Carbon Numbers

The simplest classification is by carbon number. This
is based on the number of carbon atoms found in a given
hydrocarben molecule. For example, methane (CH,) has
one carbon atom per molecule and is a C,. Ethare

(C H.) and Ethylene (C,E,), though diff%rent compounds
wi%h different propertze , are both classified cz's.

sH3-1§
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The carbon number is important because it indicates the

physical state of the compound. Basically, the higher
the carbon pumber (i.e., the more carbon atoms per
moclecule), the higher the beiling point, the greater
the wviscosity (the rate at which it will flow through a
small cpening) and the higher the density (weight per
volume).

Compounds from Cl to C, are gases at room temperature.
Those from C; to™C,, ate liguids, though some C._'s

may be solidg. An& those from C to C are ssiids.
These solids are not like steel %Z ccnc%gte, but more
like wax. They can be penetrated with a sharp instrument,
but they won't pour or flow unless heated.

GASES

Cl to C4
€., (methane) is used as a fuel in the refinery. 1In
aadition it can be s¢ld and transporteg by liquegying
it by lowering its temperature to =255"F or -159°C.
This reduces its volume by a factor of 1000 and thereby
simplifies transportation.

C, (ethane) is used as a refinery fuel; C, ethylene is
used in making poly¥ethylene and other plaStics.

C,'s {prcpane and p?opylene) are used in plastics
manufacture; propane can alsc be liguefied for sale as
LPG (Ligquid Petroleum Gas).

C,'s, the largest gas molecule at room temperatures,
cgn be combined to form C_'s (liquids) for use in
gascline. C,'s can also Ee-added directly tc gasoline
to increase 3apor pressure for better starts on cold
mornings.

LIQUIDS

C5 to C17

Materials from Cs to c,, are used directly in gasoline
manufacture.

C13 to C17 are used as fuels and lubricants.

Sih-16




SOLIDS

| ©17 0 4o
These materials are used for heavy fuels and asphalts.
They are also used as charge stocks for refinery processes
that break them down into smaller compounds with lower
carbon numbers (the C5 to C12 liquids) for use in
gasoline. .

B. Molecular Structure

A second, more complicated way to classify hydrocarbon
compounds is by their molecular structure -- the actual
arrangement of the carbon and hydrogen atoms.

Every atom has the capacity to combine with a given
number of other atoms; this is its valence number. The
valence of hydrogen, for instance, iIs 1. One way of ,
looking at that is tc say it has a "hand" that can join
with a "hand" from another atom to form z valence bond.
Carzon has a vaience of 4 which means that each carbon
atom can combine with four other atoms.

Our simplest hydrocarbon, methane (CH%) consists of one
carbon atom whose four valence '"hands® have joined with
the valences of four separate hydrogen atoms.

?

Methane is a C,. To form a.C., we link one of the
carbon atom's %alences tc one " of the wvalences of a
second carbon atom. If we fill the second carbon
atom's remaining three valences with hydrogen, we get
the C2 ethane.




Although there are many hydrocarbon types based on the ratio
and arrangment of hydrogen and carbon atoms, there are only
: four of interest to us in refining: paraffins, olefins,
naphthenes, and aromatics.

1. Paraffins (Basic formula: cn32n+2)

Paraffins, also called alkanes, were named when early
chemists thought these compounds were relatively inactive. -

what distinguishes a paraffin is that every carbon atom
is holding cnto four other atoms. Consider three
paraffin compounds below:

® @6 @O @

@-0-® ®-0-C-® ®@-0-0-C-®
® 06 ®0 6
TG Paretthn  (c, Parabla) (G, Parachib)

In each case, every carbon atom is linked either to a
hydrogen atom or to another carbon atom, and the carbons
are added together in a row. - .
wWhen we get to Cyqr, butane, there are two ways to link
the carbon atoms--in a row again, making normal butane,
or with one of the carbon atoms connected in the mlddle.

making isobutane
® ® @

@O0 ® ®-0—0-0-®

®-0-C-0-6-® ®®{g®®
OBO® b

NORMAL BUTANE _ ) ISOBUTANE
(CaH:p) | (C4H1p)
The word "normal" before a paraffin jndicates the
straight-chain structure, while the prefix "iso-"
indicates paraffins with the more complicated branched
structures.

Even though these two compounds consist of the same
number of carbon and hydrogen atoms they differ chemically
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and have different boiling points, densities, and
refractive indices. Most important from our peint of
view is that the simple, straight-chain paraffin has a
much lower octane than the mere compact, branched
isoparaffin.

As the carbon number increases, the number of possible
permutations (isoparaffins) increases astronomically.
There are three combinations for C -pentane (C.H,.),
: 2 Bylé i
(normal pentane) and two isopentands (called, by Conventiocn,
isopentane and necpentane). C) '

20000 0000 g g
8-0-0-6-0-0-® ®00-0-0-@ FO—O—O®
OO @0 | ® ©® | @

@C® = @O®

NORMAL PENTANE ISOPENTANE NECPENTANE

Similarly, there are 9 possible combinations for the C
paraffin, heptane, 355 for c12' and 62,491,178,805,132
ceombinations for C4o. :
An important thing toc remember is that no matter how
complicated or how simple, all paraffins have the same
ratio of two hydrogen atms for every carbon atom, plus.
two more hydrogens, ome at each end of the chain to
£fill the remaining valences.

7

Chemists express this as C_H +o+ the formula for all
paraffins shown at the beggnﬁfn% of this section. 1If
we have a two-carbon-atom paraffin, then n=2;- thus
there will be 2 x 2 + 2 = 6 -atoms of hydrogen. CZHG
is, of course, ethane.

You might try going back and checking one or two of the
other paraffins diagrammed above against the formula.

A final point to remember is that the valence bonds of
paraffins are saturated with hydrogen. That is, every
carbon atom is helding as much hydrogen as it can;
every valence not needed to link it to ancther carbon
atom is linked to a hydrogen atom.

2. Olefins (Basic formula: CnHZn)

Olefins are the second type of hydrocarbon important to
us. Olefins are not found naturally in crude oil, but
are the product of the refining process.




oA

fyﬁﬁfjub CYCLOPENTANE (CSEiO)Z CYCLOHEXANE (C

What distinquishes olefins from paraffins is that
olefins are umnsaturated. Our ¢, paraffin, ethane, was
saturated because it contained gix hydrogen atoms. If
we remove two of the hydrogens and bend the two vacated
carbon valence bonds around to join with each other, we
Create a double bond or unsaturated bond. The resulting
compound is ethylene, the <, olefin.

I1f it easy to see this difference graphically:

®@ ® ®
8-0-0-® o=@

yd N
® ® & ®@
ETHANE (C E,) . ETHYLENE (C
C2 Paraffin C2 Olefin

2H4)

Because of the double bond, all oclefins contain exactly
tWwice as many hydrogen atoms as carbon atoms. So the
chemical feormula for all olefins is C_H., . Propylene
and butylene are the C; and C, olefin® %gspectivgly.

This double bond is also a kind of liability, because

it makes olefins less stable than paraffins. Valence
bonds are normally 120 degrees apart in three dimensional
space. By "bending" the valences around to make them
into a double bond, we've created a certain amount of
"springiness" in the bond. As a result, when olefins

are exposed to sunlight or oxidizing agents, these’

bonds are prone to springing back and combining readily

with other compounds, causing the olefin to loose their
double bond.

3. Naphthenes (Basic formula: anZn)

Naphthenes, our third type of hydrocarbon, have the same
ratio of two hydrogen atoms per carbon atom as do
olefins. But they are more like paraffins because they
are saturated compounds. This is possible because
instead of being like the straight or branched structures
we've seen so far, naphthenes exist in a ring structure.

@ _® ] ® ®
® _C_® @ g @
&% O o ©®
\ o/ 0. ©®
®-0—O-® . ® € @
® @ o B

Hp2)
C=3 Naphthene™ : Ceq Naphtheng



It's as ‘though we took a straight C. or C,. paraffin
chain, removed the hydrogen atom frgm eacﬁ end, and
then bent it around to join the valence of the first
carbon atom with the last.

This distinctive ring shape is why naphthenes are also
called cvcloparaffins. The two naphthenes above,
cyclopentane and cyclohexane, are the basis of all
naphthenes; all naphthenes are formed by adding to
either a cyclopentane or cyclohexane ring.

4. Aromatics (Basic formula: C HZn 6)

Aromatics gets their name from the fact that the earliest
known members of this class had very strong smells.

All aromatics are based on benzene.

Like the naphthenes, benzene has a cyclic structure
called a benzene ring.

But unlike the napnthenes, the benzene ring has double
bonds. It is an un-saturated becnd.

All the aromatics are formed by adding carbons and -
their associated hyvdrogens to the benzene ring creating
extra branches and even additional rings. By adding a
carbon and two hydrogens, for instance, we get toluene,
the only C, aromatic. C)

® | . @-0®
@—@f©\@|:l>® | ©’© ©-®

-@ ©
®—©\‘©/©®_ ®©¢ID -®@
® | ®
BENZENE (CEHE) TOLUENE (C7HB)

C6 Aromatic - C7 Aromatic

III. REFINING AND HYDROCARBON TYPES

The importance of these four hydrocarbon types is that the
octane of any hydrocarbon is directly related to its structure
or type.

There are many different octane rating systems, including
research octane number, motor octane number, road octane,
distribution octane, front end octane, AGAC octane, etc.
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However, all of them amount to an expression of the amount
of knock which a particular mixture of gasoline causes in an
engine. '

A. what is knock?

In an internal combustion engine, gasoline and air are
pulled into (or, with turbocharging, pushed into) the
-cylinder chamber and compressed by the piston. The
compressed fuel mixture is then ignited by the spark
plug.

If the mixture burns evenly, it exerts a steady force,
pushing the piston back down smoothly to turn the
crankshaft.

But if the fuel mixture burns or has tendency to burn
too rapidly, it explodes instead of burning evenly.

The explosion is what we call engine knock. The greater
the engine's compressiocn, the smaller the space into
which the fuel/air mix is squeezed before it's ignited,
.The more explosive it beccmes znd the greater the
likelihood ¢f knocking.

B. History of Octane Ratings

Octane numbers were developed in the .early years of
gasoline technology. The best fuel known at the time--
the one that caused no knock even under high compression
was isooctane. It became the standard for fuels and was
given an cctane number of 100.

Normal heptane, on the other hand, was the worst fuel
known at the time because it burned the most explosively
and caused the greatest knock. It was given an octane
number or 0.

Different hydrocarbons were then tested in an experimental
engine equipped with a device to alter the compression
ratio. The point at which these wvaricus hydrocarbons
began to knock was charted in terms of what percentage

of isococtane, in an iscoctane/normal heptane mix would
have caused knock at that same compression. This
percentage is octane number.

Thus an octane rating of 80 means that a fuel has the
same knocking characteristics as a mixture of 80% iso-
octane and 20% heptane.

C. Octane and Moiecular Structure

Octane rating is directly related to the molecular
structure of a hydrccarbon. The long straight molecules
of normal paraffins (see heptane, below) are most
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inclined to knock because their bonds are saturated.
That is, they contain a great deal of hydrogen which
burns readily. ‘ '

In addition, the long chain structure makes the carbon
atoms easily accessible.

and finally, because of their structure, paraffins burn
the cleanest of the hydrocarbon types. They leave

little residue.
©@O00 00
B-0-0-6-6-0-0-0-®
CRCONCRONCOROXC)

HEPTANE (C7H )

Normal c, Para%gin
The C, normal paraffin hexane has an octane of 25; the
C7 no%mal paraffin, heptane {(above), has an octane of
0. And the longer the chain, the worse it gets. The
Cp and C, normal paraffins have octanes of -18 and -30
r spectigely. By the time we get to the C,, normal
paraffin, we're down to an octane deficit %9 -41.

Conversely, the more branched and compact a moclecule
is--the less hydrogen it has and the less accessible
its carbons are to combustion--the more slowly and
evenly it burns. For example, isoparaffins with their
branched structures have much higher octanes than ‘
normal paraffins. Compare the octane of the normal C
paraffin below with those of the increasingly compact
Cg isoparaffins known as isopentane and necpentane.

®

- @-0-®
CRORORCNC) ® 6 @6 ® | ®
8-0-0-0-0-0-® B-O-0-0-0® BO—O0—O®
PEO® @O ® | ®® ® | ®
BO® BO®
® ®

PENTANE (c:SH12 ) . ISOPENTANE (C

H,..) NEOPENTANE (C.E,.,)
62 Octafe 92 Octane 5712 120 Octane5 12
Normal C. Paraffin C. Iscparaffins
> 5 “5°F SHB-23

This same logic holds true for all hydreocarbons. Naph-
thenes, for example, with even more compact structures
and with less hydrogen, have octanes averaging in the
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80's and 90's. And the arcmatics, with even less

hydrogen in their unsaturated benzene ring structures,
have the highest octanes of all, running from 100 to as
high as 160. In summary, changing the molecular structure
of hydrocarbon compounds changes the octane number.

Another way of changing the octane number is by adding
Tetra Ethyl Lead (TEL or lead) to gasoline. The addition

of lead results in a slower and smoother burning mixture -

that minimizes knock and increases the octane number.

D. - The Refining Processes

The octane of gasoline is determined by the percentage
of paraffins, olefins, naphthenes, and arcmatics which
it contains. This is referred to in refining as the
PONA number.

The business of refining is to upgrade the octane of
the crude oil by changing one type of hydrocarbon into
another of a higher-octane (paraffins into isoparaffinms,
naphthenes into aromatics, étc.) Various processes are
used to do this and they are outlined below.

1.

Catalvtic Reforming.

The Catalytic reforming process takes materials
that are already in the gasoline boiling range (C5
to C,,) and increases their octane by using a
catal?st to reform or reshape their molecules.

There are actually three reactions in such a
reformer.

< 1y 24

a. Isomerization: this reaction uses a
reactor cecntaining a platinum on alumina base
catalyst and rearranges the atoms in low=-
octane normal paraffins (30-35 average octane)
into higher-octane isoparaffins (65 average
octane). For example, we can rearrange the
atoms of the normal paraffin, pentane (62
octane), by moving one of the carbons below
the chain to give us isopentane (92 octane).

@
P 0E @ e
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No atoms are lost in this reaction, and hence
there is no reduction in volume--i.e., no
barrels or cubic meters of liguid lost.

Because of physical limitations we can convert
only about 70% of a charge of pentane into
isopentane. Since isopentane boils at a lower
temperature than normal pentane, however, it
can be distilled cut and collected while the
remaining normal pentane is returned to the
reactor for repreocessing.

b. Naphthene Dehvdrogenation: This second
reaction simply removes hydrogen atoms from
naphthenes. For example, by removing 6
hydrogen atoms from cyclohexane, and using
the freed valences to create double bonds, we
can create the aromatic benzene.

G
25 ® O
B© ©'® L acH "©-® .
] I DEHYDOROGENATION I [ +6 () (lost
@0, _© —  @0_ _0®
® €L @ ©
® 6 | &)

CYCLOHEXANEﬂ(CGle) : BENZENE (C_H.)
C. Naphthene c Aréma%ié
B3 octane 180+ octane

Unlike isomerization, the removal of the
hydrogen atoms causes some loss of volume.

¢. Dehydrocyclization: +this third reaction

of catalytic reforming has two parts. First,

we remove hydrogen from straight normal

paraffin moleculies (dehydro-) and then bend _
them around to form ring structures (-cyclization),
making them naphthenes or arcmatics.

For example, by removing 8 hydrogen atoms
from heptane and bending it around to make a
six-membered benzene ring with a branch for
the seventh carbon atom, we get toluene.

SHB- 5
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2. Cracking

In this second refining process, big mclecules are
broken down inte smaller ones by breaking them

apart or cracking them. For instance, a C

paraffin in the crude will be a solid,'usezgss for
gasoline. But by cracking it into two smaller
molecules, we can get Cl H,,, a paraffin, and

c oﬂg , an clefin, both SfZahich are useful gascline
c%mp gen . The clo olefin, for instance, has an
octane over 90.

C208a2 _Cracking . CyoHy; ¥ CiBap

Paraffin Paraffin - Olefin

3. Catalvtic Polymerization

This process is the opposite of cracking. Instead

of making little molecules out of big cnes, it is

a build-up process. that makes big molecules out of
~little ones. By combining three molecules of the

C, olefin, propvlene, a gas, we can make Cy, @ .
1iquid for gascline blending.

®®e N PPOBOO®OOE
3 | ®-©-C-C® POEYA@EE_HA%DN ®-©-© @-@ ©-©-©=©'©—®
® y @@@@@@ ®

and isomers of NONENE

‘PROPYLENE (C3 6) "NONENE (C
C, Olefin C. Olafi
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4. Alkvlatien

Alkylation is alsec a2 build-up process Here we
can take the C, isoparaffin (isobutane) and combine
it with the C4 olefin (butylene). The products of
this process, *called alkylates, are actually
mixtures of many hydrocarbons. The major products
are various isomers of Cq paraffins {isooctanes,

) which yields octanes (unleaded) in the
r?m%g of 93 to 95.
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IV. CONCZUSION - -

As we've seen, every barrel of crude oil is roughly 98

" percent kwdrocarbens. Our job in the refinery is two fold.

wWe have tc get rid of most of the sulfur, nitrogen, oxygen

and trace metals that could harm our enviromment and corrode
machinery and equipment. Simultaneously, we have to convert
the remai-ing hydrocarbon compounds into more useful and
efficient hydrocarbon products, from fuels like propane and
high-octane gasocline to lubricants, asphalts, and the raw
materials for plastics and all the other necessities of modern

life.

Sip )%



Appendix E. Composition of "typical crude" based on
ctude from Ponca City Field, Ponca City, Oklahoma.
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ANS CRUDE BLEND REPCRT FOR WEEK ENDING NOV 20, 1987

CRUDE PROPERTIES

Assay Gravity ‘ 27.1
Sulfur, wt% 1.16
Nitrogen, ppm 2009
Concarbon, wt % 4.79
Nickel,ppm 12
‘Vanadium, ppm 28
CRUDE BLEND DATA Vol%
Defined Compcnents Analysis

c2 ‘ g.04
c3 0.33
iC4 ' : 0.44
nC4 1.53
ics ) 0.81
nCs _ 1.14
Co+ 95.71
Total 100.00
TB? API Sulfur Diff Cum
Distillation Grav Wt Vol % Val %
Ca- 124.0 0.00 2.4 2.4
150 F ’ 74.7 0.00 3.5 5.9
200 F 59.6 0.00 2.4 8.2
250 F 54.3 . 0.00 3.1 11.3
300 F S0.0C 0.00 3.6 14.9
350 F 47.1 a.00 3.7 18.5
400 F 43.5 0.01 3.9 22.5
45Q F 36.8 .10 4.9 27.3
SQ0 F 34.0 Q.30 5.2 32.5 -
550 F il1.7 0.47 &.7 37.2
800 F 30.6 0.64 5.7 42.8
650 F 27.0 0.85 5.5 48.3
700 F 25.4 0.99 4.1 52.4
750 F 23.8 1.09 4.4 56.8
800 F 22.5 l1.21 4.1 60.9
850 F 20.9 1.34 4.3 65.1
300 F 19.5 1.49 4.0 89%.1
950 F 17.6 l1.64 4.2 73.3
1000 F 16.0 1.80 4.0 77.3
1050 F 13.8 1.89 3.9 8l1.2
1100 7 11.4 1.97 d.8 84.8
1100+ F 4.9 2.42 15.2 100.0

SHG - 31
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Process Considerations for POLYBED® PSA
Systems

by

Geoffrey Q. Miller, UOP, Tarrytown NY
Michael J. Mitariten, UQP, Tarrytown NY
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HYDROGEN SEPARATION PROCESS SELECTION

INTROD N

Two of the major separation processes used to upgrade hydrogen in refineries and
chemical facilities are the pressure swing adsorption (PSA) process and the permeation process.
Each process employs a different separation principle, and this results in differing process
characteristics. These differing characteristics often determine which process is appropriate for
a given hydrogen upgrading application. Selection of the appropriate process should be based
not only on design-point economics, but also on other project considerations such as turndown
requirements, process flexibility, reliability, need for pretreatment, etc.

s
A brief overview of the process characteristics & the PSA and permeation separation
processes is given below, along with a discussion of the impact of these process characteristics
on other project considerations. '

THE PRESSURE SWING ADSORPTION PROCESS

The PSA process for purifying hydrogen was first commercialized by UOP in 1966.
Since that time, over 450 POLYBED PSA systems have besn designed and supplied for
hydrogen upgrading from numerous hydrogen-containing streams. The PSA process is based on
the principle that adsorbents are capable of adsorbing more impurities at a higher gas-phase
impurity partial pressure than at a lower impurity partial pressure. Hydrogen is essentiaily non-
adsorbed. Thus, impurities are adsorbed in a fixed-bed adsorber at the high system pressure,

producing a very high purity hydrogen product, and then rejected as the system pressure
"swings” to a lower level. This is illustrated in Figure 1.

Figure 1- -
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The PSA process is a batch process. However, by using multiple adsorbers, the process
behaves as a continuous process from a battery limit standpoint. As an adsorber becomes
saturated with impurities from the feed Stream, the saturated -adsorber is taken off-line, and the
feed is switched to a fresh adsorber. In this manner, constant feed and product flows are
maintained. The saturated adsorber is then regenerated in a series of steps. In order to recover
a large portion of the valuable hydrogen trapped in the adsorber void spaces in the saturated
adsorber, the adsorber is depressurized and high purity hydrogen is withdrawn. This hydrogen
is used internally to the system for repressurizing and purging other adsorbers, and is therefore
not lost from the system. Following these hydrogen recovery steps, the adsorber is depressurized
to the lowest allowable system pressure, and the desorbed impurities are rejected to the PSA tail
gas. The remaining impurities are then desorbed and rejected to the tail gas by purging the
adsorber with hydrogen. The tail gas is almost invariably used as fuel. Finally, the adsorber is
repressurized with pure hydrogen prior to being returned to the feed step. A simple PSA cycle
sequence is shown in Figure 2.

PSA CYCLE SEQUENCE CHART

vesseL 411 CYCLE
1 ABSBArTTON a ] » n ’ ’ [ f Y
tlw 1 aszarmgs f _L " " r
1w ’ a 1 AustarTion £ "
olw " n N l 1 asoames |
TimE —

£ 3 [ wucau i srtisynsan

PP S PMMM PG K CONRENT MEMELIDat ity
L L1

10 = UATMORR ML CTITIY MAtiwen
b = (MK LPAIeMlAles

The PSA process makes a separation in a chromatographic fashion. In general, the least
strongly adsorbed impurities are the first to appear as contaminants in the hydrogen product. The
relative strengths of adsorption of typical impurities in hydrogen-containing streams are shown
in Figure 3.

‘ Figure 3
RELATIVE STRENGTH OF ADSORPTION
OF TYPICAL IMPURITIES

NON ADSORBED LIGHT INTERMEDIATE HEAVY
B

2 O, Co C,H,
He N, CH, CH,
Ar ' C.H, C
CO, HS
C.H, NH,
C.H, BTX
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One of the most important characteristics of the PSA process is its ability to remove
virtually any vapor-phase impurity to any required (e.g., less than 0.1 ppmv) level, and to
produce a very high purity hydrogen product. Typical hydrogen product purities from PSA
systems range from 99 to 99.9999+ vol%. There is little effect of product purity on hydrogen
recovery, as evidenced in Figure 4. :

Fgure 4
EFFECT OF PRODUCT PURITY
ON PSA SYSTEM HYDROGEN RECOVERY

;

1L

(IMPURITY = CHy

HYDROGEN RECOVERY, PERCENT

97 29.9
PRODUCT H, PURITY, VOL %

The PSA process usually requires that the tail gas be withdrawn at 2 to 5 psig in order
to achieve hydrogen recoveries of 80-90% (hydrogen recovery is defined as the ratio of the
hydrogen contained in the product to the hydrogen contained in the feed). Higher tail gas
pressures result in significant reductions in recovery. Increasing the tail gas pressure from 2 to
60 psig can give a 15-20 percentage point reduction in recovery.

The PSA process is relatively insensitive to feed pressures. Optimum feed pressures

~depend on the type of system, but are normally in the range of 250 to 500. Commercial

POLYBED PSA systems have been designed for pressures ranging from 85 to 1000 psig.

Typical impact of pressure leve! is contained in Figure 5.

SHE - 4



Figure 5

EFFECT OF‘PRESSURE LEVELS ON PSA SYSTEM RECOVERY

L
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HYDROGEN RECOVERY, PERCENT
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FEED PRESSURE TAIL GAS PAEISURE

The PSA process requires little feed pretreatment. It is capable of removing many
components which present difficuities to the other hydrogen separation processes, including
aromatics, carbon oxides, water, hydrogen sulfide and ammonia. However, the feed to a PSA
system must be entirely in the vapor phase. Liquids can permanently deactivate the adsorbent.
If liquids are not present, the adsorbent lasts for the life of the equipment under normal
operating conditions.

SH3- 4
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PSA process equip=2nt consists of carbon steel adsorber vessels, valve and piping skids,
adsorbents, low pressure cz-bon steel tail gas surge tanks and a computerized control system for
valve sequencing and coatrol. A photograph of a POLYBED® PSA system is shown in

Figure 6.
Figure 6

e Wapragn

.-
T
2

This POLYBED PSA was put on-stream in 1988 in the FCC feed hydro-treating
section of a major oil company in California. Its capacity is 76.0 million SCFD of

59.9+ % H, from steam-reforming of natural gas and refinery gas.

- POLYBED is a UOP registered trademark

Sthd -4




2.0 PROCESS UNIT DESCRIPTIONS

2.1 . CRUDE QIL DISTILLATION UNIT

The crude oil distillation unit is normally the first refinery
unit to pracess the crude ail. In this unit, distillation serves as the
basic method for separating the crude petroleum into various fractions

that can then be refined into final products.

As shown in Figure 5, the crude oil is pumped from tankage,
preheated by heat exchange with various product streams (fractions) to
about 200-2509F and sent to the desalter. The purpose of desalting is
to remove inorganic salts from crude cil so that these salts will not
cause plugging of exchangers, coking of furnaces and corrosion. The
process alsc removes the soluble trace metals present in the water phase
which act as poisons to process catalysts. The most widely used desalting
process is electrostatic desalting. In this process, chemicals and
water.are added to the crude oil and oil/water separation is carried out
by gravity differential in the presence of a high voltage electrostatic
field. The field helps to agglomerate the water droplets, which centain
the salts, and thus separate the water from the oil. The oil is removed
from the taop of the desaiter vessel, and the water from the bottom. The
water is sent to the wastewater treatment plant.

The crude oil is then pumped through additional heat exchangers
at the vacuum unit and then throughethe crude oil furnace where the oil
is further heated to 650-7009F. The hot crude oil is then fed to the
_crude 0il distillation column commonly known as the atmospheric distilla-
tion column. This column is typically a cylindrical tower 10 to 30 feet
in diameter and can be up to 100 feet high and operates at 5 to 20 psig.

As shown in Figure 5, the column separates (distills) the
crude oil into product streams having specific boiling point ranges.
The higher the boiling point, the “heayier* the fraction. Oepending
upon the subsequent refinery process scheme, these streams commonly are
light ends (lowest doiling pcints), naphthas, middle distillates, gas

Sts-43
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0il, and crude oil unit residuum (highest toiling point). Some of the
neavier streams are often individually steam stripped to further remove
the light matsrial that may still be present after distillation. The
amount of each fracticn depends upon initial composition of the crude
0il and the operating conditions c¢f the tower. (A lighter crude oil
will produce a greater proportion of light fractions.)

Following distillation, the crude oil distillation unit pro-
duct streams can be further processed by a number of schemes. Far exam-
ple, distillates can be separated by further distillation to make finished
products such as diesel fuel, kerosene and jet fuel. Gas oils can be
cracked to form lighter, lower boiling compounds which may be blended
into gasalines or recovered directly as heating 0il. The processing
schems chosen is dictated by the quality of the crude oil available and
the demands of the geographical area where the products are to be marketed.

2.2 VACUUM DISTILLATION UNIT

A vacuum distillation unit is shown in Figure 6. The feed to
this unit is the bottoms from the crude ail distillation column. The
hot feed is first heated in a furnace to 700-75Q09F and then charged to
the vacuum distillation column. This column operates at 735-660 mm Hg
vacuum (760 mm Hg is atmospheric pressure).* The vacuum in the column
can be produced by using steam ejectors or vacuum pumps. (Figure €
shows steam ejectors.) The combination of high temperature and reduced
pressure causes additional distillation to take place which cannot occur

. 5
at atmospheric pressure.

The product streams from the vacuum tower typically are light
vacuum gas oil, heavy vacuum gas oil, and vacuum tower bottoms. The
tower also produces a stream of lighter material which commonly is col-
lected as an overhead product oil. This oil typically is sent to the
"siop oil" collection system. This recovered "slop" ail can be repro-
cessed through the crude oil distllation unit or sent to other oil pro-

cessing units.

*mm Hg = millimeters of mercury.

16 SHO-4v
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The product sireams from the vacuum distiliation unit can be

further processed depending upon the desired products and the sulfur
contant of tne crude. While the vacuum gas oil product can be sent to
hydrocracking or catalytic cracking, it may be recovered directly as
heating fuel 01l and would not require further processing. The vacuum
column bottoms, -in addition to heing sent to the coker, may also be sent
to the fuel oil blending where it is recovered as bunker fuel oil. "If a
low sulfur bunker fuel cil is required, the vacuum bottoms may be desul-

furized prior to blending.
2.3 HYOROTREATING UNIT

Hydrotreating (also known as hydrodesulfurization) is a catal-
ytic process used to remove sulfur, nitrogen, clefins, arsenic and lead
from liquid petroleum fractions. Typically, hydrotreating units are
empioyed ahead of such processes as catalytic reforming since the catalyst
used in reforming will e rendered inactive if the feed contains sulfur,
nitrogen, olefins or metais. Hydrotreating may also be used prior to
catalytic cracking to reduce the sulfur emissions from the regenerator
and improve product yields. It may also be employed to upgrade petroleum
fractions into finished products such &s keraosene, diesel fuel and
heating oil. Hydrotreating generally removes aver 90% of the above

contaminants.

Sulfur removal is accompzlshed by contacting the untreated
petroleum fractions with hydregen in the presence of a catalyst. The
‘reaction converts the sulfur to hydrogen sulfide (HpS) and the nitrogen
to amonia (NH3). The HoS and NH3 are separated from the liquid frac-

tion by vapor-liquid separation. In addition, there will be scme
saturaticn {removal) of olefins which also will consume hydrogen. The
degree of olefin saturation will depend upon the severity of the hydro-

treating.

Hydrotreating processes are used on a wide range of feedstocks
from naphthas to heavy residual oils {see Figures 1 and 2). In general,
hydrotreating of process streams from sour crude oil requires greater

g >HB-47
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gquantities of hydrogen and more severe operating conditions (higher
hydrogen pressures and lower space velocities) than coes hydrotreating
of sweet crude oil fractions. The nydrotreating of the heavier process
streams (such as distillates or resid) consumes more hydrogen than does
the treating of the lighter streams (such as naphtha}.

Periodically, the nydrotreating unit cataiyst_loses activity
due to the deposition of coke on the catalyst particles, and must be
regenerated. Regeneration consists of burning off this coke under con-
trolled conditions. Typically, regeneration 1is required when the
cumulative amount of feedstock processed is equivalent to about 100-200

" parrels of oil/1b of catalyst. This is dependent upon the amount of

sulfur present, the characteristics of the feedstock, and the severity
of the operating conditions. In many refineries hydrotreating catalysts
are regenerated every one to three years.

Figqure 7 shows a typical hydrotreating process. The feed is

mixed with fresh makeup and recycled hydrogen, neated, and fed to the

catalytic reactor where the sulfur and nitrogen are converted to Hp3S and
NH3. The hydrogen required for the desylfurization is supplied by the
catalytic reforming unit and (if reqﬁired) a hydrogen plant.

The product then goes to the high pressure separator where the.
excess hydrogen is flashed of f and recycled to the reactor. The Tliguid
then passes to the low pressure separator where the HpS, NH3, non-
condensible gases, and additional hydeogen are remaved. The gas from
the Jow pressure separator is treated to remove the H2S, and the treated

‘gas goes to the fuel gas treating system. The liquid product from the

Jow pressure separator is then fed to a stabilizer where the remaining
light material is stripped off and sent to the fuel gas system and the
1iquid product goes to further processing or storage. The product from
naphtha hydrotreating is sent to a naphtha splitter (fractionation)
where the light and heavy naphtha streams are separated. Heavier hydro-
treated fractions {i.e., gas oils) can be sent to cracking operations
for further processing, or recovered as final products.

S 14b- 4% i



JIND

ONIJILS U] LYM
I I T

o

HOIV NN Dv

H3Z1MavLS

IHIIVIYL
SY92 gy

4

HOLYHYd3S
3UNSSaud MmO

YOLvyvdis
JUNSSIYd HOH

HOLLENNI
HivM

Y0S5S3HdWOd
ERPLWE].

i, 334

HOLV3Y

d.y_U

01 S0M1 11911

1INy ORIV 01
J 380914

A\\r\‘\u NI9OUOAH
dN- Idvin

20

SHR- 449



YAV 4

VN .\-.»-Ahn.u-nv-i‘

For catalyst regeneration, some refineries providelswing
reactors that can be taken out of service for catalyst regeneration
and therefore do not require a shutdown to regenerate the catalyst.

2.4 CATALYTIC REFORMING UNIT
Catalytic reforming is a process used to upgride low octane o

heavy naphthas to produce high octane gasoline blending stocks or high
yields of aromatic hydrocarbons for petrochemical use {i.e., benzene).

' The final product will depend upon such variables as reactor temperature

and pressure, the catalyst. used, and hydrogen recycle rate. Reforming
catalysts are readily deactivated (poisoned) by sulfur and the feed
must be hydrotreated (desulfurized) prior to being charged to the reform-
ing unit. Typical catalysts are platinum based, but other metals may be
used.

Due to the process conditions, reformer catalysts must be -(._
regenerated more frequently than hydrotreating catalyst. In some refin- ‘
eries, spent catalyst is replaced rather than being regenerated, but
this practice is usually econamically prohibitive.

A typical catalytic reforming unit is shown in Figure 8. The
naphtha feed is mixed with_recycled'hydrogen rich gas heated in a furnace
and fed to the first reactor. Since the reforming reaction requires
heat, (endothermic), the reactor prodec. must be reheated before entering
the next reactor. This process is repeated for three reactors. The

‘1iquid product then passes to a separator toc remove the hydrogen rich

gas and then to a stabilizer for final separation of light gases and .
product. The reformate product then goes to storage for blending into
gasaline. The light gases, consisting of mostly propane and butane are
sent to light ends recovery.

As shown in Figure 8, a swing reactor is provided to allow for
catalyst regeneration without the need to shut the unit down or loss of {
capacity. As in hydrotreating, during the reforming process, coke is
deposited upon the catalyst particles. The regeneration process consists

Sthb -0 21
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of burning off this coke under controlled conditions. Tne gases {con-
sisting primarily of Cop) from regeneratioﬁ are then sent to gas treat-
ing for particulate removal before being discharged ta the atmosphere.

2.5 FLUID CATALYTIC CRACKING UNIT (FCCU)

Fluid catalytic cracking is & low pressure precess which uses
high temperatures in the presence of a catalyst to break or crack heavier,
higher boiling petroleum fractions into lighter more valuable materials.
The process catalyst is continuously regenerated and depending upon the
sulfur content, the unit feed may be desulfurized prior to processing.

A typical FCCU is shown in Figure 9. While there are numerous
FCCU designs currently in use, they employ the similar operating princi-
ples. Fresh feed is preheated through heat exchange with the unit product
streams. It is further heated to precess temperature in a fired heater,
mixed with regenerated catalyst and fed through the fresh feed riser ta
the reactor. The flow and temperature conditions in the riser and reactor
are carefully controlled to vaporize the feed and achieve the desired
degree of cracking. Since the majority of the cracking occurs in the
riser, too sho}t of a residence time in the riser will result in too
1ittle cracking; toc long a residence time will overcrack the material.
In the reactor, the cracking process is completed and the hydrocarbon
vapors pass through cyclanes to remove entrained catalyst and then to
the fractionator. The fractionatof gfparates the cracked product into
the various streams. Reactor temperatures are typically 950 to 14000F

. and pressures are 10 to 20 psig.

Due to the severity of the ;racking operation conditions,
catalyst must be continuously regenerated to remove coke which is formed
on the cataiyst as a by-product of the process. Spent catalyst is dis-
charged from the reactor, steam stripped to remove entrained hydro-
carbons, and fed to the regenerator. Air js fed to the regenerator
and, due te the high catalyst temperature, the coke is burned off the
catalyst and forms & mixture of CO and COz. The heat from coke combus-
tion serves to maintain a hot catalyst bed. The regenerator flue gases

SHA S 23
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are passed througn cyclones to a CO noiler to burnm the carben monoxide
to carbon dioxide and recover neat and generate steam. The regenerated
catalyst is then rsturned to the feed riser. Operating conditions in
the regenerator range from 1100 to 13009F and 10 to 25 psig.

2.6 HYDROCRACKING UNIT

Hydrocracking differs from fluid catalytic cracking in that
hydrogen is used in the cracking process and the process pressures are
substantially higher (500-45Q0 psig). Temperatures are, however, some-
what lower (500-5500F) and a different type of catalyst is employed.
This process is useful particularly for sour feedstocks in that a high
degree of desulfurization is accomplished in the reactor and therefore
hydrotreating of sour feeds ahead of the process may not be required.

 The process produces high quality gasoline and distillates and accepts a

wide variety of feedstocks including naphthas, gas oils, and heavy
aromqtic feadstocks that could cause severe coking if fed to the FCCU.

A typical hydrocracking unit is shown in Figure 10. While
Figure 10 shows a two-stage system, single stage processes are also
used, primariiy with sweet (low sulfur) feedstocks. Feed is mixed with
hydrogen, heated, and fad to the first reactor. In this stage, depending
upon conditions, some ¢racking of hyﬂrocarbons occurs, but the principal
reactions are the conversion of sulfur to HpS and the nitrogen to NH3.
The first stage effluent is cooled and fed to the two stage, high pres-
sure separator where the hydrogen-rish gases &nd light ends are removed.
The product from the first reactor is then mixed with recycle fractiona-
tor bottoms and additional hydrogen and fed to the second stage reactor
where the cracking reactions are complieted.

The second stage reactor products then are fed to another two-
stage separator where further removal of hydrogen and light ends is
accomplished. The liquid product is then fed to the fractionator where
the liquid product is separated into the various product streams.

Sid- 54
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2.7 DELAYED COKING UNIT

Delayed coking is another type of cracking process which does
not employ a catalyst or hydrogen. The Process is described as a thermal
cracking process in that the cracking is accqmplished at high tempera-
ture (900-9500F) and low pressures (20 to &0 psig)- Feadstocks to coking
gnits typically are heavy bottom products from the vacuum unit and heavy

cycle gils from catalytic cracking.

A delayed coking unit ijs shown in Figure 11. The fresh charge
is fed directly to the fractionator where the feed combines with the
heavy recycle. The combined feed {fractionator bottoms) then is pumped
to the coker furnace where it is heated to coking temperature. This
heating produces partial vaporization and mild cracking. The fiquid-
vapor mixture then enters the coke drum where the liquid undergoes further
cracking until it is converted to hydrocarbon vaper and coke. The vapor
js further cracked as it passes upward through the coke bed.

The coke drum overhead vapor then enters the fractionator and
is separated into coker off gas, coker naphtha, and light and heavy

_ coker gas oils, which are withdraﬁn'asrproducts. The unreacted material

is recycled from the bottom of the fractionator and combined.with fresh
fead for another pass through the system. The unit recovers heat by
generating steam in the fractionator side pumparound.

s
The coking unit typically has at least two coke drums but may

have more to accommodate higher feedrates. In the normal operation of &
two-drum system, one drum is in service while the other is being decoked.

Decoking is a two-step process in which the ccke is first

 cooled and then removed from the drum. In the cooling step, saturated

steam and water are injected into the bottom of the drum. This coals
the cpke and remcves valatile hydrocarbon vapors. The water vapor-
hydrocarbon vapor mixture passes to a separatar where it is condensed.
The separator discharges a vapor stream of non-condensible hydrocarbons
which is‘used as heater fuel, a water stream which is used in the second
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decoking step, and & 1iquid hydrocarkan gtream which 1s recovered as

slop oil.

When the coke is cool, the drumhead is removed and coke removal
(decoking) begins. First, a high pressure water drill is used 1o bore a
pilot hole in the coke bed. Upon completion of the pilot hole, the
drill bit is changed to one with specially designed water Sprays which
loosen (cut) the coke from the drum. The coke and water drop from the
drum into a pit where the coke dewaters and the cutting water is
recovered for reuse. Excess water is discharged to the wastewater treat-
ment plant. The coke is then removed from the pit by heavy loading '
equipment either to storage piles or directly onto hauling equipment.

2.8 HYDROFLUORIC ACID (HF) ALKYLATION UNIT

The purbose of the alkylation unit is to convert unsaturated
propylene, butylene and jsobutane, in the presence of a hydrofluoric
acid catalyst,* into a material called alkylate which is blended into
gasoline. Propylene and butylene- are produced. by the fluid catalytic
cracking unit and isobutane is recovered from the light ends recovery
unit. The alkylate product, when blended into gasoline, will offer a
good octane rating which is especially jmportant in the production of
unleaded gasoline. Unit operating conditions are typically 100 to 128
psig, and 90 to 1209F, in the reactor, 40 to 100 psig, and 2809F, in the
fractionator, and 300 to 390 psig, and 400°F, in the HF stripper. A
typical HF alkylation unit is showw in Figure 12. '

The unit feed containing principally propylene and butylene
is mixed with recycled acid and isobutane and fed to 2 reactor-settler
where alkylation reaction takes place. The hydrocarbon phase is with-
drawn to & fractionator where the alkylate product is separated from.the
unreacted feed, entrained tata]yﬁt, and the propane and n-butane that
are formed by the reaction. The product alkylate may first be debutanized

if necessary, or be pumped directly to storage or gascline blending.

=XTternacive processes may use sulfuric acid rather than KF.
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The fractionator overhead product is condensed and collected
in an overhead separator where propane-rich and acid-rich fractions are
formed. A portion of the propane-rich material is recyc led directly to
the ffactionator, and the remainder is fed to the HF stripper t0 separate
the HF and the liguefied petroleum gas (LPG) product. The LpG is usually
sent to a caustic wash to neutralize any acid that may pe present and
then to storage. The acid-rich fraction from the overnead ssparator is

recycled and mixed with the incoming feed.

The alkylation unit usually also includes an HF regenerator
which continuously purifies a small side stream of acid. The tar that
is formed in the regenerator may be disposed of by incineration or neutralized

with 1lime and handlied as a solid waste.

2.9 LIGHT NAPHTHA ISOMERIZATION

The 1light naphtha jsomerization unit is used to convert light
naphtha into 2 motor fuel blending stock called isomerates. The components
of the light naphtha fraction are primarily normal pentane and normal
hexane. Isomerization is employed to increase the octane rating of
pentane and hexare by converting them from the straight chain hydrocarbons
form to their branched chain isomers. The process uses a platinum
containing catalyst in the presence of hydrogen to affect the isomerization
reaction. Operating pressures in the reactor range from 300 ta 400
psig and temperatures are typically 250-4000F., Figure 13 shows a typical

light naphtha jsomerization unit. .

In this process, desulfurized pentane-hexane mixtures are fed

to the deisopentanizers 1o remove any isopentane present in the feed.

The isopentane ;¢ removed cverhead and combined directly with the pro-
ture is then dried, mixed

and fed to the

duct isomerate. The n-pentane and n-hexane mix
with an grganic ¢hloride catalyst promater and hydrogen,
reactor.* The hydrogen assists in maintzining reactor pressure and helps

*The purpose of the promoter is %o increase the activity of the catalyst
and increase the rate of reaction.
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to saturate any glefins or aromatics that may be present. The product

;¢ cooled and fed to a separator where exCess hydrogen is removed to D€
recycled} The product is then fed to a stabilizer to remove light ends.
The light ends are scrubbed with caustic to remove any hydrochioric acid
(HC1) that may have been formed by the reaction. The stabilizer bottom
product can then be sent directly into gasoline blending or may be fur-
ther fractionated to remove unreacted normal pentane and normal hexane

for recycle.
2.10 HYDROGEN PRODUCTION UNIT

Hydrogen is used as a reactant in numercus refinery units in-
cluding hydrotreating, isomerization and hydrocracking. The most widely
used method for producing hydrogen is steam reforming of available hydro-
carbons such as natural gas, refinery fuel gas, propane, butane, or
desulfurized 1ight naphtha. Hydrogen is also produced in the refinery
as a by-product in the catalytic reforming process. However, when process-
ing sour crudes, reforming processes will prabably not produce sufficient

quantities of hydrogen 1o meet the refinery needs, and, therefore, additional

hydrogen production is required.

The sequence of processing steps for hydrogen production by
steam reforming 1is sulfur removal, reforming, shift conversion, carbon -
dioxide absorption and methanation. In additiom, the hydrogen generation
process produces sufficient high-pressure and low-preassure by-product
steam to satisfy all the needs of tHfa process. A typical flow diagram
is shown in Figure 14. The feed to the plant normally contains traces
of sulfur which are removed by adsorption on activated carbon. Sulfur
removal is required because the process catalyst is paisoned (deactivated)
by sulfur. Twa carbon beds are used, normally operating in parailel
flow. During regeneration, aoné bed is valived out of the normal flow for
regeneration, while the ather bed'remains onstream. Upon'completion of
regeneration, the sequence is raversed. Carbon regeneration is accomplished
by heating the carbon with steam to remave the absorbed sulfur. The
steam is then condensed and sent to the sour water stripper.
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The suylfur-freg gas is preneated in the upper {convection)

section of the reformer furnace and then mixed with high pressure steam.

“The mixed gas flows downward through catalyst-filled tubes in the lower

(radian) where the steam reacts with methane and other hydrocarbons

to produce hydrogen, carbon monoxide, and carbon dioxide. The high-
temperature effluent gas from the reformer furnace fiows through a

waste heat boiler which produces high-pressure staam that is mixed

with fresh feed. Additional high-pressure steam js generated in the
convection section of the furnace. About three-quarters of the total
hydrogen product is produced in the forming reaction. The mixture

then passes to the two-stage shift conversion r2actors. In these reactors
the carbon monoxide and water are catalytically reacted to form CO2

and hydrogen.

The reaction is highly exothermic (heat producing) and the
first stage reactor catalyst is & high temperature catalyst. Excess
heat is a hinderance to the reaction and 1is removed from the product
hetween the stages Dy generating low pressure steam. The second-stage

shift canverter employs a low temperature catalyst. The jower tempera-

ture conditions allow the reaction to go to completion.

The crude hydrogen gas from the shift converter is further
cooled and passed through a condensate knockaut drum. From here it is

~sent to the CO2 ahsorption system to remove any remaining C0z. The

system shown is a typical CO2 absorg;ion system using MEA (monoethano]

_ amine) as the absorbent. Many other absorbents are, however, available.

The crude hydrogen is first mixed with a portion of the
regenerated MEA, cooled and fed to the center of the tower. The remain-
ing MEA 1is pumped to the top of the absorpticn tower. In the tower the
remaining carbon dioxide 1s removed from the gas stream. The hydrogen
is then passed from the top of the absorptign tower through the convection
sectian of the reforming furnaces to the methanator. The carbon dioxide-
rich MEA passes from the absarber to the MEA stripper where the solution
is heated and the ¢arbon dioxide 1s driven off. The stripped MEA is
then returned to the absorption system and the carbon dioxide is vented

to the atmosghere.
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Methanation is a high temperature (6009F) catalytic process
which converts any remaining carben monoxide and carbon dioxide to
methane by the reaction with a portion of the hydrogen. Following
methanation, the hydrogen is compressed and pressures may range from 200
psig for naphtha- hydrotreating to 3500 psig for hydrotreating residuum.

Another cataiytic process that is currently being used for
hydrogen production is the partial oxidation of residual oils. Feed to
these units typically are bottom products from the vacuum tower or heavy
coker gas 0il, which avoids the necessity of using naphtha or other more
valuable hydrocarbons as hydrogen plant feedstock.

In the partial oxidation process, the residual oil is fed to a
combustion chamber where it is partially burned in the presence of steam
and oxygen. Gases leaving the combustion chamber are composed primarily
of hydrogen and carbon monoxide and have a temperature of 2000 to 280QOF.
The gases are then quenched with water and steam and fed to a shift
converter for further conversion of the CO and steam to hydrogen. The
gases are then purified by absorption and the hydrogen product is sent
to storage or process units. '

2.1 GASOLINE SWEETENING UNIT

| Gasoline is said to be sour if it contains noticeable
amounts (>0.1 ppm) of sulfur compounqi, particularly the odoriferous
mercaptans. A process that removes these compounds or converts them to
less objectionable forms is called “sweetening.” Gasoline sweetening is
usually accompliished by converting the mercaptans to a disulfide. The
use of $weetening-is dependent primarily on the sulfur content of the
crude oil mercaptan, sulfur specifications of the gasaline product, and
if the criginal feedstock had been hydrotreatad prior to cataIyticAcracking.
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There is a variety of swegrening processes available including
treatment with sulfuric acid or absorption of the mercaptan by molecular
sjeves. However, the mosi widely used processes usually employ sodium
hydroxide (NaOH) with added catalysts or promoters. Most frequently a -
caustic solution containing the dissolved catalyst or promoter is em-
oloyed, but a fixed bed catalyst system may also be used.

Figure 15 shows a typica1‘gaso1fne-sweetening process that
employs a sodium hydroxide solution (caustic) containing a dissolved
catalyst. This process is conducted at ambient temperature (90-1009F)
and low pressure (5-25 psig}; Sour gasoline is fed to the extractor,
where it is brought into contact with recycled, regenerated caustic
sglution. The two streams are immissible -and the mercaptans are removed
through liqujd-liquid extraction. However, only 2 pertion of the
mercaptan is removed in the extractor and the partially sweetened gasoline
flows from the top of the extractor to the sweetener where it is-cdntacted
with additional recycled caustic solution and air. In the sweetener,
the remaining mercaptan is oxidized to disulfide. This disulfide remains
with the treated gasoline. Caustic solution is separated from the treated
gasoline in the solution settler and is recycled to the sweetener.

Caustic solution from the extractor, containing dissolved mer-
captan in the form of sodium mercaptan js mixed with air and sent to the
oxidizer. In the oxidizer, the mercaptan §s oxidized to disulfide and
the scdium jon is restored to NaOH+ The mixture then flows to the air
separator. Excess air 1is vented from the air separator to the atmosphere
and the caustic solution and disulfide flow to the disulfide separator.
The insoluble disulfide layer separates and is withdrawn from the system,
and the regenefated caustic is recycled to the extractor.
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2.12 ACID GAS TREATING UNIT

Hydrogen sulfide {Hgsj and carban dioxide (COp) are termed
acid gases, and a gas stream containing these compounds is called sour
gas. Sour gas is produced in a number of refinery units including cracking
and hydrotreating. Refinery-produced fuel gas can be mxpected to be
sour and it s necessary to treat the gas to remove hydrogenﬁsu1fide

pefore it can be used as refinery fuel.

Acid gases are typically removed by absorption in alkaline
solution. The alkaline material is chosen so that the chemical bond
formed during absorptidn can be broken by heating to regenerate the
solution. Absorbent solutions containing acid gas are termed “rich" and
the fegenerated solutions are termed "jean." Several acid gas treating
processes are available but the differences are primarily in the choice
of alkaline absorbent. The most widely used absorbents are monoethanol
amine (MEA) and diethanol amine (DEA). The processeés are exabt1y the

same except for the absorbent used.

A typical acid gas absorption system is shown in Figure 16.
The absorbing medium is 2 10 to 20 weight percent solution of amine and
water. Sour gas enters the nottom of the column and cool, lean amine
enters at the top. Treated gas leaves the top of the absarber and goes
ta the refinery fuel gas system. Rich amine, containing the absorhed
acid gas, is heat exchanged with the lean amine and fed to the top of
the stripper. The steam used for stripping the rich amine is generated
by boiling the water fraction of a portion of the amine solution in the
stripper bottoms reboiler. This eliminates the need far additional

stripping steam which would dilute the amine solution. Acid gas and

steam leave the top of the column and steam is condensed. The condensate
and acid gas are separated in the acid gas separator and the condensate
is returned to the stripper as reflux. This practice of condensate

recovery reduces the possibi1ity of the amine being concentrated due

SHb -8
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to water loss. The acid gas gees to the sulfur reccvery plant and the

hot, lean amine from the stripper reboiler is ccoled and returned to the

absorber,

a portion of the return Jean amine is filtered
The purpose of the fi]ter is to
These .

In some systems,
before it enters the absorption tower.
control the amount of particulate matter-present in the system.

particulates, typically iron/sulfide, are corrosion products caused by

the formation of acids in the system. These acids are formed when the

regenerator temperature is too high and
In addition, the presence of oxygen in the system will also cause decomposi-
Therefore, care is

These corrosion products

amine decomposition occurs.

tion of the amine and subsequent acid formation.
taken to avoid contaminating the amine with air.
can cause severe foaming and a subsequent carryover of amine from the
absorber to the fuel gas system. In addition, the filter may be followed
by activated carbon treatment to remove trace organics that may be present,

which can also cause absorber foaming and amine carryover.

2.13 SOUR WATER STRIPPING UNIT

Water containing sulfides is termed sour water or sour conden-
sate. Refinery operations produce sour water from processes such as
hydrotreating and catalytic cracking and whenever steam is condensed in
the presence of gases containing hydrogen sulfide. Saur water usually
also contains ammonia, and small amounts of phenol and other hydrocarbons.
These contaminants are odorous and ﬁﬁy cause wastewater treatment piant
upsets and wastewater discharge violations if they were discharged without
treatment. Sour water stripping is used by refineries to reduce the
level of the contaminants in sour condensate ta allow further use of

this condensate.

There are many different stripping methods, but most of
them involve the downward flow of sour water through a trayed or packed
tower while an ascending flow of stripping stream or 3as remaves the Hp3
and NH3. Operating conditions vary. from 1 to 50 psig and 100 to 270°F.

SHA- 70
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Typical stripping mediums are steam, flue gas or fuel gas, with stezm

being most commonly used.

Sour watar stripping will remove both hydrogen sulfide and
ammonia from the water. A typical sour water stripping unit is shown in
Figure 17. Sour water is fed to the feed drum which acts as a surge
drum for the stripping column. The sour water is then pumped through a
_preheat exchanger and into the top of the stripper columm. Steam is fed
into the bottom of the column. Sour gas, contzining steam and contaminants,
leaves the top of the stripper and is partially condensed. Condensate
and sour gas are separated in the surge tank and the condensate is recycled
to the stripper. The sour gas is removed to the sulfur recovery unit
and the stripper bottoms are fed to the crude oil desalters or discharged
directly to the wastewater treatment system. If steam consumption is a
concern and maximization of HpS removal is desired, acid may be added to
the sour water feed. This lowers the pH 6f the feedwater and essentially
"fixes® the NH3 in solution. Since the ammonia is not removed, less
steam is required to affect a high degree of HyS removal.

Sour water stripping will also remove varying amounts of phenols,
mercaptans and ather contaminants present in the feedwater. The actual
amount of these materials removed is dependent upon the unit operating
conditions and feedwater characteristics.’

2.14 LIGHT ENDS RECOVERY UNITs

The term light ends typically refers to lignt hydrocarbon
gases having four or less carbon atoms. These include methane, ethane,
propane, and butane. Also included are C3 and Cq olefins and such
materials as isobutane. The purpose of the light ends recovery unit is
to separate these gases for further use.

A typical light ends recovery unit is shown in Figure 18. The
feed to the unit is desuifurized light ends which have been collected
from various process units in the refinery. The gases are first Tique-
fied by compressicn and cooling in order to affect saparation by
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distillation, and sent to & surge drum to remove any condensed moisture.
The mixture is then pumped to the de-ethanizer calumn where methane and
ethane are separated from the mixture and recovered for fuel gas. The

de-ethanizer bottoms are then sent to the depropanizer where the C3 and
C4 compounds are separatad. These stréams may then be further processad
to separate the normal butane and propane from the C3 and €4 olefins and
isobutanes that may be present. The olefinic and jso-compounds are used

" as feedstock for the alkylation unit. The n-butane is sent to gasoline

blending and the n-propane is recovered as liquefied petroleum gas
(LPG). N

2.15 SULFUR RECOVERY UNIT
The sulfur recovery unit is used to convert hydrogen sulfide

(HoS) to elemental sulfur. The most widely used sulfur recovery system
in refineries is the Claus process which uses both tnermal and catalytic

‘¢conversion reactions. The feed stream contains acid gases (COp and HpS)

from the acid gas recovery plant, along with small amounts of hydrocarbon
impurities. The Claus unit is normally designed to convert 95% or more

of the HpS to elemental sulfur. The majority of the remaining sulfur is
removed by the tail gas treating unit.

In the Claus process, hydrogen sulfide is converted to elemental
sulfur in two steps. In the first step (thermal), H2S is partially
burned with air in a boiler to S03. .jow pressure steam is generated as
a by-product. The H25/502 mixture is then reacted over a catalyst to

produce sulfur and water by 2 shift conversion reactien. The shift con-

version is carried out usually in three stages with sulfur removal after
each stage. The use of the shift conversion reactors ailows for more
complete sulfur removal and lower operating temperatures would be possible
with thermal conversion alone. The design of a sulfur recovery unit
depends upon the acid-gas composition. If the concentration of H2S in

the feed is high {(more than 40% Dy volume), a "straight-through” pfocess
is used. In the “straight-through® configuration, all of the acid-gas
and air are fed to the burner. If the H2S concentration in the feed is

Sifb-74
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low (less than 40% by volume), a “split-flow" process is used. In the
nsplit-flow" process, a portion of the feed is burned completely to SO2

and combined with the remainder of the feed to provide the proper
HpS/SQ07 ratio for the shift conversion.

A typical three-stage Claus sulfur recovery unit is shown in
Figure 19. The acid-gas stream containing HpS, C0z, water and minor
amounts of hydrocarbons is fed to an inlet knockout drum to remove any
entrained liquid and then fed to the reaction furnace. The furnace
consists of two stages. The first is a reaction furnace followed by a {
waste heat boiler. In the furnace, a portion of the HzS (~30%) is
burned to SO02. Due to the high temperatures present, the remaining HzS
and the newly formed SO7 react to form elemental sulfur. The hot gases
and sulfur vapor then pass to the boiler to generate low pressure steam,
and thershy condensing the sulfur vapors. The molten sylfur is removed
and the remaining HpS/SO; gas mixture is reheated, and fed to the first-
stage shift converter. In the converter, HzS and 507 react in the _
presence of a catalyst to form elemental sulfur. The gases and sulfur é

R I R s

vapors are fed to a boiler to generate steam, again condensing the
sulfur. The sulfur is removed and the cycle is repeated for two
additional stages. The tail gas containing unreacted HzS and 307 is
then sent to the tail gas treating unit. fhe recovered sulfur is then
sald as elemental sylfur or used on-site to manufacture sulfuric acid.

2.16 TAIL GAS TREATING UNIT -5

There are numerous processes available to treat Claus unit
tail gas and they are generally divided intc reduction and oxidation
processes. Both types have been successfully used in refinery applications
and the choice of unit will depend upon the tail gas composition and
prbcess economics.
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Reduction 7=ocessas

Reduction processes for treating tail gas typically convert
all the sulfur compounds in the feed to HpS. The HzS is then remaoved
from the gas. The most commonly used reduction processes are the Beavon

and SCOT processes.

Beavoen Process

The Beaven Process is shown in Figure 20. In this process,
the tail gas is first heated to the temperature required
for the cataiytic reaction to convert all sulfur compounds
to hydrogen sulfide by mixing it with a het stream of

gas resulting from partial combustion aof hydrocarbon gas
in an in-line burner. This gas not only supplies the
necessary heat but also sufficient hydrogen to satisfy

the requirements of the hydrogenation reactions. After
passing through the reactor, the gas is cooled by direct
contact with water. The cooled gas, which contains
primarily nitrogen, carbon dioxide, and hydrogen sulfide,
is then sent to the Stretford column for hydrogen sulfide
remaval. The water c¢ondensed from the gas in the direct
contact cooler is sent to the sour water stripper.

The HpS-rich gas enters the Stretford absorption/reaction.
column where it is contacted counter-currently with a
solution of sodium salts. The treated gas has very low
concentrations of sulfur compounds and is released to

the atmosphere. Should any unreacted HpS be present in

the tail gas, incineration may be required depending on
the H2S concentration.

The sclution then passes to the reaction section of the
¢olumn where the convergion of HS to elemental sulfur
takes place. The sulfur solution then is fed to the
oxidizer where it is contacted with air. The air serves
to separate the sulfur as a froth (£10%) solids and
regenerate the absorption solution. The froth is then
fed to a filter or centrifuge for recovery of the solids
and the regenerated solution is returned to the absorption
column.

SCOT Process

A‘typical f]oy diagram for the SCOT Process is shown in
Fiqure 21.. Like the Beavon Process, the first step is
to catalyticaliy convert all sulfur compounds to HsS,

and the method empicyed is similar to that used in the
Beavon Process.
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Following the HoS conversion, the HpS-rich gas is quenched
with water and fed to the. absorber. In the absorber,

the HpS is absorbed from the gas stream by an amine
solution (usually di-isopropanol amine). However, unlike
the Beavon Process, there is no conversion of the HpS to
elemental sulfur. The treated gas is virtually free of

sulfur compounds and is incinerated and released to the
atmosphere,

The rich amine solution (¢containing HpS) then goes to
the regenerator where the HpS and COp are stripped from
the amine in a method similar to that used in the acid
gas treating unit.* The gases are returned to the Claus
unit and the lean amine is recycled to the absorber.

Oxidation Process

The only oxidation process that is currently being used in
refineries to treat Claus plant tail gas is the Wellman-lLord Process.

Wellman-Lord Process

A typical Weliman-Lord unit is shown in Figqure 22. The
Claus unit tail gas is first incinerated to convert all
sulfur compounds to sulfur dioxide. The hot flue gas is
then guenched, cooled, and sent to an absorber. The
sulfur dioxide is absorbed from the flue gas with a
solution of sodium sulfite. The clean gas contains very
low concentrations of suifur compounds, and can be re--

_leased to the atmosphere. The solution leaving the

bottom of the absorber, now rich in sodium bisuifite
with some sodium sulfate, is discharged to a surge tank
and then to the evaggrator.

Low pressure steam heats the soiution in the evaporator
to drive off sulfur dioxide and water vapor. The evapora-
tor overhead is partially condensed to remove the water.
The condensate is recycled to a dissolving tank and the

sulfur dioxide containing gas is returned to the Claus
unit feed.

The sodium sulfate that is formed in: the evaporator
when the sulfur dioxide is driven off, precipitates

and builds up a dense slurry of crystais. The crystals
are redissolved by the overhead condensate and the
solution is returned to the absorber.

*See Section 2.12.
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The sod1um sulfate which is formed is not regenerable
and must be purged from the system. This is generally
equivalent to 10 percent of the absorbed sulfur.

2.17 WASTEWATER TREATMENT UNIT

Treatment of refinery wastewater to remove dissolved organic
contaminants typically invelves both physio-chemical and biological
treatment processes, integrated into a single system. This treatment
combined with in-plant source control of wastewater produces a high
quality effluent suitable for discharge to surface waters.

A typical wastewater treatment unit is shown in Figure 23.
This unit represents a system which treats wastewater far discharge to
a receiving stream. If the ref1nery discharges to a pub11c1y owned
treatment works (POTW), it may not 1nc1ude the biological treatment,
section (aeration tanks) and the final clarifiers and filters. There-
fore, the actual wastewater treating system will depend upon the decision
between stream or municipal discharge.

The wastewater and contaminated storm water enters the equal-
szation basin which serves as a surge tank for the process. From the
aqualization basin, the flow is pumped to the API separator for the
removal of suspended salids and free (floating) oil. The oil collected
by the APl separator is pumped to the "slop"™ oil treatment system.

This is normally a series of haolding tanks in which the oil and water
is separated by gravity. The oil is returned tc the refinery for
reprocessing and the water is returned to the treatment system.

The wastewater stream is then fed to the dissolved air flotation
unit (DAF). The purpose of the DAF unit is to remove colloidal solids
and 0il which cannot be removed from the water by conventional gravity
separat1on A partion of the DAF effluent is saturated with air and
mixed with the unit influent. The air bubbles mix with the oil and
solids and cause them to float to the surface of the tank. The fioat
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is than skimmed off and returned to the slop oil treating system. Any
solics that settle in the DAF tank are handled with the other settled
soli¢s. Chemical trsztment may be added ahead of the 0AF unit which
will 2ssist in the removal of emulsified oil.

The flow tnen passes to the aeration basin where the water is
biologically treated to remove contaminants such as dissolved organic
constituents (BODg5) and ammonia. B8iological treatment is the removal
of the dissolved aorganic material by microorganisms in an oxygen-rich
environment. The flow then enters the final clarifier to remove the
biological solids. The clarifier overflow is then passed through granular
media filters to remove entrained suspended solids. The Tiltrate is
then discharged to the receiving stream.

Numerous alternatives exist for disposing of the solids gener-
ated by the wastewater treating system. The method chosen will depend
upon economic and site considerations. In the system shown in Figure

23, a portion of the settled solids (underflow) from the final clarifier

is mixed with the settled solids collected in the API separator, DAF
unit, and slop oil treatment system, and sent to a gravity sludge
thickener. From the thickener, the sludge can be processed by digestion,
dewatered by vacuum filtration, and then finally disposad of by land
disposal or incineration. Water collected in the sludge processing
operations is returned to the head of the waste treatment unit.
4

The wastewater treating system shown in Figure 23 ripresents
the treatment technology required to meet the Best Practical Centrol
Technology (BPCT) refinery wastewater discharge regulations.* To meet
the 1984 regulations, additional treatment such as the application of
powdered activateﬁ carbon in the aeration basin for the removal of
residual dissolved arganic materials and processes such as reverse
osmosis to remove dissolved inorganic so}ids from the effluent may be
required. These processes can be added to existing treatment facilities.
The wastewater treatment system for new refineries in addition to the

*Reterence 10
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activated carbon z-z dissoived solids removal systems may also include
segregatad treatmert ¢f specific waste streams and two-stage biclogical

treatment as part of the initial plant design.

Boiler blowdown, sanitary wastes and ballast water may be
treated separately frcm the main process wastes. Sanitary wastes are
callectad separateily and‘treated in a package biclogical treatment
plant designed specifically to ireat domestic waste. This practice
avoids the costly requirement of chlorinating the antire refinery dis-
charge due to the presence of sanitary wastes as well as the pessible
formation of chlorinated hydrecarbons in the receiving water. Bailer

blowdown and other boiler wasteswaters usually do not regquire treatment

and can be discharced directly.

In the case of coastal refineries or refineries served by
tanker, ballast water from tankers must 2lso be collected and treated,
primarily for oil removal. The ballast water is first pumped to
halding tanks where free o0il and suspended solids are allowed to
separate by gravity. The tanks are typically equipped with skimmers to
‘remove the separated oil which is sent ta the refinery for processing.
The water can then be discharged directly with the plant effluent, sent
tg the wastewater treatment plaant for further treatment, or can be

pumped to a second series of tanks for removal of emulsified oil before

being discharged. The actual ballast water treatment system employed
will depend upon the characteristics of the waste?

2.18 REFINERY OFF-SITES

Refinery off-sites are a general category of equipment, systems
and facilities that are used in support of the refining unit operations.
In addition to the major off-sites discussed in this section, aff-sites

include such facilities as garages, machine shops, storehouses and

necessary officas.
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GLOSSARY OF TERMS USED iN PETROLEUM REFINING

ABSORPTION
ACCUMULATOR

ACID

ACl10 GAS

ACID GAS TREATING
ACTIVATED CARBON
ADDITIVES

ADSORPTION

ALGAE

ALKYLATION

AM1NE

ANALYSIS

ANODE

ANT | -KNOCK COMPQUNDS

APl GRAVITY

A

A process whereby a liquid dissolves a gas, such as amine
which absorbs hydrogen sulfide (H,S) from fuel gas.

A vessel which serves as a collection point for condensed

A member of an important and fundamental category of chemical

‘products, such as tower overhead material.

substances characterized by having an available reactive:

hydrogen and requiring an alkali to neutralize them, Acid

solutions usually have 2 sour, biting, and tart taste,
like vinegar. {See also specific acids under alphabetical

listing.)

A gas containing hydrogen sulfide and carbon dioxide.

Process where acid gases are removed from hydrocarbon
gases by absorption in amine solution.

A form of carbon which has a high adsorptive capacitf for
chemical species contained in gases, vapors and liquids.

Chemicals added to petroleum products to improve performance

or obtain desired product characteristics.

A process in which chemical species contained gases, vapors

or liquids physically adhere to the surface of a solid,

Plants of the grOup.comprisinQ practically all seaweeds and

.such as activated carbon.

2llied freshwater or nonaquatic forms, such as pond scums,

stomeworts, etc,

A catalvytic process for combining isoparaffins and olefins

such as isobutane and butylene, to form alkylate, a gasoline

component, Extremely important in the production of

unleaded gasoline,

Organic chemical used to absorb acid gases from hydrocarbon

gases in the acid-gas treating unit.

- The process of determining the composition of a substance
by chemical or physical methods.

(See also specific types

of analysis under alphabetical listing.)

The positive poie or electrode of an electrolytic cell,

vacuum tube, etc,

An additive to gascline,

engines,

such as tetraethyl, lead, for
improving combustion characteristics in internal combustion

. . . !
An index for measuring the density of crude oil and petroleum™-

products. The higher the gravity, the lighter (less dense)

the material,
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©. APl SEPARATOR

ARQMATIC HYDROCARBONS
ASH

ASPHALT

ASTH DISTILLATION

ATMOSPHERIC PRESSURE

ATOM

BACK PRESSURE

BACT

BAFFLE

BALLAST

BARREL

A device for separating oil from water by gravity
differential,

Hydrocarbons with an unsaturated closed ring structure,
such as benzene, toluene and xylene,

A non-volatile, incombustible component of fuels which
remains after combustion.

8lack to dark-brown sclid or semisolid cementitious material
which gradualiy liquefies when heated and .in which the pre=-
dominating constituents are bitumens. These occur in the
solid or semisolid form in nature; are obtained by refining
petroleum; or are combinations with one another or with
petroleum or derivatives thereof, {See also specific
asphalts under alphabetical listing.)

Any distillation made in accordance with an ASTM distillation
procedure; and, especially, a distillation test made on such
products as gasoline and kerosene to determine the inttial
and final boiling points and the boiling range (ASTM Method

D 85.)

1. The pressure of air. 2. Hore specifically, the
pressure of the air at sea level, 3, As a standard, the
pressure at which the mercury barometer stands at 760 mm,
or 30 in, (equivalent to approximately 14,7 psi),

The smallest complete particle of an element which can be
obtained, yet retain all physical and chemical properties
of the element. Ac<cording to present theory, the atom
consists of a nucleus of protons and neutrons positively
charged, surrounded by negatively charged particles called
electrons.

1. The pressure on the outlet or downstream side of a
flowing system. 2. In an engine, the pressure which acts
adversely against the piston, causing loss of power,

Refers to level of air and wastewater control technology
defined as Best Available Control Technoilogy.

A partial restriction, generally a plate, located so as to
change direction, guide the flow, or promote mixing within
the equipment in which it is installed.

The flow of waters from a ship which is treated at the
refinery,

A volume unit used in the petroleum industry consisting of
42 Y. . standard gallons.
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BASELINE Present and future conditions as they would exist in the
absence of a proposed action. '

BASIC SEDIMENT AND The heavy material which collects in the bottom of storage
WATER ' tanks, usually composed of oil, water and foreign matter.
Also called battoms, battom settlings, etc.

BICYCLIC An organic compound containing two rings, e.g. naphthalene,
BLEND Any mixture prepared for a special purpose; e.g., the
’ products of & refirery are blended to suit market require-
ments.
BLENDING STOCK Any of the stocks used to make commercial gasoline, These -

include: natural gasoline, straight-run gaseline, cracked
-gasoline, polymer gasoline, alkylate, and aromatics.

BLIND A solid plate inserted in a flanged joint to seal one side
of the joint from the other side.

BLOCK VALVE A valve used for isolation of equipment,

BLOWDOWN Material purged from refining processes during startups,

shutdowns, and pressure relieving. Aqueous blowdowns also
occur from cooling water and boiler systems as a part of
normal operation. :

B01LING POINT The temperature at which a2 substance boils, or is converted
into vapor by bubbles forming within the liquid; it varies
with pressure. (See also specific boiling points under
alphabetical 1isting.) .

BOILING RANGE The range of temperature, usually determined at atmospheric
pressure in standard laboratory apparatus, over which the
boiling or distillation of an oll comnences, proceeds, and
finishes. : —

BOMB A steei cylinder used as a device for conducting oil tests
under high pressure, e.g., in gua, sul fur, and Reid vapor
pressure tests.

BOTTOMS The liquid which collects in the bottom of a vessel (tower
bottoms, tank bottoms), either during a fractionating process
or while in storage. (See also ''basic sediment and water;

resldue'.)
BRINE Water which is néafly saturated with salts.
BUBBLE CAP An inverted cup with a notched or slotted periphery to

disperse the vapor in small bubbles beneath the surface of
the liquid on the bubble plate in a distillation celumn,
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BUBBLE TOWER

BUBBLE TRAY

BUNKER FUEL OIL

BUTANE

CARBON

CARBON DIOX}DE

CARBON MONOCX]DE

CARBON RESIDUE
(COMRADSON;
RAMSBOTTOM)

CATALYST

'CATHODE

A fractionating tower so constructed that the vapors rising
pass up through layers of condensate on a series of plates

or trays. The vapor passes from one plate to the next above
by bubbling under one or more caps and out through the liquid
on the plate. The less volatile portions of vapor condense
in bubbling through the liquid on the plate, overflow to

the next lower plate, and ultimately back into the reboiler.
Fractionation is thereby effected,

One of the circular, perforated plates having the internal
diameter of a tower, set at specified distances in a tower
to collect the various fractions produced in fractional
distillation.

A heavy residual fuel oil used mainly by ocean-going vessels,

Either of two isomeric, flammable, gaseous hydrocarbons,
C4H1g, of the paraffin series: n-butane or isobutane.

.C

A nonmetallic element existing in diamands, graphite, and
numerous amorphous forms; combined as carbon dioxide,
carbonates, and in all living things. C€arbon is unique in
forming an almost infinite number of compounds (it is
present in all organic compounds).

A heavy, colorless gas, (07, which will not support combustion.
Dissolved in water, it forms carbonic acid. It is exhaled by
lung-possessing animals as a waste gas, but is inh3led by
certain plants which absorb its carbon and release its oxygen
as a waste gas,

A colorless, odorless gas, (0; a product resulting from the
incomplete combustion of carbon, h

The carbonaceous residue formed after evaporation and pyrolysis
of a petroleum product. The residue is not entirely composed
of carbon, but is a coke which can be further changed by
pyroiysis. Tests for the determmination of carbon residue

are intended to provide some indication of the relative
coke-forming propensities of an oil (ASTM Methods D 189

and 0 524},

A substance used.to increase the rate of chemical reactions
but which is not directly involved in the reaction. Solid
refinery catalysts are usually made from platinum or other
heavy metal. Liquid catalysts are acids such as Hydro-
fluoric Acid (HF}. '

The negative pole or electrode of an electrolytic cell,
vacuum tube, etc.

SHEST .
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CAUSTIC A term used for solutions of sodium hydroxide used in
various treating and sweetening processes, A very strong
alkali.

CELL 1. The smallest cooling tower subdivision which can function
‘ as an independent unit with regard to air and water flow;
it is bounded by exterior walls or partition walls. Each
cell may have one or more fans or stacks and one or more
distribution systems. 2. A location providing isolation
of an engine stand to reduce noise, hazard, etc.

CETANE NUMBER An obsolete designation for the starting and running quality
) of diesel fuel, using cetane as a reference fuel. It has
been succeeded by the cetane number.

CHECK VALVE An automatic valve which permits fluids to pass in one
direction but closes when the fluids attempt to pass in the
opposite direction.

CHEM{CAL TREATHENT Refining effected by chemicai-reagents to remove (or nodify)
certain constituents that have an unfavorable effect on

finished oils.

CHLORIDE Any of the salts or esters of hydrochloric acid, e.g., sodium
' chloride. (See also specific chlorides under alphabetical
listing.)
CLAUS PROCESS A sulfur recovery process in which hydrogen sulfide is

converted to elemental sulfur,

coiL Any of a number of turns of piping, or one of a series of
connected pipes in rows or layers, for the purpose- of
radiating or absorbing heat. (See also 'cracking coil".)

COKE . Soiid carbonaceous residue obtained from coking residual
: crude oil, Calcined coke is coke that has been heat treated
to remove volatile materials. :

COKIiNG Thermal cracking process in which vacuum distillation unit

- residuum i5s converted to lower boiling range material and
- coke. . :
COMPOUND A substance formed by the combination of two or-more ingredi-

ents in definite proportions by weight, and possessing
physical and chemical properties entirely different from
those of the ingredients. (See also specific compounds
under alphabetical listing.)

COMPRESSOR A machine which draws in air or other gas, compresses it,
and discharged it at a higher pressure. (See-aiso
centrifugal compressor'.) .

CONDENSATE 1. The liquid product coming from a condenser. 2. A
light hydrocarbon mixture produced as a liquid product
in a gas-recycling plant through expansion and cooling of
the gas.
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CONDEHSER Ordinarily, a water-cooled heat exchanger used for cooling
‘ and liquefying oil vapors. Where the cooling medium used
is air, the condenser is called an air condenser. (See
also specific condensers under alphabetical listing.)

CONDENSER BOX A large box-shaped structure in which the condenser, which
may consist of coils or 'worms", is submerged in a heat-
absorbing medium, usually water.

CONVECTION The flow of heat through liquid ar gas by actual mixing of
the fluids (physical turbulence). '

CONVECTIOM SECTION That portion of the furnace in which tubes receive heat
by convection from_ the flue gases.

COOLER A heat exchanger whose primary purpose is to reduce the
temperature of one of the passing fluids.

COOLING TOWER - A unit or structure; usually built of wood, for the purpose
of cooling water by evaporation.

CRACKED GASOLINE Gasoline obtained by cracking heavier petroleum fractions.

CRACKING A process in which large hydrocarbon molecuies are divided-

into smaller molecules, Processes may be catalytic or
thermal types.

CRUDE QIL Raw material used for refinery feedstock.

CRUDE STILL Distillation equlpment in which crude oil is separated into
various products.

CYLINDER The tubular barrel portion of a piston engine within which’
‘ the piston moves.

D
DEAERATOR A divide used to remove dissolved oxygen from boiler feed
water., ?
DEBUTANIZATION Distillation to separate butane and lighter components of

the feed from pentane and heavier components.

DE-ETHANIZER A distillation column which removes ethane and lighter
hydrocarbons from propane and heavier hydrocarbons, The
terms depropanizer and debutanizer are also used for
similar operations. '

DEPROPANIZATION Distillation in which lighter components are separated
f rom Cu's and heavier material. Also called depropanation.

DESALTING 7 A process in which salts are removed from crude oil by
washing with water. |n some cases desalting may take place
in the presence of an electrostatic charge to and in oil-water
separation, ‘
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DIESEL FUEL
DISTILLATE

DISTILLATION

DISTILLATION RANGE

DOWNCOMER
DRAWOFF

DRY GAS

ECONOMETRIC MOOEL

ELECTRIC DESALTING

ENDOTHERMIC
ENTRAINMENT

ETHANE

EXOTHERMIC

EXTRACTION

SHH-42-

Fuel used for internal combustion in diesel engines;
usually that fraction which distills after kerosene;
similar to gas oil.

That portion of a liquid which is removed as a vapor and
condensed during a distillation process. (See also specific
distillates under alphabetical listing.)

A process in which a hydrocarbon feed is separated in
various components of different boiling,points.

The difference between the temperature at the initial
boiling point and at the end point, as obtained by the
distillation test.

A means of conveying liquid from one tray to the next below
in a bubble tray column. ‘

A connection which allows liquid to flow from the side or
bottom of a vessel,

A hydrocarbon gas which does not condense easily or contain
water vapor. Usually contains mostly light hydrocarbons,
such as methané and ethane.

E

A model of the economy that emphasizes the relationship
of production to income, and of income to demand. These
models are usually estimated statistically from time
series data.

A continuous process to remove inorganic saits and other
impurities from crude oil oy settling out in an electro-
static field.

Reaction or process which requires heat to take place.

Liquid droplets or mist contained in vapors leading a
boiling liquid. )

A gaseous paraffinic hydrocarbon, CH3CH3, occurring in
natural gas.

Reaction or process which produces heat as it proceeds.

Process in which a substance is removed from a liquid
stream by contacting with a. second, immisible -liquid

(liquid-liquid extraction). Can aiso have gas-liquid
extraction where one stream is a gas,
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FEEDSTOCK
FIXED ROOF
FLARE

FLASH DRUM
FLASH POINT
FLASH TOWER
FLOATING ROOF

FLUE GAS
FLULD CATALYTIC

CRACKING

FRACT1ONAL
DISTILLATIOCN

FRACTIONATING COLUMN

FRACT!ONATION

FUEL GAS

FUEL OIL

£

Crude oil or a fraction thereof to be charged to any process
equipment,

A tank ‘roof which is rigidly fixed to the tank regardless
of the tank liquid level.

A device used for burning waste gases and is usuél!y part
of the relief valve system,

A vessel used to separate vapors and liquids after a
pressure reduction, .

The minimum temperature at which vapors above a petroleum
fraction or product will ignite in the presence of a flame.
The vessel used for. the separation of oil fractions in a
flash distiilation process.

A roof which floats on surface of liquid in a storage tank
to reduce evaporation losses. '

Gas from the combustion of fuel, the heating value of which
has been substantially spent and which is, therefore, dis-
carded to the flue or stack.

High temperature,” low pressure catalytic process which
converts (cracks) higher boiling range fractions into lower
boiling range materials.

The separation of the components of a liquid mixture by
vaporizing and collecting the fractions, or cuts, which
condense in different temperature ranges.

A column arranged to separate various fractions of-petroleum
by a single distillation. The column may be tapped at
different points along Its length to separate various
fractions in the order of their condensing temperatures
(boiling points). (See also 'bubble tower''; ‘'tower''.)

Separation in successive stages, each removing from a
mixture some proportion of one of the substances. The
operation may be precipitation, crystallization, distilla-
tion, etc. {See also specific fractionation processes
under alphabetical listing.)

Light hydrccarbon gases consisting mainly of methane and
ethane, generated by the refining processes and used for
firing process heaters and furnaces.

Any liquid or liquefiable petroleum product burned for the
generation of heat in a furnace or firebox, or for the
generation of power in an engine, exclusive of oils with

a flash point below 100 F. (Tag closed-cup tester) and
oils burned in cotton- or wool-wick burners. (See also
specific fuel oils under alphabetical listing.)
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. FURNACE

FURNACE 0OiIL

GAGE GLASS

GALLON

GAS DETECTOR

GAS OIL
GASOLINE

GLAND

GRAVITY ,

HEADER

HEAT EXCHANGER

HEAT MEDIUM

That portion of the refinery heater in which the combustion
of fuel and air takes place.

Distillate fuel oil used for residential and commercial
heating. Also known as No. 2 Fuel 0Qil,

G

A glass tube with one or more pet cocks: called gage cocks,
affixed to the boiler (still or other vessel) to furnish

@ visual indication of the level of the liquid in the vessel.

In the case of a boiler, it is also called a water gage.

A unit measure of volume, A U. S. gallon contains’
23t cu. in, or 3,785 liters; it is 0.83268 times the
imperial gallon. One U, 5. gallon of water weighs,
8.3374 1b. at 60 F,

An instrument for determining the explosibility of a gas-
air mixture, It is used as a safety device in refinery
operations and is also known as an explosimeter,

A petroleum distillate with a viscosity and boiling range

between those of kerosene and lubricating oil.

A refined petroleum product which, by its composition, is
suitable for use as a fuel in internal-combustion engines.

The outer portion of a stuffing box, consisting of a tubular
projection which embraces the rod and extends into’ the
bore of the box, thus bearing against the packing.

I. The ratio of the weight of a volume of any liquid to
the weight of an equal volume of distilled water at 60 F.
(See also APl gravity; 'specific gravity''.) 2. The down-

ward force which the earth exerts upon all objects.

H

A common manifold in which a number of pipelines are united,
Usually refers to the U-bend connection between two
consecutive tubes in the coil. .

Apparatus for trénbferring heat from one fluid to another.
Specifically, a piece of equipment having a tubular piping
arrangement which effects the transfer of heat from a hot
to a relatively cool material by conduction through the
tube walls,

A medium used for the transfer of heat at temperature levels
above that of steam. Probably the most widely used medium
is a high-boiling petroleum fraction, usually in the gas

oil range.
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[HMISCI8LE

INDUCED DRAFT

{NHIBITOR

INORGANIC

150~

I SOBUTANE

1SOHERIZATION

JET FUtL:

KEROQSENE

KMOCKQUT

KNOCKOUT CRUM

LATENT HEAT

-wo materials are immiscible if they will not dissolve
in each other, such as oil and water.

~ir drawn, rather than forced, into a furnace.

A substance, the presence of which, in small amounts, in

a3 petroleum product prevents or rewards undesirable chemical
changes from taking place in the product, or in the
condition of ,the equipment in which the product is used.

In general, the essential function of inhibitors is to
prevent or retard oxidation or corrosion.

Pertaining to substances not organic, nonliving, l.e.,
which are not carbon compounds, with the possible exception
of the oxides and sulfides of carbon, (See also ''organic'.)

With respect to hydrocarbons, a prefix denoting branching
on a straight chain,

A colorless paraffinic gas {2-methylpropane, trimethyl-
methane), CyHjg., with characteristic natural gas odor;
boiling point, -117 C (10,6 F). An important component
of natural gasoline, refinery gases, and wet natural gas.

A process in which normal hydrocarbons are converted to

their isomers by rearranging the molecular structure, The
final product called isomerate is used as a biending .
component in gasoline, e

J

A kerosene-based fuel for use in gas turbine powered
aircraft. JP-4 and JP-5 are common grades of jet fuel,

K

A petroleum distillate boiling between naphsha and gas oil.
Used in jet fuels and heating oils.

A drum or vessel, constructed with baffles, through which

a mixture of gas and liquid is passed to disengage one

from the other., As the mixture comes in contact with the
baffles, the impact frees the gases and allows them to pass
overhead: the heavier substance falls to the bottom of the

drum,

A process vessel used to remove entrained liquid from gases.

L

1. The latent heat of fusion, or the amount of heat necessary\ .
to change a2 unit mass of solid into & liquid without change of
temperature. 2. The latent heat of vaporization, or the

amount of heat necessary to change a unit mass of liguid

into vapor without change of temperature.f
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HEAT GF VAPORIZATICN
HEATER

HEAVY CRUDE 0IL
HEAVY ENDS

HEPTANE

HOLDUP
HYDROCRACKING

HYDRODESULFURIZATION
HYDROGEN

HYDROGEN SULFIDE

HYDROMETER

HYDROTREATING

The quantity of heat required to convert a definite amount
of a liquid at its boiling point into the gasecus state.

The furnace-and-tube arrangement which furnishes the
principal heating element in a processing unit.

Viscous crude oils with APl gravities less than 1§.
The highest boiling portion of a petroleum fraction.

Any of nine jsomeric hy&rocarbons of the paraffin series,
C7H16; specifically, normal heptane, with boiling point at
95 € (203 F).

Any time period during which a certain proportion of the
liquid introduced into the distillation apparatus is
actually in the column or tower as a reflux and rising
vapor,

A high temperature, high pressure catalytic process which
cracks petroleum fractions in the presence of hydrogen.
Also will perform some degree of hydrodesulfurization and
hydrogenate unsaturated compounds.

A process in which sulfur, nitrogen and metals are removed
from petroleum in the presence of a catalyst by combining
the sulfur with hydrogen,

The lightest of all gases, occurring chiefly in combination
with oxygen in water; also in acids, bases, alcohols,
petroleum and other hydrocarbons.

A compound of hydrogen and sulfur, specifically the mono-
sulfide: a colortess, flammable, poisonous gas, H,S,
having a disagreeabie odor; called also sulfureteg
hydrogen. -

A graduated instrument for determining the gravity of
liquids, usually made of hollow glass and weighted at one
end so as to float upright., On immersion, the lighter the
liquid, the lower the instrument sinks because the buoyant
force is less, Some hydrometers are marked to read per-
centage of constituent, or some other property related to
gravity. The instruments used in measuring petroleum
products usually read degrees APi or specific gravity
directly (see “AP| gravity'"; “'specific gravity'.)

A procass in which petroieum is reacted with hydrogen in’
the presence of a catalyst to remove sulfur or to hydro-
genate unsaturated compounds. Often used interchangeably
with hydrodesulfurization, '

SH>TY%
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LEAD

LIGHT

LIGHT ENOS

LIHEAR RELATIQNSHIP
LIQUID PHASE
LOADING RALK

LOCK BOX

LUBRICATING OIL

LUBRICATION

MANHEAD

HAHOMETER
MERCAPTAN

METHANATION

Industry parlance for the motor fuel antiknock additive
compound tetraethylilead, or for other crganometallic lead
ant iknock compounds,

A relative term applied to petroleum fractions to denote
the lower boiling material, such as light naphtha and
light gas oil.

Light liquid hydrocarbons, typically ethane, propane and
butane, . !

0f the first degree with respect to one or more variatles;
involving measurement in one dimension only.

The term describing a product or substance when in the
form of a liquid.

A structure used to load petroleum products into seagoing
vessels, tank trucks, rail tank cars, or barges.

A box with glass windows built in the rundown lines from
stills, so arranged that the stream of oil coming from the
condenser coils may be watched at all times and samples

for tests drawn as desired. :

A fluid lubricant used to reduce friction between bearing
surfaces. Petroleum lubricating oils may be produced
either from distillates or residues; amounts of other
substances, known as additives, may be added to impart or
improve certain required properties.

The state of being lubricated, or the act of applying
lubricating substances which are capable of reducing friction
between moving mechanical parts. (See spacific types of
lubrication under alphabetical listing.) -

M
An access opening intoc a tower, drum, or tank to aliow
entry of a man during shutdowns for inspection, cleaning

or repair. Also called manhole.

An instrument for measuring the expansion or the expansive
power of gases or vapors; a pressure gage or vacuum gage.

An organic compound present in ''sour'' crude cils or gasolines.
Mercaptan compounds contain sulfur and have a strong odor,

A process in which carbon monoxide is converted to methane
by reaction with hydrogen,

SHO-37
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METHANE A light, odorless, flammable gas, CH,; the first member of
- the paraffin series (which see); boi%ing point, -15i.4 C.
It is the chief constituent of natural gas. [t is also
often produced by the partial decay of plants in swamps,
so that its occurrence is not uncommoniy misinterpreted
as an indication of the presence of petroleum.

METHODOLOGIES Systems of practices or procedures, The procedures deal
with the components of an environmental impact assessment.

HI1D-BOILING POINT The temperature at which approximately 50 percent of a
material has distilled. There are, however, several
specific definitions of the mid-boiling point, and the
term should be used only with a clear understanding of its .
meaning in the context.

MISCIBLE Two materials are miscible if they will dissolve in each
other, such as salt-and water.

MITIGATION To lessen or reduce. Used in the context of environmental
assessments to refer to an action designed to reduce
adverse impacts.

MOTOR GASOLINE A complex mixture of relatively volatile hydrocarbons,
with or without small quantities of additives, which have
been blended to form a fuel suitable for use in automotive
internal-combustion engines.

MOTOR VALVE A valve incorporated in automatic control systems to

. requlate the rate of flow of material through a section
of pipe, It is actuated either mechanically, eiectrically,
or by gas prassure from a control instrument.

; N

NAPHTHA A petroleum fraction bailing in the gasoline range.

NAPHTHALENE A solid aromatic hydrocarbon containing a double benzene
nuclzus, CygHg; a constituent of coal tar. Obtained f rom
crude oil and cracked petroleum products; used as a chemical
intermediate and as an insecticide; melting point, 80,2 C

(176.3 F).

NAPHTHENES A group of hydrocarbens having 3 saturated ring structure
' such as cyclohexane found in naphthenic crude oils.

NAPHTHENIC ACID A generic term applied to organic acids which occur in
: crude o0il. ASTM Method D 288 defines them as carboxylic
derivatives of cycloalkane hydrocarbons {naphthenes).
The monobasic acids have the general formula C Hp_25,0s
where "X'" is the number of rings in the molecule. !
Their salts are called naphthenates.
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ORGANIC ACID

QRIFICE

ORIFICE METER

OVERHEAD

PARAFFIN

PARAFFIN-BASE CRUDE

PARAFFIN SERIES

PARTIAL PRESSURE

PENTANE

PETROLEUM

pH VALUE

Any of the acids formed in crganic matter, €.9., the fatty -
acids; one of the organic acids which occur in small
guantities in petroleum (see ''naphthenic acid"). (Edlitor's
Note: Any acid containing thz carboxyl group {COOH) ).

A device for restricting the fliow through a pipe. The
difference in pressure on the two sides of an orifice plate
can he used to measure the voiume of flow through the pipes.

An instrument which measures the flow through a pipe by
use of the difference in pressure on the upstream and
downstream sides of an orifice plate.

The vapors which are toiled off the top of a distillation
tower or the lightest product cbtaired in the distillation
process. -

P

A series of linear and branched hydrocarbons fully saturated
in hydrogen, such as methane, propane. Also known as
alkanes. High molecular weight paraffin in solid form is
kmown as paraffin wax,

Crude oil which contains paraffin hydrocarbons but no asphalt,

A homologous series of open-chain saturated hydrocarbons
of the general formula C H, . 5, of which methane (CHL) is the
first member; sometimes re%erred to as the methane series.

The fraction of the total pressure exerted by each
constituent of a gas mixture. The sum of the partial
pressures is equal to the total pressure, The partial
pressures are proportional to the concentrations of the
individual gases in the mixture,

Any of three isomeric hydrocarbons, (5Hi2, of the paraffin
series; specifically, the one of normal structure, CH3(CH2)3CH,.
The others are 2,2-dimethyipropane, CH3C(CH3)2CH3; i so- -
pentane, (CH3)aCHCH,CH3. All three cccur in petroleum,

A material occurring naturally in the earth, predominantly
composed of mixtures of chemical compounds of carbon and
hydrogen with or without other nonmetallic elements such as
sulfur, oxygen, nitrogen, etc. Petroleum may contain, or be
composed of, such .compounds in the gaseous, liquid, andfor
solid state, depending on the nature of these compounds and
the existent conditions of temperature and pressure,

The logarithm of the reciprocal of the hydrogenion con-
csntration. This indicates the acid or alkaline condition
of a substanmce, pure water and neutral solutions having a
pH of 7. Acid solutions have a pH less than J; alkalire
salutions, a pH greather than 7.
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NAPHTHENEIC CRUDE Crude oil containing a relatively large percentage of
naphthenes, An oil obtained from a naphthenic crude is
said to be a naphthene-base oil. Lubricating oils made
from such crudes are nomally distinguished from similar
oils made from paraffinic crudes (both oils equally well
refined) by lower gravity, lower carbon content and pour
point, and lower rating viscosity index.

N1TROGEN Element of atomic number 7, of group V of the periodic
system; colorless, odorless, tasteless diatomic gas
constituting approximately four-fifths of the air;
chemically rather inert; soluble in water. Derived from
liquid air by fractional distillation.

NI TROGEN BASE A compound, such as amine, which may be considered a sub-
stitution product of ammonia; a compound containing
trivalent nitrogen, “capable, like ammonia, of combining
with acids in the formation of salts containing pentavalent
nitrogen,

NORMAL SOLUTION A solution containing one gram molecular weight of the
dissolved substance divided by the hydrogen equivalent
of the substance per liter of solution.

0

OCTANE Any of the group of isomeric hydrocarbons, CgHyg, of the
paraffin series; specifically, normal octane, a colorless
liquid bolling at 124.6 € (256.1 F), found in petroleum.

- DCTANE NUMBER An index used to measure the anti~knock properties of
gasoline, Research, Motor and Road Octane Numbers are
three different octane ratings.

ODORANT A material added to fuel gas to impart a distinctive odor
and permit human detection. :

OQFFSETS An amount of pollution reduced from existing sources
which exceed projected amount of pollution from a new
source (nonattainment areas).

OLEFINS A class of hydrocarbons which are tynsaturated' or deficient
. in hydrogen, such as ethylene, butylene,

ON STREAM ' A term to denote that a refinery or process unit is in
normal operation,

ORGAN|C Pesignation for a branch of chemistry treating, in general,
of the compounds produced in plants and animals, or of

carbon-hydrogen compounds of synthetic origin; contrasted
with inorganic (which see).

SH ~1oo
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PIPE STILL

PREHEAT

PRESSURE

PRESSURE DROP

PRESSURE VESSEL

PRIMARY AIR
PROPANE
psia, psig

PUBLIC OWHNED
TREATMENT WORKS

PUKING
PUMP
PUMPARQOUND

PURGING

A still in which heat is applied to the oil while being
pumped through a coil or pipe arranged in a suitable fire-
box. After leaving the heating zone, the pipe runs to a
fractionator; a porticn of oil is taken off overhead as
vapor, and the liquid portion is removed continuously,

To heat, previous to some treatment, as an oi! to be
subsequently distilled, or as a body of gas or oil to be
used as fuel, : ’

The force or thrust exerted on a surface, normally expressed
as force per 'unit area, Pressure is exerted in all
directions in a system, Common examples: air pressure in

a tire, or water pressure at some depth in the ocean.

(See also specific types of pressure under aiphabetical
listing.)

The decrease in pressure due to friction, which occurs
when a liquid or gas passes through a pipe, vessel, or
other piece of equipment.

An enclosed container in which greater than atmospheric
pressure is maintained.

The air required for combustion in a2 furnace which is mixed
with the fuel (gas, oil, pulverized coal, etc.) in and
through the burner.

A gaseous paraffin hydrocarbon, C3H8, cccurring in crude
oil, natural gas, and refinery cracking gas. |t is used
as a fuel, a solvent, and a refrigerant.

Pressure designations in pounds per square inch, Psigqg
is the actual reading of a pressure gauge and psia is
psig plus atmospheric pressure.

A treatment warks which is owned by a state or municipality.

fn a still or bubble tower, the foaming and rising of oil
to the extent that part of the liquid is driven out of the
vessel through the vapor line. ({See also ''surge'.)

A machine for raising or transferring liquids or gases by
suction, pressure, or both. (See also specific pumps
under alphabetical listing.)

A system on a distillation tower for withdrawing a iiquid
from a plate, cooling it, and returning it to ancther plate
for the purpose of inducing the condensation of wapors.

The displacement of one material with another in process
equipment; frequently, displacement of hydrocarbon vapar
with steam or inert gas.
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. REBOILLER

RECYCLE

REDUCED CRUDE OIL

REFINERY GAS

REFLUX

REFLUX CONDENSER

REFORMING

RESTDUAL: FUEL OIL

RISER

SAFETY VALVE

SALT

R

A heat exchanger used to bail liquid toc provide vapors o
the bottom of a process column,

1. A type of operation in which part of the product i$§
continuously fed back for reprocessing, in contrast to
once-through operation. 2. That portion of the product
which is fed back.

The crude oil remaining after distillate products have
been removed.in the crude distillation process. Typically
is the feed-stock to the vacuum distillation unit,

Any form or mixture of gas gathered in a refinery from
the various stills, :

In fractional distillation, that part of the distillate
which may be returned to the column to assist in making a
better separation into desired fractions. This operation
is called refluxing., Reflux may be either circulating

or induced. Circulating reflux is liquid which is withdrawn

hot, cooied, and pumped back to the tower. Induced reflux

is liquid formed within a fractionation tower by condensatlon

of vapors by means of an internal cooling coil,

A condenser which constantly condenses vapors and returns
liquid to the original distilling unit or to lower levels
of a fractionating tower.

A process in which the octane rating of naphtha is Increased
by catalytic reaction or mild thermal cracking. The product

is termed reformate and used as a blending component in
gasoline, ‘

Fuel oils containing reduced crude oil.

That portion of the bubble plate assembly wvhich channels
the vapor and ‘causes it to flow downward to escape through
the liquid.

)

A valve on a still, vapor line, or other pressure vessel,
set so that it will permit the emission of gases when the
maximum safe working pressure is reached.

A compound in which a metal or other positive ion exists
in place of the hydrogen of an acid (e.g., potassium
bromide, in which potassium replaces the hydrogen of
hydrobromic acid), formed: -1, by direct replacement of
the acid hydrogen with a metal; 2, by neutralization of
the acid with an appropriate base; or, 3, by double
decomposition.
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SATURATED HYZROCARBON

SAYBOLT-FUROL,
' SAYBOLT-UNIVERSAL

SCRUBBING

SECONDARY AIR

SETTLER

SHI1FT CONVERTER

SI1DESTREAM

SIDESTREAM STRIPPER

SIEVE PLATE

STIGHT FEED LUBRICATOR

SKIHMING

SLOP

SOUR

SPLITTER

Hydrocarbons that have no deficiency of hydrogen such as
methane and ethane.

Measures of viscosity used in petroleum industry.

Purifying a gas by washing with water or chemical; less
frequently, the removal of entrainment. The equipment
used to give intimate contacting of the material to be
purified is called a scrubber, '

The air which provides the oxygen necessary for the complete
combustion of fuel (gas, oil, powdered coal, etc.), and
which was not provided by the burmer in the form of primary -
air,

A separator; a tub,_pan, vat, or tank in which the partial
separation of a mixture is made due to difference in
density. The cperation may be continuous or batch., The
separation may be solids from liquid or gas, liquid from
liquid, liquid from gas.

A reactor used to convert two compounds to two different
compounds, such as are used in suifur plants and hydrogen
plantS.

A liquid stream taken from any one of the intermediate
plates of a bubble tower.

A device used to perform further distillation on a liquid
stream from any one of the plates of a bubble tower,
usually by the .use of steam, )

A fractionating tower tray which is perforated so that the
vapor emerges vertically through the tray, making no turns.
Some sieve trays are designed with no exit weirs. _Sieve
trays with perforation 1/8-inch and 3/16-inch dizmeter
have overall efficiencies equal toc, or approximately

10 percent higher than, those of bubble trays.

A lubricant feeder which permits the oil to pass visibly,
drop by drop, through a section of a glass tube so that
its rate of supply may be observed.

Distillation of crude oil to remove light fractions only.
Alsc known as topping.

A term loosely used to denote odds and ends of oil produced
in the plant, which must be rerun or further processed in
order to make them suitable for use. Also called slop oil.

Containing sulfur compounds such as hydrogen sulfide, as

in sour gas or sour crude oil. Sour crude oil is defined

as having more than 0,5% (wt) of total sulfur,

A fractionating tower with an overhead stream and & bottoms
stream only.
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STABILIZATION

STABILIZED GASOLINE

STABILIZER
STANDARD PRESSURE

STEAM

STEAM DISTILLATION

STRAIGHT=-RUN PRODUCT

STRAPPING

STRIPPING

)

STUFFING BOX
SULFIDE

SURGE

SWEET

The process of separating light gases from petroleum or
casoline, thus leaving the liquid stable in the sense that
it can be handled or stared with less liability to crhange

in composition.

Gasoline from which '"wild" or low-boilting hydrocarbons
(which have high vapor pressure} have been removed by
stabilization.

A distillation process which removes light ends from
petroleum liguids, generally butanes, from naphthas.

Pressure under which the mercury barometer stands at 760 mm,
or 30 inches {egquivalent to approximately 14.7 psi).

1. Water in the vapor state. 2., To remove the last
traces of naphtha from a bed of filter clay or activated
earth by the injection of steam into the fileer.

A distillation in which vaparization of the volatile
constituents is effected at a lower temperature by intro-
duction of steam directly into the charge. Steam used

in this maaner is termed open steam,

A product produced by the primary distillation of crude oil.

The procedure whereby storage tanks are strapped (measured)
on their outside with steel measuring tapes, and the measure-
ments used to calculate the volumetric capacity of the tank
for given increments in its height. Deductions are made

for plates and interior fittings to determine the actual

volume of the tank.

Removal of the lightest fractions from a mixture. The
process is usually carried out by passing the hot liquid
from a flash drum or tower into a stripping vessel-or
section (stripper), through which open steam or inert gas
is passed toc remove the more volatile components of the

cut.

A device affording the passage and the lengthwise and rotary
motion of a piston rod, shaft, or some similar moving piece
while maintaining a fluid-tight joint about the moving part.

Any of the compounds resulting from the combination of
sulfur ions (S =) with metallic or other positive ions,

or organic radicals.

An upheaval of fluid in a system frequently causing a
carryover of liquid through the vapor lines. )

Containing little sulfur or sulfur compounds, such as
hydrogen sulfides and mercaptans.
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TAIL GAS

TAIL GAS. TREATING

TAR

TEMPERATURE

TOPPED CRUDE
TOPPING

TOWER

TRANSFER LINE

TRAP
TREATIHG

TUBE BUNDLE

TURNARQUND

UNDECANE

VACUUM DISTILLATION

T
Suifurous gases unreacted in sulfur recovery process,

Processes which remove the residual sulfur compounds
present in sulfur recovery unit tail gas.

Highly viscous polymerized residue produced in a vacuum
distillation, cracking coils, By-product of the cracking
process.

An arbitrary measurement of the amount of molecular energy
of a body, or the degree of heat possessed by it. It B
should be distinguished from heat itself. Heat is a form
of energy; temperature is a measurement of its intensity.

Residual crude oil obtained in topping plant.

See Skimming

A vertical vessel in which petroleum is distilled, or gases
are absorbed, etc.

A pipe through which materiaj being processed flows from
one piece of equipment to another, Generally, the pipeline
carrying the heated stock from the furnace to & tower or
reaction vessel,

A device or piece of equipment for separating one phase
from another, as liquid from a gas or water from steam,

A process In which petroleum is contacted with chemicals
to improve product quality. )

A group of fixed, parallel tubes, such as is used in a
heat exchanger; includes the tube headers with the tubes,
baffles, and spacer rods. .

A maincenance operation in which a refinery or process
unit 15 shut down and repaired.

U
Colorless liquid paraffinic hydrecarbon, Ly Hoyp s specific
gravity, 0.745; beiling point, 195.8 C (38A.h ﬁeg. F.);
melting point, 26,5 C (79.7 F.)

v

Separation of crude oil by distillation at pressures

-below atmospheric,

Siho-1os”

285



VALENCE The combining power of an element, as exhibited by the
number of atomic weights of hydrogen with which one atomic
weight of the element will combine. Certain atoms are
capable of combining with others in different proportions;
they are said to have a number of valences, or combining

factors,
VAPOR PRESSURE Pressure exerted by a liquid at a given temperature in a
- closed vessel in the absence of air or other compounds,
VAPQR RECOVERY A system used to collect hydrocarbon vapors from vents
and relief devices for reuse in the refinery,
VIRGIN STOCK See Straight Run
VISCOSITY A measure of resistance to flow, often determined by the

time for liquid to pass through standard orifice.

W

WASH In petroleum refining, to cleanse or purify by intimate
contact with water or chemicals, (See also ''scrubbing’;
specific washes under alphabetical listing.)

WEEP HOLE A small hole in the bubble plate which serves to drain
liquid from the plate when the column is not in use.

WEIR A wall or partition for maintaining a level of liquid;
used in bubble trays and reboilers.

WET GAS Fuel gas containing condensable hydrocarbon vapors.
Y -~
YIELD The amount of a desired product or products obtained in a

given process, expressed as a percentage of the feedstock,
There are many yialds, each af which should be specifically
defined when used.
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AQCR
BALT

BAT or
BATEA

BCT
BMP
BCDq
BPCT
BSEW
BTU
CAA
CAA3110
CFR

. COD
- CWA

cwaTHO
EPA

FCe
LAER

ABBREVIATIONS

Air Qua??:y Control Regions
Best Aveilable Control Technology

Best Available Technology Economically Achievable

Best Conventicnal Technology

Best Management Practices

Five~day Biological Oxkdation.Demand

Best Available Contrel Technology

Bottom Sediment and Water

British Thermal Unit .

Clean Air Act

Section 110 of the Llean Air Act

Code of Federal Register

Chémical Oxygen Demand

Clean Water Act

Section 110 of the Clean Water Act

United States Environmental Protection Agency
Fluid Catatytiec Cracking Unit |

Lowest Achievable Emission Rate

Liquefied Petroleum Gas

Micrograms Per Cubic Meter

National Ambient Air Quality Standards
National Poitlutant Discharge Elimination System
New Source Performance Standard

Public Owned Treatment Works

Prevention of Significant Deterioration

State |mplementation Plan

Spill Prevention Control and Countermeasure Plan

Tetraethyl Lead
Total Suspended Solids
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EXAMPLES OF GAS PLANTS

A. Saturated Gas Plant for Handling Off- Gas From Crude Unit, Reformer, Efc.

_ i-C
- - 4
s Cy C,- - Cs -
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Lo Le. 55 &
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' 4
Tower C6 C5 S 34 4
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to PR '
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Splitter . ¢
B. Unsaturated Gas Plant (From Catalytic Cracker, Coker, Ftc.)
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1.2 GENERAL DESCRIPTION
1.2.1 The Alkylation Process

Alkylation it the reaction in which an olefin is combined with a reactive paraffin to form a
compound with an alky radical as follows:

CH2=CH-CHp-CHj + CH3-CH-CH3 CH3-CH-CH-CH-CH»-CHj
) CHj3 CH3 H;
Butene | Isobutane 2, 3, dimcthylhexane
CH,
CII3—CH=CH-CH3 + CH3-CH-CH; CH3-CLCHy-CH-CH3
. CH; CH; CH
Buiene 2 1scbutane 2, 2, 4 trimethylpentane
CH3-CB=CH; + CH; - CH-CH;3 CH3-CH-CH-CH3<CH3
CH> CH; CBH;
Propylene Isobutane _ 2, 3 dimethypentane
CH; CHj;
CH3-C—CHj 4 CHj - CH-CH; ' - CH3C-CH,-CH-CH4
' CH; CHs CH;
fsobutylene Iscbutane 2, 2, 4 iimethylpentane
(Isu-oétane}
VASHARE DICONSOLBALKTWALNLIALE REVISION- | -5/31/56 PAGE 22 COF 82
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CH;

CH3-CH-C-CH3 4 CHj3-CH-CH3 CH;3-C-CH»-CH-CH>-CH3

~ CH3 CH; - Cll; CHz
Amylenc Isobutane 2, 2, 4 trimethythexane
(i-Pentanc)

.Buu:nc 2 isomerizes in the presence of HF acid to also form 22,4 trimethyipentane (iso-octane),
but the primary product is 2,3,4 trimethylpentane.

Propylene forms primarily 2,3 dimethylpentane phux 2,4 dimethyipentane. A ﬁyﬂrogm transfer
ade reaction causes some propane to be formed from propylene and isobutylene from isobutane
ieading to formation of some 22,4 trime:hyipent_ane.

Since the alkylation takes place in the presence of 2 strongly acidic catatyst such as HF acid, it is
! necessary to choose.mx:tion conditions which favor alkylstion rather than polymerization, since
acidic catalyst will also promwte polymerization of olefins. Low reactor ternperatures, an excess
of isobutane, and sufficient contact time with the Gltalyst are all required to maximize alkylaIe

yxeld and quality and minimize polymer formation.

Olefin feed and make-up 1sobutane are introduced into the reactor together with a large excess of
recycle isobutane. The reactor effluent is fractionated to separate the excess izobutane which is to
be recycled to the reactor. The alkylate product is taken from the bottom of the isastripper, and
to control alkylate vapor pressure on the bottams out of the isostripper, excess normal butane is
withdrawn as a sidecut. Normaily the alkylate from the isostripper bottoms is sent to the Alkyiate
Stablizer for further fractionation to an even lower alkylate vapor pressure product. In some

. cases in may be necessary to send isostripper bottoms directly to storage as a finished product,
but usually this is not the case. To avoid a buildup of propane in the recycle iscbutane, a skp
stream of recycle i charged to the depropanizer, the propane removed to the depropanizer's

VASHAREDACONSOLEALKYIMANUIALS REVISICON- 1 5/21/95 PAGE 23 OF 82
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overhead stream, and the prapane-free isobutane i3 returned to the recycle system in the
depropanizer's bottoms stream, Pro pane produced in this fashion containg dissolved HF acid
which is removed in 2n "HF Stnpper by taking ad‘vamagc of the fact that HF acid gencrally
leves a fractionator with the overhead product. Both butsne and propanc are treated with
Alumina and KOH to cnsure teutrality.

Any water introduced into the unit will accumnﬂatcmthesystmnHF acid as will the products of
side reactions and reactions with sulfur and nicrogen compounds, A skip stream of sysiem acid is
withdrawn, purified by fractionation in the HF regenerator, and returned to the system. The
impurities are removed from the bottom of the Tegenerator as acid soluble oil or polymers.

The saturated butane from the Sanrate Gas Plan is normaly sentt to the Deisobutanizer (DIB) to
separats into a relatively pure 1C4 producs for feed to the Alkylation ynit and i3 lined up to the
reactors. In the event that the DIB is shutdown for what ever reason, the saturated butane can be
sent directly to alky unit's reactors

1.2.2 Prooéss Specifications
1 - Design Basis

This unit is designed to process 30,000 BPSD of unsaturared feed and a sulficient quaniity
of saturate feed to balance iscbutane demand. Four basic product streams are to be
produced:

a LPG grade propane liquid

C3 can have several uses for the refinery needs. It can be vaporized to fue]
or sold as LPG, The hydrocracker and hydrotreater can els0 use propane

in their vaporization Operations,

b. Normal butane Gquid containing not more than 1.0 niol percent isobutane

and not more than 5.0 mot percent pentanes and heavier,

VAEHAREDICONSOLEWLICYMANLALS REVISION- 1.5:31/96 PAGE 24 OF 62
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c. SevenpodeVPmotoraﬂ:ylatc(withamadoctaneta:gdof%)isund
for gasoline blending and is produced as isostripper bottoms.

d. Four to five pound RVP alkylate is to be used for blending of reformutated
gasoline and is produced from the normat seven-pountd RVP {(isostripper
bottomns) alkylate in the stabilizer.

VS HAREDGONBOLEAL KT WANUAL S REVISION- 1 -5/31/98 PAGE 25 OF 62
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VISBREAKING

PROCESS DESCRIPTION

When petroleum hydrocarbons are exposed to
high temperatures and held at high tempera-
tures, these oils tend to physically change into
lighter oils having different properties from the
original material.

This phengr:xmnon, called visbreaking or therm-
al cracking, occurs without the use of a catalyst.

When the large molecules of hydrocarbon con-
tained in the heavy oil break up into smaller
. molecules, they do so in a predictable pattern
giving predictable yields of light gas, naphtha,
distillate, and gas oil and the remaining materi-
al is called residuum or residual product.

Since paraffinic molecules break up easier than
aromatic molecules, the heavy residuum does
not crack as easily as the original material or,
said another way, this material becomes more
refractory. Similarly, the heavy gas cils pro-
duced become more refractory. Similarly the
distillates produced, which may or may not be
recycled, become more refractory.

When the lighter molecules are formed, their
chemical makeup requires a higher percentage
of hydrogen in the molecule. This is obtained at
the expense of the heavy oil which becomes un-
saturated (olefinic) in nature. Because of this
hydrogen deficit, many of the lighter molecules
are also olefinic.

The olefinic molecules exhibit unique properties

when compared to virgin materials such as are
obtained from the crude unit. Most pronounced
are the qualities of instability and incompati-
bility. Qlefins are unstable in the presence of
air and tend to react to form gum and similar
undesirable products. The visbreaker naphtha
formed is treated and protected with inhibitors.
The problem is less pronounced in residuum
where coler and gum need not be rigorously
controlled. Incompatibility can occur when
highly cracked materials are mixed with virgin
materials where a change in apparent solvent
ability causes deposits of heavy material to form
in the cil. The chemistry of the proper mixtures
should not concern the operator except to the
extent that any change in basic blending
schemes must be checked with supervision
before use.

Both aromatic and olefinic molecules will be
heavier in gravity than the paraffinic molecules
of the same boiling range. This will become
apparent when comparing virgin distillates
- i . - | B

4 tnermel cracacr.

When the large molecules are changed to
lighter molecules by visbreaking, the amount of
molecules changed varies with the temperature
and with the time the oil is held at the tempera-
ture. The amount of molecules changed is

. called the conversion and the conversion is

stated in weight percent. Changes in severity
and conversion will be discussed in more detail
later. In order to subject the heavy oil to these
conditions, a heater is required. The tempera-
ture of the heater is controlled at the -outlet.
This temperature is called the transfer tem-
perature. The transfer temperature is the
critical temperature to establish the degree of
cracking. '

"When subjecting the oil to visbreaking condi-

tion, the heat enters the oil through the heater
tube walls. It has been found by experience that
the amount of heat entering must be limited or
immediate severe cracking will take place form-
ing coke (carbon) on the inside of the heater
tube. This limitation results in a limit on the
conversion obtainable from once through (sin-
gle pass) operation.

From the heater transfer, the oil flows to the
flash fractionator flash zones. Products from the
fractionator are a gas oil sidecut from the gas oil
pan which is stripped of light ends in the strip-
per before being sent to a hydrocracking unit.
Gas and naphtha are produced overhead and
are condensed in the receiver from which the
gas goes to the fuel gas system for recovery of
this material and the naphtha goes to flash
fractionator reflux with the net product going
to a hydrocracking unit.

In many respects the fractionator will act
quite similarly to a crude unit. It will differ in
heat input as cutlined above. It will also differ
in the amount of gas make. »

The flash tower bottoms is sent to the vacuum
tower for further recovery of gas oils to be
charged to a hydrocracking unit.

This unit will also differ in the degree to which
coke will tend to form in all sections of the hot
black cil circuit. To the end of controlling this
effect, a quench stream is provided.

Further process description would be confusing
at this point because of the interdependent na-
ture of the unit. The startup procedure and the
operating procedure discussion will make the
nature of the process more apparent. If some
point is not clear at first, set it aside for consid-

eration later.
S -153
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DESCRIPTION OF THE FLEXICOKING PROCESS

A simplified flow diagram of the FLEXICOKING process is presented
in Figure A-1. As shown on the figure, the process consists of a fluid bed
reactor, a Ttgquid product scrubber on top of the reactor, a heater vessel
where circulating coke from the reactor is heated by gas and hot coke from

the gasifier, a gasifier vessel, a heater overhead gas cooling system, and
a fines remgval system.,

Residuum feed at_500 ta_700°F is injected inta the coker reactar
where it is thermally cracked, typical Iy at 950 to 1000°F, to T TUTT range
of vapor prodicts and a coke product which is deposited on the fluidized
coke particies. The sensible t, heat of vaporization, and endothermic
_heat of cracking of t v_%“e.a’; rovid At f

L from the heater. Cracked vapor products are quenched in the scrubber
vessel. The heavier fractions are condensed in the scrubber and, if desir-
ed, may be recycled back to the coking reactor. The 1fghter fractions

pro into ional Fractianatar where
gy are split into the desired cut ranges for further downstream procegse
Jng.

Reacter coke is circulated to the heater vessel whers it is heat-
ed by coke and gas from the gasifier and partially devolatilized, yielding
a small amount of light hydrocarbon gas and residual coke. A circulating
coke stream §s sent from the heater to the gasifier where it is reacted at
an elevated temperature (1500-1800°F) with air and steam to form a2 mixture
of Has CO, No, CO», HaO, and HpS, which also contains a small quantity of
C0S.” The gasifief product gas: referred to as coke gas, plus entrained
coke particles are returned ta the heater and are cooled by cald coke from
mwe a partion of the reactor heat requirsment. A return

stream of coke sent from the gasifier to the heater provides the remainder
of the heat raquirament.

The hot coke gas leavi ng the heater is used to generats high
pressure steam befare passing through the tertiary cyclones for remaval of
entrained ccke particles. The remafning coke fines are removed in a ven-
turi scrubber after an additional stage of cooling. The solids fres coke
gas is then sent ts a gas cleamup unit for removal of the Has,

For cemparisan, a simplified flow di agram of a FLUID COKING unit
is presented in Figure A-2.

Sda- 157



1a/ajg
AY
(11201 G =]
Jd{j)5ep
»
184gnisg
Anuap, .
ALN|G —ap= Teuld Ag
mo_uEncmG.
weelg .
dnuvsny of
D o) ﬂ:h__wuw v

NV TdMOTd DNINOOINT TS aITdWIS
-y anBiy

J033vsy

(

oqQmss

Jojeuolidety O]

SHS- 159



Figure A-2
SIMPLIFIED FLUID COKING FLOW PLAN

Reactor Products
I To Fractionator

Recycie .1 Scrubber

Flue Gas Ta CO
Boiler And Cleanup

- ¥

Resid Feed
Coka

Steam
Air Blower
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Comments: Exact choice and sequence of towers and physical location in refinery are

major variables.

SATURATED GAS PLANT
CHD Naphtha Cs Ce - : :
Fuel Gas S —
Pretreater -
Naphtha e :
and  Yomms | ‘ PR —
Lghter e e
= —
Crude C3/Cy Cq's i
htha . 3
Tower kg Cg's n-Ca
. . ) Propane- Deiso~
Depentanizer Debutanizer Deethanizer Bytane butanizer
Splitter
UNSATURATED GAS PLANT
Compressors C2/C2" . Cy. Hy to tual Cycy”
Main
Overhead Cq epropanizer
Accum.
B v Y
Ga:'c:mu . Ho0 clel
" Reflux
lighter UnstabBzed Light
..... Gasoline Gasoline
FCC Main Gasoline
Fractionater Splitter
o’ N o Heavy
¥ 7 Gasoline

Deethanizer-Absorber
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TECHNICAL ORIENTATION PROGRAM

Section 11 -C
GLOSSARY OF PETROLEUM REFINERY TERMINQLOGY

ADSORBER. Refnery apparatus in which gases
or vapors .are brought into inRmate contact
with a heavy absorbiag fluid iz which the vapors
are to be retained. The absorbing fluid is
sprayed {rom the top of the tower, 30 that its
extended surface perrm:ts the gases Or Vapors
to enter into the sclutior more quickly. The
tower 18 usually packec or containd bell cap
plates.

The disappearing of one substance
inlc apother subs@nce o such a way that the
absorbed or disappearing body loses its prin.
cipal identifyiag characteristics, while the
abserhing or receiving substance is but slightly
modified in 1ts phys:cai aspects. The dis-
appearance of the absorbed substance nay be
due to a2 simple mixing of itz molecules with the
molecules of the absorting body, or to the dis-
sociation of its molecules into ions, ©r to a
partial or compicte decompontdI e its moie-
cules,

ACID NUMBER: The mumber of milligrams of
pomassiurn hydroxide necessary to neutralise
ope gram of oil.

ACID TAR: The argamc reaidue in acid sludge.
Acid siudge 18 composed af acid and tar.

ACID TREATMENT: Asp oil-refining process in
which unfinisned petrojeum products, such aa
gascline, kerosene. dienel {fuel, and lubricatng
stocks, are contacled with aulfuric acid to im-
prove color, odor, and other properties,

éCCUMULATQB . A vessel for the temperary

storage of a gas or liguad: usually used for
coilecting sufficicat materal fora coptinuous
charge to some refining procees.

ACCURAGCY. The differenc e berween the "true”
value and the ullimate averuge of a greal pum-
ber of test samples. See Precasion.

ADDITIVE. A chemucal which in small quantities
18 maxed with a petroleum product to improve
the quality by conferring special properfies upon
1t, .

ADDRESS: In computer terminology, the address
designates the location ib compuler storage as

ALICYCLIC HYDROCARBONS:

which a nurmber or instruction may be found.

ADIABATIC: A process whick takes place with-
out loss or gain of heat {rom its surroundings.

ADSORPTION Adhesion of extremely thin layers
of gases or ligquids to solics. -

AERIAI CABLE: A multi-conductor or gToups
of singie conductor cables supported in rings on
a suspension messenger wire; also cable in
conduit or chanbels mounted on pipe supports.

AFTERBURNING: The combustional carbon
monoxide and/or entrained coke particles in
the dilute phase of the coker burner or cat
regenerator,

AGCLOMERATION: The sticking together of two
or more small particles of fluid coke ta form
one larger particle in the coker reactar,

AGITATOR: Taok with cone boitom used for
mixang two liquids by blowing with air; also
by a romating paddle in a kettle.

AIR BLOWING: Forcing compressed air through
s tank Or line to rmx, treal, or purge the
comtents,

AlE. FIN COOLERS: + radiator like device to
cool or condenae hot fluids, The tubes con-
taining the hot fluid have fins iastened to the
outside suriace over which air is blown by
motor driven fans.

Hydrocarbons
whick contain a Ting of carbon atoms but do pot
belong to the arocmatic series,

ALIPHATIC HYDROCARBONS: Hydrocarbons of
open-chain #trucrure such as ethanc. butane,
octane, butene, acetylene.

ALKYLATE. A product obtained in the alkylation
process.
ALKYLATION; Formation ef complex saturated

molecuies by direct union of a saturated and an
unsaturated moiecuie.

In the Patroirum Ilndustry, the union of
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ciefimes and parefiins: parugulaziy the urics
of butvienes and isocbutane uming suliuric acid
or hydrogen fluorice as & catalive: o progucs
a mater:a. of high oftane nurmoer knows as
aikylate,

ANHYDROUS - Free of watrr,

of crystailization,

eepeciaily water

ANILINE PQINT Arn:line point 15 the mimmum

equiiidrium solution temperafure for equal
volumes of aniline and sampie. This tesi oo
petroleum products 15 io delerminie their ars-
matic content. The lower the agiline point
runs the higher aromatic content ar aramaticity
of the product.

Mixed Aniline poin: 1 the rrumimur equili-
brium solulicn temperature of & mxiure of
2 volumes aniline. one volumne of samiie 3RS
one volume of n-heptane of specified purity.

ANTI-KNOCK VALUZ : A term usec desc riptively
A3 3 IYhOnym jor octane nurnder.

ANTI.LUMINOS!TY PIiLOT: A flare pilot light
enciosed in a tube to hide the pilot Same.

ANTIOXIDANT {INEI2ITOR): Chemical usec o
prevent gum formalior in gasoline during
starl.ge.

AP! CRAVITY: An arbitrary scale expres#sing
the gravity or density of liguic petrc.ewr pro-
ducts. The measurnng scale 1s calidratec :n
terms of "AP!" degreee. It ma- be calewlatsd
1n terms of the following formuia.

141.5

deg. APL = ap.gr.6CG/aC F -131.5

APPROPRIATION: Approved funds for installat-
ion of capital project.

APPROPRILATION PENIING A_rumualation of
permmiss:Die charges 2gainst 2 cazital projec:
prior t& 20 approwziaie approvil.

Crganic compsuncs whidh conta:n
benzene Tings.

APOMATIC:
one or m™mi¢

AROMATIC INDEX: A figure caiculated from
Viscosity anc gravity oT cther imsprctions on
gas c:ir. I is inz:matzve of the aromatc
copien: arc cracking value ¢l tae oil.

AROMATIC TAR: The boattome product produced
Trom lhecmmal cracking a cataivlin craskers
{ractionator bottoms.

ASH: The inarganic residue rernaining after
igret:orn of compusiiiie substinTes, determ:ned
by definite preecribec metnods.

ASPE'LT: The black te dark-brou= sclid or
senu-solid cermentiticus malterlial which grac-
ually liqguefies whes heated. iz which the pre-
dominating constituents are bitumens, all of
whichk occur in the solid or sem:i-sohd form in
nature or are obtained bv refining petroieurm,
or which are combinations of the biturnens
mentianed with one another or wath petroieum

“

or gerivatives thersof.

ASP:! T BAST CRUDE; A crude whose rasidue
“r th= stil! afler {-actional distillation is COMmM-~
posed predominantly of substances generally
o¢Turrinyg in natura. aspnalts, such as naphe«
tnalenc anc s:m:lar hexvy hydrocarbons.

ASPHALTENEE The components of the birumen
in peiToieums, petroleuwm products, asphalt
cerments, and zelic native hitumens, which
are soluble :n carpon disulfide but inseluble

in paraffin maphthas.

ASPIRATOR: An apparatus which serves to
create a partial vacuum through pumping a jet
of water, stearn or some other fluid or gas.
pas: ar orifize opening out of the chamber in
wnich the vacuurs i8 to pe producec.

ASSOCIATED TACILITIES: Used ir budget work,
Tre cctimated vailue of facilities which are
being usec by a project, but for which ipvest-
ment is not required since they are already
available.

ASTNM DISTILLATICN: A laboratory distillation
procedure zcccrding 1o the method prescribed
by the American Society for Testing Materials.

ASTM END POINT: Ths end pointofa distillation
at dete rrraned by a method prescribed by the
American Society for Testing Materials.
Actualiy, this is the maximum temperature
shown on the therrnometer at the end of the
diatillation.

ASTM OCTANE NUMBER: The octane number
ootaned on a specially designed ASTM engine.
1t correlatrs weil with the performance of a
fue. i1r ar engine operating at high speeds.

ATMOSPETRIC TOWER OB STILL: A distillation
unil Tur ai almosDherll pressure.

ATOMIZ ENERGY: Energy released in nuclear
reactzons. Of particular interest is the

energy releasec when a neulron splits an
atemr'e nucleus into smaller pieces (fission)

or when two nuclei are joined together under
miliions of degrees of heat (fusion).

" Atornie emergy' is really a popular misnomer.
1t is more cerrectiy called "'nuclear energy”.

ATTAPULGUS CLAY : A name given o the
Tulers Ezrtn produced by the Atapulgus
Minerxls and Chermacal Corporation,
Philadelpkia, Pa. This iz an impure form
of atumumiurs: silicale processed {from a
haturally occurring clay knowrn a6 Attapulgite.

ATTRITION: The spiitting of a large coke or

cataiyst pzrticls into two Oor Tore smaller
pariicles. :

AUDIGAGE: A non-destructive test instrument
used to determine rmetal pipe and vessel wall
thicknesscs. The iastrument measures
thickness irom one side only by using witra-
sonic resonance to determir the fundamental
{requency of the material being measured.
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AUTOCODER: A systern cf! coding designed ‘.
make 1t casier to write programs for the IBM
705 Electtomic Dats Processing Machine,

AUTOMATIC LOGGER: A device which automat-

ically recores data 1n digitai form from meas-
uring 1ostruments at preset intervals or upon
demand.

AUTOMATION: The maxirmum ecanomic mech-
an:ication of an operatiorn including ita planming
mater:als handling, process adjustments, and
quality ¢antrol -

A rather general term that peopie associate
with instruments or machines that do 2 aumber
of different jobs continually and in seguence at
the command of a2 process, human, or com-
puter -

The rmodesn-day engneer's ward far the state
of being automatic. Once referred to machine
toal applications, bu! has come to mean the

act or method of maxing 3 manufacturing - or
processing - systern partially or fully auto-
matic.

AUTO-RETRIGERATION: The cooling of a gas
resuiling trorm a recuclion in its pressure.
AUXILIARY BURNER: A gas Or oil burner used
lo start a process operation which is aormally

exothermic and seif-sustaiming.

AVIATION GASOLINE: A specially blended grade
of gasoline suitable for use in aircraft eagines.
These fucls have high anti-knock ratangs, high
stability, a high overall veiatility and low
freezing points.

AXEOTROPE: A liquid mixture which shows a
maxiumuwm or a rmunimumn boiling peint. It
irnplies the abilizty of one liquid to be mixed
with another or several liquids to form a
mixture which boils at a coastant temperature
either higher or lower than that of the

components.

BACKX END VOLAT,IITY - Represents the high
boiling portacn of gasoline and affects normal
rerniag of an internal combustion engine.

BACKING UP RING: A backing in the formofa
ring generaily used in the welding of piping.

BACK PRESSURE: Iz an interzal combustion
engine, the exnaust pressure which acts
adversely against the piston, causing power
loss. It results {rorm obstructions in the
exhaust line or from insufficieatly large piping
for the exhaust gas, -

BACK WELD:
connection.

BAFFLE: A partal restriction. generaliva
piate located to change the direcnon, gude the
flow, or promote mixing within the equipment
1o which it 1s installed.

Ant-vortex Safile iz used to stop the swirling
of 2 liquid leaving a vessel thru a downflow
notzle to prevent sucking gas out of the vesael.

A weld deposited to seal a acrewed

BAFFLT PLATE: A guide piate locatedin a

tanx or other vessal which changes the
direction of [low of a stream of gas or {luid.

BALANCED DRAFT:

and forced draft.

Combination of induced

BAROMETRIC CONDENSER: A piece of squip-
ment gdesigned to use a cold medium, such as

water, to condense hol vapars and in so doing
producs 2 vacuum.

BARRITI . The standard uzit of liquid volume
for oi! in the Petroleum lndustry, egual te
42 U.S5. gallons or 34.97 Imp. gallons.

BASE STOCK: The primary petroleum fraction
{rom which a specification product is blended.

BATCH PROCESS - Any process in which the
charge 13 added intermitteatly in definite
peortions or batches; as opposed to continuocus
process. -

BAUME GRAVITY: An arbitrary scale for meas-
umng the denmty of liquida, the unit.being
called the "Baume degres', The scale bears
an inverse ratic to the apecific gravity scale
as is indicated in the formula:

Be = —22__ _ j30

sp. gT.
which perrnits the translation of Baume gravity
to spezific gravity, When floated in pure
water, the Baurme hydrometer indicates 10 Be.
while the specific gravity scale reads 1. 000,
The modulus 140 serves for liquids lighter than
water, while a modulus of 145 is employed for
liquids heavier than water. Formerly, the
Baume scale was used extensively for the
measurerncat of petroleurn oils. but in 1922 it
was supplasted by the API scale. The Baume
scaie is sdll employed by the Buresu of
Standards, however, for the measurement af
all liguids except eils.

BELICAP: An inverted cup with slofted or
notched sides, mounted on a tray which pro-
vides a means of counterflowing an upward
mowving vapor through the bellcap with a down
{flowang liquid moving across the tray.

BENZENE: A six carbon, unsaturated ring
compound which is the basic compound &
the aromatic series.

BLANK: Circular steel plate inserted between
two {anges of 2 pipe, for isolating plant or
egu:pment.

BLANK TLANGE: Circular steel plate for clos-
1ng the open end of a flanged pipe.

BLEEDER VALVE: A smalil valve installed in
conjunciion with a biock valve to deterrmune if
the block valve is holding tightly. Also used
to reiease pressure on a closed liquid system.

BLEEZDING: Process of drawing small amounts
of liquia, particulariy water, {rom a vessel,

tank or line.

BLEND:-

Any rruxtyre made up {or special
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purpose. the produrts ~l a reflinery aic uaud. -~
blenced (o #uit markel requ:rements

B! CNDING: The process of muxing two o7 I.ofe
cils having d:fferent properties. Certacs
classes of lubricating oils are blendec tc
viscosily, Whereas naphthas mav be biendec
to meet a distillation speciiication such as
end point.

BLOCKED OPERATION: The use af a singie
process unil alternalely in more tharn one
cperatioh.

BLOCK VALVE: Valve used for isolation ad

equiprnent.

ALOOM: The color of ail by refiectes light when
This diffe=s from 1ts color by sTansrmlted Liphi
Manyv petroleurn oils which appear red o7
yeliow by transmitted l1ght exiibil & bive oF
green bioom.

BLOWBACK: A system in wnich a fluid or gas
18 continuously bled through an instrument
meter's lead lines inte the main line, Ths
prevents the maun line [luid from comng ir
contact with the fneter bogdy thus eliminaling
vaporizaton, ¢Orrosicn or PINEEITE.

BLOW-BY: Anv lezkage of gas pas? the piston
of ar engine 1if called biow -by.

BLOWCASE: A closed vessel with product iniet
acc dascharge lines ané ar air comnection. In
the manually operated type, air is adrmurted
through the kand regulation of the valve to force
the liquid out through the discharge pipe. 1In
the automatic type, the flow of air 1s conirclled
by.a flgat valve ins:de the vessel.

BLOWDOWN: The process of remeving hydro-
carbor. lLiguids or vapore {rom a process unit
on ap emarge=cy cor srheduied shuldowr bas:s
through spec:al pip:ng ans drums p-ovided icr
this purpose,

ELOWDOWN DP.UM: (See Drums - Biowdown).

2. OWER: Egu:: ment for moving large volurnes
of gases agains: low pressurc heads.

BLOWING: Agitasing 3 lagu:d by the introguc:i:on
of tompressed air near the boltom of the tank
or comtainer. ln '"blowing bright”. the air
asE16ts 1n carrying off meoiature, whe reas it
acié treating, the ait 15 uses anlv for agitation.

BOAT LINES: Largec pipe l:nes used to loac ¢r-
unioad tanxers.

BCeT PROSZ: A Boat-sraped sample removes
irom a welded jo:nt for examinahion of the
v-elding.

BOR. A calibrateG weight on the end of a meas-
uring tape used for gaugiag tanks.

BOILING RANGE: The range of temperarure.
©sually determm:ned at azmospheric pressure in
standard laboratory apparatus, over which the
boiling or disrillation of an oil commences,

ver iy

BOTTOM STEAM:

BRASS:

prucerds. anc finishes.

ROOM: A log or other floating device to retard
or catch vii floating on water.

BOOSTEE COMPREISSCOR; A compressor used in
the high pressure hydrogenanion ef petroleurn

to raime the pressure of the gas which is being
returmed to the un:t.

BOTTLENECK REMOVAL: An increase in cap-

acity of a unit by Teplacement or changes toO
the limiting eguipment.

BOTTOMS: Any residue remaining in a distillat-
Jon unit after the highest boiling material to be
distiliec naé been removed. The beiling range
of the bottormns will depend on the {eedstock to
the stilland the amount of material distilled off.
{Tower bottoms).

Also higuic which collects in the bottom of tanks.

{Tank bottoms}.

BOTTOM SETTLING AND WATER {(B.S, LW, ):
The sedimen: which accumulates when oil 18
slaced. consisting of arm dil-water ermulsen with
solid material, Trs 15 tested in the laboratory

by use of a centrifuge.

The steamn admitted to the
bottom of a sGll to prevent overhealing and
decomposition of the heavier components, or
to increase the vield of light hydrocarbous.

Alloy compeund mainly of copper and
einc, ’

BREAKDOWN TIME: The time required for

gasoline to begin absorbing oxygen in the bomb
stability test ior gasoline. This test is intend-
ed as as indicatior of gasoline stabilizy in Seld

SIOTAEE.

BRESTHING: The rnovement of gas (oil vapors
or air} in and out of the vent lines of storage
tanks due tu alternate heating and cooling.

BEITTLE FRACTURE: Brittle {racture is a8
extremely rapid failure occurring without
significan: defo=manon. The failure is char-
acterized by a brittle, crystalline appearance
of the mets which might result from low tamp-
erature, czrbon precipitation, impreper a1Tess
relief, etc, .

BROMINE NUMBER: The number of grams of
brommune absoroec by 100 grams of il indicates

the "percentage of double bonds" in the material.
The content of olefins can thus be calculated if
their type and mojecular weignt are koown,

BROMNZE: Alioy composed mainiy af coppe? and
un, ' ’

BUBBLE TOWER: A {ractionahing tower 80 con-
structed that the vapors rising pass up through
layers of condensate on 2 series of plates. The
vaper passes {rom one plate to the next above by
bubbling under one or More caps and out through
the liquid on the plate. Tre less volatile port-
jons of vapor condenae in bu’ bling through the
liguid on the plate, and overflow to the next ”
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lower plate, and ultirmateiy back into the r--
boiler. Fracuonation 13 theredby effected.

DUDGET ADDITION,; A funds request for a capi-

tal project in addition to those included in the
approved yearly Plant & Equipment Budget.

BUDCET ITEM: A singie proposal ina Plant bk
Equipment Budget for new equipment.

BULINGQGSE: The rounded lower edge of a hang-
ing jurnace wall or baifle.

The knocking against the walls of a
stzll which occurs during the violent boiling of
a petroleum preduct containing water.

BUNKER FUEL: A fuc:i oil used on steamships.

BURNING LINE: System for collecting waste gas
to be usec for fuel.

BUS: A terminating bar, cabie, or strucraral
shaped clectrical conguctor from which smaliler
taps are taken for distribution. Usually of
solid copper, flat shaped, /4" thick, mountad
on porcela:n insulators. lron pipe mize {IPS)
copper tube is used on high voltages.

BUTTON UP: To co the final mechanical work
necessary to make a piece of equipment ready
for operation.

BUTT WELD: A weld in a joint between two
members lying approximately in the same
plane.

BUTYL RUBBER: Synthetic rubber made bylow-
temnperafure palymerization of isabutylenes
containing 3 trace of isoprene. Butyl rubber
has a very lugh resistance to 3ir penetration.

BY-PASSED DEBUTANIZER BOTTOMS: The ..
C4 - 270%F fracuon of thermal debutamizer
bottoms whizh is not acid treated because it
does not have a large adverse effect an the
deposii-quality of gasoline. Debutamzer
botloms were Once acid treated without gpiit-
ting until 1t was shown to be econamical to
fraczonate them 1nto a 275°4 fraction and then
to acid treat oaly the heavy fraction.

BY-PASS VALVE: A valve by which the flow of
Auid or gas 1n a sysiem mmay be directed past
some part of the system through which it
normally flows, e.g. an oil filter in a lubrca-
Son system,

CALENDAR DAY : A divisor regularly used to
iocicale equipment size OT requirement volume.
1n an ordipary year there are 365 calendar days,
and io 3 lesp year there are 366 calendar days.

CAPACITY FACTOR (See aiso SERVICE FACTOR):

A measure of the voiume efficiency cof an opera.
tion. generally expreased as the ratio of the
actual calendar day throughput to the deron-
strated strearn day capaciry of a unit,

CARBON BURNING RATE: The pounds per bour

of carben burned off of cracking-catalyst in the
regenerator.

CARBONIZABLE SUBSTANCES: The chemically
unsatarated components of paraffin and white

oil.

CARBON RESIDUE (CONRADSON CARBON]: The

percentage by weaght of coke formed by evapor-
ating an oil to dryness under standard laborat-
ory conditions; a measure of the coke -forming

tendency of the oil.

CARBOXYLIC ACID: Organic acids containing

the unsvalent radical COOH.

CARCINOGEN: A chemical compound er group of
compounds which can cause canceT in human
beings.

CARRY-OVER: S$rnall amounts of heavier liquids

:n the top product frorm a scparator ar {raction-
anng plate.

CAR SEALED VALVE: A car sealed valve is one
which is tagges, mormaliy with a railroad type
car scal in the open or closed position for safety
or operating reascns, The seai is only broken
under controlled conditions or in emergencies.

CASCADE CONTROLS: A scries arrangement of

control instruments where the controlled output
of one instrument (calied the governing instru-

‘Tment) sets the set point of 3 second instrument -
known as the slave.

CATALYST: A substance which promotes chem.
ical reacticn between other substances without

itsel! necesmarilv undergoing chemical change.

CATALYST ACTIVITY: In catalytic cracking,
catalyst activaty is expressed as the percent
gasoline yield produced by contaczag the cata-
lyst wath 2 standard gas oil undecr standard
conditions, '

ln hvdroferming, catalyst activity is deter-
rmned by divading feed rate required to give a
given octar: mumier whes using the catalyst to
be rated by the fe.d rate required to obtain the
same octanc with the standard catalyst,

CATALYST HOLD-UP: The amount of catalyst
heid 11 any vessel of 2 catalytic cracking umt.

CATALYST SELECTIVITY: In catalytic cracking.

2 measure of the tendency of the catalyst to
produce gas and carbon.

ln hydroforming. a term Ior the yield of Cg+
mydroformate reported as percent C5+ at a
given octane level. :

CATALYTIC CARBON: In catalytic cracking, the

carbon produced as a product of the cracking
reaction. The amouni varies with the severily
of the cracking comditions.

CATALYTIC CRACKING. The refinery process

whereby the breaking up of the melecules aof
Beavier oil {ractions i1nto lighter fracticns (esp.
gasoline) is accamplished by use of heat and
enrth catalysts, which influeace the rate and
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CENTISTOKE :

Section

directon of the decompos:Z0ohn of the heavier
fracuocns. At Bayway, the calalys: usecd 13 3
_finely divided (20-80 microns diarmeter) ore
which flows like a liqusd through the reaz-tan
anc regeneration cycies.

CATHODIC PROTECTION: The use of an im-
pressed direct current o preventi or reduce
corrosion of a metal 1n an sleztrolyte

CAUSTIC WASH: The process in which a petroi-
eurr, diatilate ts treated wilh an aqueous solu-
tzon of sodiurm hydroxsde to remove acidic
components usually those contributing teo poor
odor or poor stabilily,

A device uscd O secure a tight

“Cr CLAMP:
flanged joint.

CENTIPOISE: A unit of absociute ~acosity. It
is onec one-hundredth of the force whuich will
move one sq. crm. of piane surface with a spe=d
of ons cm. per cecond reialve IC another
paraliel plane surface {rom whick 1t 18 separT-
atec by a layer of liquic one cm. thuck.

A unit of kmnematic viscosity. It
18 egqual to cenfpoises dividec by specilie
gTavity.

CENTRALIZED CONTROL HOUSE: & buiiding
used o house inatruments used to operate
widely scattered equipment or 16 operate morTe
than one process un:i.

CENTRIFUGE: A wharling ipatrumesnt for separ-
ating bquds of different specific gravity by use
of centrifugal force.

CETANE NUMBER: A means of expressing the
1gmitior quality of a diesel fuel. It is dehned
as an: is numerically equal to the perceniage
by voivme of cetane N a TTLIXTUTE ef cetane anc
rmethyi naphthaien= which has the same igniticn
quai:tv when used in an engine as the fuel under
test.

CFra - DOM:ITTEE: An abbreviation for Co-
operal e Fuel Research Cormymartiee, #pORSOTC
by Society of Automotive Engineers, Amesican
Petroieum Institute, Nationa! Bureau af Stasc-
aras and the Ausomotve Manufacturers’
Aassociation.

TR OCTANE NUMBER: The octane numbe?
optained On a special engine developec by the
Co-operative Fuei Renearch to deterrmne the
knock tendency of gasolines. It correlates
well with the periormance of an engine operat-
ing at low speecr. '

CHARACTERIZATION FACTOR: Vanagnens in
physical properties with change 1n character of

the stock are quantitat:vely expresscd by reans
of the UOP characterization factor, defined as
the ratio of the cube root of the molal average
boiling pmint, in degrees Rankine {deg R =

dea F + 460), two the specific gravity as 60/60F;

1/3
SITB\ !
»p 8T
This {actor rang::s from 12.5 for purely

i.e.:

CLAD LINING:

-

parafi:inic slocks to 10. 0 for the highly cracked
aromatic stocks. Also calied Watson factor.

~“uECK VALVE: Device for pe rmitdng flow in
one & rechtion only in 3 pipe.

CHEMICAL CLEANING: The use of various sel-
vents and chemicals (undiluted acids, etc.) to
dissalve scale and other {ouling depositz {rom
the surfaces of refinery processing equipment.

CHIMNEY CAPS; Obround or rectangular rimers
and caps designed 1o operate the same as 3 bell

cap.

CHROMATOGRAPHY : (See Gas Chromatography).

CHROME MOLY STEEL: Alloy steet used for
cracking piant heate: tubes containing 4 to 3%
chromium and /2 % moiybdenum.

CIECULAR CHART: A recording instrument
ehart used to record vanables. They are B,
10" and 12" in diameter with a maxirmurm usable
time aof 7 days. ’

CIRCULATING ACID; Sulfuric acid used as

catalyst in Aikylation Process.

A homogeneously bonded oT
resiatance welded metallic liner applied to 2
base metal such as carbon steel, Usedin
lines, vessels, and heat exchanger eqguiprnent
te reduce corrosion and increase service life.

GCLARIFIED OIL: The heavy oil which has been
taker {rorm the bortom of the fractianator in a
eatalytic cracking process, and which has bad
the residual catalyst removed in 3 mechanical
thickener. )

CLCUD POINT: The cloud paint of a petroieurmn oilis
the temperature at which paraffic wax or other
solid substances begin ta crystallize out oT
separate from solutor when the oil is chilled
under prescrTibed conditions.

CODIMER: The product {ormed by the union of
two dissimilar olefin molecult s, In the
petroleurn refinery, it is generally understood
to Tesn the product of polymerizationr of im0~
butylerne with one of the two normal butylenes.
The producgt can he nydrogenated and thus con-
verted into a blending agent {(hydrocodimer).

A double bulkhead, particularly
in tankers, between the tanks and sections of
the vessal! not serving as tankage space. Its
purpose is to isclate the oil cargo {rom the
engine and boiler space, or irom the holds used
{for other carge. It assures that there will be
no leakage into the adjacent compartments.

COFFERDAM:

COIL AND DRUM: A thermal cracking opcration
in which the cracking stock is preheated in a
fired tube cgil and is discharged into a drum of
large volume where the major part of the crack-
ing reaction takes place sdiabatically.

= . A thermal cracking operationin
which the ent:Te reaction is carried cut in a
{ired ube.
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COKE PETROLZUM The residue obtained orn
’ the dry caslall ;L.q- 6r batsh distillaton of
petroieum. l:a compos:tion 1s usually the
foilowang:

S% to 1 0% volatile and ccmbustible matter.
Q.3% ash;

90% to 95% Lxec carden.
0.5% to 1% of sulfur.

On account of ita purity, thus coke is much
used in metallurgical proczsses and in making
battery carbons and carbon pencils,

COKING: 1. The procesa of distilling a petrol-
cum product to dryness. The petrolieum
contains complex hydrocac-bons that break down
in structure during d:stillation., With the prod-
ucuon of lighter distillabie hydrocarbons, an
appreciable deposit of cardon or coke is formed
ang sectles to the bottom of the still,

2. The undesirable build:ng up of coke or
carbon depos:ils on refinery equipment.

COLD WORK PERIMIT: A permut issued by
responsibic FProcess representatves permait-
ting mechamcal work of a non-sparking nature
10 3 gives process area. the equipment used
i the periormance of the work should be norm-
ally of an expiosion-proof or non-sparking
nature.

COLOR: The coior of an oil 15 expresaed ag a
“pumber' whichk 15 determined by matching the
light transmurtied through a predetermined
depth of oil with that same light transrmtted
through numbered anc standardired glasses or
disks.

COLORIMETZER: An instrumect for deterrnining
the coior of petroleum oils as compared to 3
fixed standard.

The resistance cof oil to
ageing efc.

COLOR STABILITY
discoloration due to light,

LOMBINATION FRACTIONATOR: A eatalytic
crackxing unit fractiomator designed to fraction-
ate products {rom the cracking operation as
well a» reduced crude from the atmosphernic
pipe stills,

COMPOUNDED QOIL: A petrcieumn oil ta which
bas been added some ammal or vegetable 0.11
or other chermn:cal substance.

COMPRESSION PRESSURE: The pressure of the
gAses In the cyiinder at the end of the com-
pression stroke.

COMPERISSION RATIO: The ratio of the cylinder
volume at the botiom of the stroke to the
cylinder volume a? the top of the stroke 15 called
the compressien ratic.

COMPREISSOR: A pump which draws in air or
other gases, compresses 1t and discharges it at
a hagher pressure.

COMPUTERS: Cornputers are devices {or caleu-
lation. There are two broad classificatioas:
The Analog class i:n which problems are

Geiined bv setting ud circuitry which closely
represents the pnysical process and the
Lhigitwal clase in which information representing
the prezems 38 submitted to the computer in

cdigital form.

COMPUTER ROUTINE: An ordered series of
coded inatructioas designed for use in an auto-
matic cormputer for the purposc of solving &
specific type of probiem.

CONDENSATE: When vapor is liquefied by coal-
ing, the resuliing liguid is known as condensate.

CONDENSER: A picce of equipment designed to
cool and condense a vapor, by rmeans of remov-
ing heat {rom the vapor with a colder mediurn

such as water.

CONDENSER, REFLUX : A condenser which
constantly condenses the vapors and returns
thern to the original diatlling {lask or into the
lower levels of 2 {ractonatnng tower.

CONE ROQOF : A fixed, cone-shaped tank roof
with the high point :n the center to lhed rain

waler, -

CONRADSON CARBON: A carbon residue test
originated by Dr., Pontus H. Conradson. In
the test, oil is burned in iasufficient air. The
resicdue formed 19 supposed to be an indication
of the burning quality of the oil,

CONSOLE: A campact arrangement af miniature
control instrumenta about a2 deak, :

CONTACT COLUMN: A vertical tube or tower
containing perforated plates, nozzles or pack-
ing rmaterials, so that mixing or contacting -
may be obtained between substances paasing
through the coclurnn.

CONTINGENCY ITEM: An unforeseen capital
itemn not covered by a Budget Project and cost-
ing ac more than $25, 000.

CONTINUOUS ANALYZER: A plant type analytical
instrument which continuously momtors a2 refin-
cry stream for specific qual:.es or components.

CONTINUOUS PROCESS: Any process in which
the charge is added and the products are with-
drawn continuously; as opposed to the batch
process,

CONTROL CHART: A time series plot of data
with upper and lower control limits within which

QpeTation is desired.

Types of control responases

CONTROL MODES:
Prinocipal

obtaimable 1n autormanic controllers.
conirol modes are:

PROPORTIONAL :
Where the poaition of the final control rlernrnl
(usualiy a Control Valve) is proportional ta the
apsolute value af the measured variable.

RESET: :
Where the rate of travel of the final control
elemnent depends on the amount of deviation of
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the controlled variabie from the desired viiue.

RATE ACTION:
Whe re the rate of travel of the final contrc.
element 18 proportional lo the rate of change
of the controlled vanable.

CONTROL POINT: The stable or equilibrium
value ol @ variable such as lemperature o>
pressure wiuch is being regulated by an auto-
matic contraoller (as distinguished {rom the
Set Point).

VALVE: A variable operung valve
used with a control instrument to mantain
a predetermined flow rate. pressure.
temperature or level. Yalve car be
electric. electrohyéraulic. or ar operatec.

CONVECTION: The transier of heat by the
T onstant movement of a gas or hgue about the
heat producing body Or fource of heal.

s;ONVECTION BANK (OR SECTION): That por-
fion of 4 furnace in which tare tupes receive
heat {rom the hot {lue gases pramarily By
convechion.

CONVENTIONAL INSTRUMENT PANEL: A steel
mounting board for the cider type circular
ipstrurmnents which are mountec 1n rows.

CONVERSION: In general, the ratio of gasoline
produced to the ieed stock 1D a cTacking pro-
cess. The term has severai specific definit-
jons for specific circumstances.

COOLER: A heat exchanger in which hot gaso-
line or heavier stocks paraes through pipes
irnmersed In cool water 11 order to lower the
temperature.

COPOLYMER: Mixed polymers or heteropoly-.
mces, products of poiymenzation of two or
more substances al the same hime 10 yield a
product which 18 POl 3 ruUXQIreE of th= separate
polymers but a compiex with propertizs differ-
ent {rc-n each polyme?r zlone.

COPPER NUMBER: The number of milligrames
of mercaptar sulfur presen: in 100 mililiters
of a light petroleum oil when determined by i
standard laboratory procedure.

COPPER TREATING PROCESS: Sweetemng
process for distallate oils using copper chioride
as catalyst for the oxidation of mercaptans by
air.

CORRELATION wﬁi.xﬁl_':- A mathematical

technique icr developiBf 2 functional relanen-
ship between two or mare variables - aiso
termed regression analysis.

COSTS ACCOUNTING: Variable cost is one which
changes directly with the level of production.

Semi-variable coxts also Vary with the prod-
ucBon rate but not in direct proportion {include
labor, supervision and other labor}.

Fixed costs, as the pame implies, have little

RACKING COILS:

relaborship tc lhe production rate {include
depreciation, laxes and 1nzurance costs).

cOTTRZ.LL PRECIP:TA TOER: A prece of equip-
Tment cesigned {or the removal of dusts and
masts {rom gases by the appircation of high
voltage elecirmic current.

COUNTER-CURRENT FLOW: The flow of two

strearmns of material 1n opposite directions

through a4 process or piece of =gquipment, for
the tranafer of material or heat.

Petroleumn distillate
which has been "cracked” or broken up into
lighter products.

CRACKED GASES ™ Gases resulting from the

breaking down OT ¢ racking of petroleum oils.
CRACKED GASOLINE. Casoline obtained by
cracming heavier o:ils.

CRACKED KAPHTHa A naphtha which has been
produced 1n 2 cracking process. )
CRACKING: The process of breaking up heavy
petroleumn products into lighter products such
as gas ané gasohine. This may be accomptished
by the use of heal and pressure oT catalysts.

Refinery equipment employ-
ing heat and pressure jor the cracking of
petroleum acils- nis consists essestially of
coils rumning through a furnace, followed by
{ractonating eguipment.

CRACKIN L1IQUID PHASE: Decomposing
petroieum oils in 3 liguid state. :

bl VER!ITY. The degree af change
produced 1n a petroleum product when it is
subjected to 3 cracking process. There are
various specific defaitions for cracking
severity.
CRACKING STOCK: Petroleum disdllates suitable
Tor use 10 the cracking process. ‘

CROW uEET. The apex or highest yooi plates

on a cone roof tank.

CRUDE ASSAY: True boiling point distillation and
other guality :nformafion on a srude.

CRUDE PETROLEUM {CRUDE OIL}: A maturally

occurring maxture, consisnng predorninantly of
hydrocarbons. and of sulfur, mitrogen and axy-
gen demivauves of hydrocarbons, which is
removec {rom the earth in 3 liquid state.

A metal enclosure bousing electric
circuit componests which is compietely '
wired as a umt.

CUMENE: lsopropyl benzene, CgHsCH {CHa)2.
CUT; A segregated paTior fractnon of the total

overhead or sidestream in a distallation procesa.

CUT-BACK PRODUCTS: Petroleum or tar resi-
guals which have beeR fluxed ar diluted, each
with its own or similar distillates.

The boiling temperature division

Although

LSetween cuts of a crude or base stock.
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actuailv sigrifving & temperafure on the true
poiling point curve, it i3 usually determur- i
by averaging the ASTM distllation 95% temp-
erature of the lower boiling cut and the 5%
temperature of the higher beoiling cut.

CYCLE GAS OIL: Cracked gas oil which is
returned to a cracking unit,

CYCLE STOCK; Product taken {irom some later
stage of a process anc recharged to the pro-
cess al sorme carlier stage.

CYZILE TIME: The time any one raacior re-
mains in naphtha reforming service berwecn
regenerationa.

CYCLIZATION: The {formation of a closed ring
from a straight chain compound.

CYCLONE SEPARATOR: A conical vessel pro-
viced with a tangential iniet for a gas stream
containing powdered solids or liquid dropiets
and normally provided with a centrally located
overhead gas-withdrawal line. Powdered
sclids or coagulated liquids are separated by
centrifugal {orce and pass downwardly along
the incline {comical) to a centrally located out-
let. Usually a leg, known as a dip leg, is
connected to the solids outlet and, in catalytic
¢tacking. serves to convey the solids back to
the dense- phase powdrred catalyst.

DEACTIVATION: The reductionin catalyst
activity by coat:ag of catalyst particles by
coataminants, or a change in the physical
structure of the catalyst particles.

DEAD END SYSTEM: A dead end system is ope
woich terrmunates at its destimation. This is
in contrast o a circulatiag loop type system.

DEADMAN: A large block of concrete or piliag
"usea to anchor guy wires for supperung
dermcks, stacks, etc.

DEAD ZONE: The largest change in a controlled
vimabic whichCAazsesno response in the
controller.

DEASPHALTING : A process for removing
asphall {rom reduced crude which utilizce the
widely different sciubilities of non-asphaltic
compounds in liguic propane,

DESUTANIZER; A {ractionating uait which ias
designed to remove butane {rom a mixture of
petroleumn hydrocarbons.

DE.ETHANIZER: A fracHonating columa for
the remova. of ethane and fixed gases froma
ruxrure of heavier hydrocarbons,

DE.FLOREZ HOLE: A /8" or 5/32" dia. hole
amilled 1n paping which is in corrosive service
and which operates at high temperatres or is
inaccessible for normal inspection measure-
ments. The hole is normally drilled to a
depth of 1/312" less than the retining wall
thickness lirmut of the pipe or fittiag. Leakage

of product thru a de Flore: hole indlcates thine
ning of the pipe or Lrting to 2 point below the
retiring thickness, thus issuing & warning that
renewals should be made. Safety (de Fiorex)
drilling is sometimes referred to xa "'wood-
pecking”.

DEFOAMER: A substance which is added to
liquid to prevent or retard the formation of

foam.

DEGRADATION: The reduction in the quality of
a product ar process stock. Degradation may
be due to heat, oxidation, bad biending, etc.

DEHYDROGENATION: A refining process which
converts the lower hydrocarboms - ethane ., -
propane and the butanes - into the correspand-
ing olefines - ethylene, propylene and the
butenes.

DEMAND METER: A demand meterisa device
which integrates voltage and current of a
circuit and indicates (or records) the wattage
of the circuit, The demand featurs is 2 hand
which stavs at the mghest point on the scale
since the last setling. s

DEMULSIFY; To break downar ernulsion.
DENSE PHASE BED: The normal bed of fluidised
solids particlens.

DEPENTANIZER: A fracticnating column for the
rernoval of pentanes and lighter fractons {rom

a mixture of hydrocarbons.

DEPHLEGMATOR: An apparatus in which heavy
liquid impurities are separated {from an oil in
the vapor state by condensation of the impurities
Specifically, the partaf a distilling appararus
in which 2 partial separation of the vapors is
effected by means of contact with coid, retallic

dizpbragms.

DEPROPANIZER: A fractionating tower which is
designed to rermove propane from a mixture of
light petroleum hydrocarbons.

DERIVATIIVE MODE

Acnonj.

ESALTING: Removal of calcium chloride
iCnClz). magnesium chloride {(MgC1l2). and
sodiwm chioride (NaCl) {rom crude oiia, by
chemical and/or elsctrical methods,

(See Control Mode - Rate

DESIGN D - A written state-
ment describing the basis for a design of the
project under consideration. ’

DESULFURIZATION: A process which removes
sultur or. sulfur compounds from petroleum
products, usually by menns of a chermical
traatment.

DESUPERHEATER: A device to inject liguid into

a superbeated vapor to reduce the amount of
superheat.

DETERGENT: A material which in water solution
s suriace active and can be used for cleansing.

SHb-1T7g
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DETONATION: In a gascline cngine, detonation

is the ~knock” which results because the anti-
kmock guality of the gasoline 1% insuificient to
satisfy the compuUSLIOn reguirements ai the
engine.

. DEW POINT: The temperature at which s vapor

L oncenscsE.

DIAPHRAGM MOTOR QPERATOR: The actuator
oi a preumatic contro. vaive, where the valve
stem position is determined by the ppeumatic
pressure applied to 3 diaphragm oppesed by a
spring.

DIATOMACEQOUS EARTH: A mineral deposit of
neariy pure armorphous si1lica which represcnts
the inorganic residues {rom o:llions of aguanc
singie-celled algae or ilowericss plaats.

DIESEL INDEX: This is a figure calculated from
the amuline point and specific graviry wnich is
used as '3 rough indicaiion of the igrition guality
of 3 diescl furi.

DIETHANOLAMINE (DEA}: A liquid vrgamc

chemical naving the formula C4H] 1Oz N. used
to remove H;S {rom a gas stream.

DIFFERENTIAL CONVERTER: A differential
pressure transmuller of the force-balance

[mercuryless) type.

DIFFERENTIAL PRESSURE FLOW METER: A
meter which measures the pressare drop acTress
an orifice restriction which 1n turn is calibrated
into the rate of flow of a liquid or gas.

DIFFERENTIAL PRESSURE TRANSMITTER: A
device wnich measures differenfial pressures
up te about 400" Hz2O and converts these signails
to pneumatic analogs which can bz transmitted
to remote reading instruments. Used with
orifice flow meters anc leve] instruments.

DIFF FRENTIAL PESSSURE INSTRUMENTS:
inatruments used io rneasuce the pressure droc
acroEs cower trays, filters, strainers, etc.

DILUTE PEASE: The durt clouc above a flundized
bed of sol @ prrticles.

DIMER: A polymer consisiing of (wo molecuies

of hydrocarcons. usuaily referring to tsoburtyle=<.

DIP: A designation for para di-isobuty! phenol.
DIPLEG: The vertica! pipe {rom the bottom af a

cyclone separaior which acts as a cyclone seal
and transporis catalyst {rom the cyclone. The
dipleg 15 used to overcome the pressurc drop
across the cyclone and prevents DYpassing.

DIP LEC SEAL: Dip leg seal refers to the method
of secaling the outiel ai & caialvs: g:p leg to
preven: pasiage of vapors up the dip leg. It
rmay consist of 3 seal pol. =rickle valve, or
s} .ash plate immersed in the dease bed.

DIPS: A designauon [or di-i1sobutyl pheneol sulhde.

1P SEAL: A continuously flowing water seal 1n
the base of a flare to seal the flare stack against
flashbacks. Can also be accamplished with

external seal drum.
SHt> — 16
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DISENGAGING DEUM: (See Drum - Disengaging].

DISF, AND DOUSHNUT: A type of {rachionating
tower construs ion consisting of alternating
discs and ooughnut-shaped piates which provides
a separation of light and heavy materialas., Disc
and doughnut sections are used where fouling is &
problem and precise fractionation can be
racrificed.

DISMANTLING REPORT: A repart prepared by
the Lieid engineers to advise the Accounting
Department that a piece of equipment has been
removed from service and should be rernoved
from the plan! account records.

DISPLACEMENT METER: (See Positive

Drsplacement Meter)

Il . A product of distillation o¥ the
fluic condensed from the vapor driven off in the
st1ll. Gasoline, kerosene and light lubrication
oils are examplies of distillates,

DISTILLATION LOSS: 1n a standard laberatory

distillation, the difierence between the volume
of liquid emiginally introduced into the cistilling
flask and the surm of the residue and the conden-
sate recoverecC. .

DOCTOR SOLUTION: A soiution used to {ree
gasoline, kerosene anc other petroieum prod-
ucts {rom suifur, 1t is usuvaliy an aikaline
salution of sodium plumbite and free sultur.

DOCTOR TEST: A test for the presence in light
distillates of a paracular type of sulfur com-
pound knowr as mercaptans is wiich the sampie
is shaker with a solution of sodium plumbite. |
If perceptible quantities of mercaptans are
present, the solution becomes brown and the
sampie i "sour'.

DOCTOR TREATING PROCESS: A sweetening

process {or petroleum dastillater employing
plumbite solution and free sulfur whe reby
mercaptans are oxidized to disullides.

toggle is the preferred term.

DOG: A toggle.

DOLOMITE: A double salt of calcium carbonate
and magnesium carbonate containing 40 to 50%
of magnesium carbonate.

DOSIMETER: An instrument used to determine
the radiation dose a perscn has received.

DOWNCOMER: A means of conveying liquid {rom
one tray to the next below in a bubble-tray
column,

DOWHNFELOW: A term applied to process equip-

ment 1n which the stream of gas or liquid flows
from the top to the bottorn. ARn example 15 the
soaking drum used in connection with some
cracking processes in which hot stock enters at
the top and leaves {rom the botiom.

d/P CELL: {See Differential Converter)

DRAWOEFE PAN (OR TRAY): A vollecting Lray or
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pin in a {racticnating towe:s 10 perm:t with-

grawing 2 Quid during the {ractionaticn process.

PRUM: A cylindrical meta. container used for
the shipment or storage o petrojeum products
undcr pressure.

BLOWDOWN :
A vessel used 1o confine diacharges of laguid
and vapor material {rom aftendant process
equpment. The discharges usually occur
during the time when the normal process

" system 18 in some wavy intecrupted such aa
during emergencies,

CONDENSABLE BLOWDOWN:
A condensable blowdown drum is one equipped
with direct water cooling to condense the high
boiling portion of safety valve discharges such
as those cn fusnace cutlet saiety valves.

DISENGAGING:
A vessel used for rapid separation of gas from
laigwd or laguic {rom liquud. Distinguishecd
irom "settles” by low residence tme required
for separation.. Sometimes referred to as a
knockout drum.

FLASH:
A primary separator which permits the @il
strearn to vaperize or “flash''. The operating
pressure of the drurn is below that of the
incoming cil. thus allowing the Lighter fract-
ions of the oil to vaporize and separate from
the heavy constituents.

PUMP QUT:
A drum used to collect liguds pumped {rom an
operaling umt a5 ab eMergency or normal
operaling procedure.

WATER DISENGAGING:
A water chsengaging drum is usecd to perrmit
separation of light hydrocarbona (resulting
irom exchanger leakage, coatrol valve failure,
direct contact. ete. ) from coeling water, The
drum may be vented to the azmosphere or the
flarec anc¢ the water passes to the sewer,

RY GAS: Very low boiling, petroleum hydro-
carbon gas which has been passed through the
gas absorption equiprment. The moieculas will
contain one 10 three carbon atorms. It ia dis-
Ragwehed from "wet' gas which contains light
naphtha.

DUPLEX PUMP: Reciprocating pump having two
working cylinde-s side by side.

ECONOMIZER: Eguipment for utilieing the
waste heat of Que gases for preheating boiler
feed water,

EFFLUCNT.

process.

The ocutgoing product in a refinery

EJECTOR [JET PUMP}: Device utilizing the
flow of a gas or vapour to create a suctHion or
vacuum,

.,

ENTRAINMENT: 1.

- C 11

ELCOMETER: Anr instT™ument used to measure

the thickness of paint and other protective
coatings.

ELEZTIRIC PRECIPITATOR: A device utilizing

high voltage dairect current which energizes a
network of wires or plate which attract solid
particles thereby removing them from a stream
af gas.

ELUTRIATION: To purify by washing or purging
with & suitable mediumn, In petroieum refining,
the removal af finer catalyst particles by 2
strexmn of gas under comtrolled conditions,

EMULSITY: To rmake a stable dispersion of any
ligqwid 10 another liquid or gas in liquid in which
it is not soluble - specifically, here, of 0il in
water or of water in 0il. This may be done by
rmechanical agitation with the addition of an
emnulaifying agent 1o sRbilize the emuision.

ENDOTHERMIC: Relating to or designating a
reaction which occurs with the consumption of
heat se that heat must be supplied {rom an
external source if it iz toc continue. ,_ . -

END POINT: In the ASTM distillation of petroi-
eurn producta, the snd point is the maximum
temperature observed on the distillation thermo-
meter and is usually reached after the botiom
of the flask has become dry.

ENGINELRING FLOW PILAN:- A line drawing

showing process piping and mechanical inform-
ation which are used as a basis for preparation
of detailed piping and equipment drawings.

ENGLER DISTIILATION: A standard test for
determining the volatility characteristics of a
gasoline by measuring the per cent distilled at
various specified temperatures.

ENNISCOPE : A 'dielectric constant meter adapted
{or use as in automatic water drawofl for tanks,

Relatively non-vnlatile
coptaminatng material which is carried overy
by the "overhead" elfluent from a fra. tionating
column, absorber, or a reaction vesrel. This
rmay be as liguid droplets or finely divided
solids suspended ina gas, a vapor, or ina
discrete ligquid.

Z. That portion of a finely divided catalyst
which escapes the cyclones of a reactor or
regenerator of cracking units., See Carry-over,

ENTRAINMENT SEPARATOR: A layer of metal
mesh instalied in the vaper space af towers and
drums to separate entrained liquid from the
vapor.

ESTIMATE :

BUDGET:
A cost estimate of vsually + 10% accuracy for
use in preparation of the yearly Plant and Equip-
ment Budget.

STUDY: :
A quick order of magnitude cost estimate {for use

SHE—1E |



4N

12 ' Sectuion Il - C

in the veey early ostages of Budget preparatiorn.

QEﬂN[ﬂVE:
A cost sstamate of *+ 1D0% ac:curacy for usc ir
preparation of our Ippropriation request.

EXCHANGER: A piece of equipment designec t<
transier heat between two flowing mediums o:
difierant temperatures.

EXOTHERMIC: Relating o or designating a
remction wnich occurs with the evolution of
heat, so that the termperature of the reachng

, bodies is raised.

EXPANDED METAL: A perforated and defarmec
atze) sheet used to support insulation material
applied in plasac forr=. It is umed a® 3 wire
iath and as suck has openings of a diamond
shape with the lower edges of the diarmonc
{orrmed such that they woulc support plastic
material which finally hardens. The material
being supported oT resnforced carn also bea
refractory. This is used especially in lines
and vessels subjected to eroaion by fluid
catalvst.

EXPANSION JOINT: A jeint employed in the
connection ol long lines of pipe. whizh cent21ns
a bellows or telescope-like section 1o abeorb
the thrust or stress causec by lipear expanaion
or contraction of the line due to changes of

temperature oT to accidental forces.

EXPLOSION SEAM: A gk roof searn purposely
made weaker than other roof scama to contrel
direction of throw and minimize damage o 3
tank in the even: of an explosion.

EXPLOSIVE LIMITS: The lumits of peycentage
composi1Bon af mixtures of gases and air within
which an explosion takes piace wher the mixture
is ignited. The iower lmit of flarmmmability
corresponds to the mrunimurs. znoant of combuet-
ibie gas anc the upper lim:t tc the MAXIDIET
armoun: ol combuatible gas capabie of conferTing
Oammability oo the ymuxtu re.

EXPLC. N7 X STRITPER: Ar cxplosivity
stmpoer i8 & Stripping vesae! normally emplov-
ing steam used to decrease the explosivity of
fuei oil components.

EXTRACTICON: The process of separating i
material by means of a solvent into a fraction
soluble in the solvent (extracl) and an insoichie
residue,

EXTREME -PRESSURE LUBRICANTS: A term
applied te lubrncanng oils or greases which
contain a substance or sunsiances specifically
introduced to prevent rmeiai-toe-metal contact
in the operation of nighly loaded gears. In
#>mne cases this is accocmplisned by the suD-
stances reacting with the metal o form a pro-
tective film.

T™MGCUE: Denotes the tendency for 2 metal ta
break under conditions af repeated cyclis
stressing below the ultimate tensile strength.

SHB 18X

FAT Q'L- Thr extract drawn {rom the abscrber.

L. learn Gii.

s, BATY.- The portion of a closed loop control

ryatern that brings back information about the
candition unoer conirol for comparison to the
targel vaiue, The tunction o! an automatic
coniroller of beingk abie to detect & change ins
controlied variable which it {the controller) has

caused.

FEED STOCK: Crude oil or a fraction thereof

to be charged 1o any process equipment.

FEEZDER CLBLE: An electric cable carrying

the tota, ipad from the generaling source to a
distribution center.

FiLLET WELD: A weldof aporoxirmately triang-

ulaT Crosa-section joeining two surfaces at nght
angies to each other ir a lap joint, tee joint or
cowsner joint.

FILM BADGE: A piece of masked photogTaphic

filmm worn hike a badge by nuclear worhe_rl. It
iz darkenec by nurlear rad:ation, and radistion
exposure can be checked by 1nspecting the Slm.

FILM STRENGTH: The ability of a lubricant to

maintain a f{ilm o separate bearing surfaces

without breaking down and allowing metal -0~
metal contact. The higher the {ilm strength.
the greater icad the lubricant can Support.

FILTER AIDS: Porous, absorbemt materials,

such as fulles's easth, usec to speed up filtrat-
ion by prevesting the filter from clogging.

FINES: The smaller particies in a body of crush-

ec solids. In catalytc cracking, the particle
s1ze of the fines may be from 0 to 20 microns.

FTIRE BANK: A cootinuocus wall of eatth around

a petroleurm mnk to prevent spreading of oil in
case of leakage or fTe.

TIRT POINT: The temperature at which an oil

takes fiTe and burns contizuously when a small
fiarmne is held near to the suriace.

FIRE WALL: A continuous wall of concrete,

brick, or Eieel 10 contain a fre. Alsoc, a wall
installec¢ to protect operators when using safety
qevices,

FISSION: The splitting of an atomic pucleus ioto

two parts accompanied by the releade of a large
amount of radicactivity anc heat. Fission
rezctions occur only with heavy elements such
as urarmurs: and plutazium.

FI¥ED BED: A type of cracking operation in

wnich Che catalyst rema:ins stationary. It is
aormalily regenerated periodically.

FLAME ARRESTOR; Device in gas lines oT tank

vents lo prevent the passage of a flame without
obstruct:ng the flow of gas; uwsually consists of
a metallic grid or gause.

FLARES: A device for disposing of gases by

burmng.
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GROUND FLARE:
A ground flare is a dev:ce for burning ex-_»ss
reiinery gases especially during periods of
emergency in a ground jevel cormbustion zone.
The top of the stacx on a typical installation
would be about 15 {e={ above grade.

ELEYATED FLARE:
A relatively tall flare for burning excess
refinery gases with heights 1a the range aof
100-3Q0 feet.

MULTI-TET FLARE:
A specially designed ground flarc having an
‘appreciably larger combustion tone and mult -
plicity of jets for injection of the gas which
results in essentially complete combustion of
the gas with very little smoke or lurmunosity,

FLASH. CLEVELAND: An open cup tester for
determarung the Qasn point of petroleum
distillates.

FLASH DRUM: (See Drum - Flash)
FLASHING: An operation in whuch a heated body
af o1l unger pressure is suddaniy vaporizxed in

a tower by reducing pressure.

FELASH POINT: The lowest temperature at which
under specified conditions, a petroleum prod-
uct vapormzses rapidly encugh o form above :t»
surizce an air and vapor mixture winch gives a
flash or slight explosioz when ignited by a small

flame.

FLOATING HEAD: That end of the tube bundic in
a heat exchanger or condenser which is not

attached to the outer shell but 18 free to move
with the therrmal expansion of the bundle.

FLOATING ROOF: An o1i storage tank roof
which {loats on the surface of the oil, thereby
eliminating breatiung and evaporalion losses.

FLOODING:

with liquid.

FLUE GAS COQLER: A device used to lower the

tamperature of hot exit Jases {rom a gas ur-
bine or process 'y geperanng staam or heating
snothes fluid or gas stream.

FLUID: A substance wnich flows under the shight-
cst pressure, term includes gases and ligquida.

FLUID CATALYTIC CRACKING: A cracking pro-

cess mamng use of finely powdered catalyst
which when muixec with a moving stream of oil
vapor, assumes many of the properties of a
liqud.

In a {ractionating colurnn, filling up

FLUID COKING: A fiwd sclids process for
thermal cracking of res:idual oils o remove
carbon as coke and yield a liquid product boiling
lower than the foed. The solids are coke

particles.
FLUX: A petroleum stock which iz used to fluid.

13e 8 heavier residual stock #o that the hesavier
stock can be pumped and utilized,

FOAMITE: Mixture of alurmminium sulphate,
podiurrs carbonate anc liquorice, which forms
a stable joam with water, used for blanketing

oil fires.

FOOT VALVE: Check valve at the inlet end of
the sucQoOn pipe at a pump, which enables the
pump to rema:n {ull of liquid when not in oper-

aton. -

FOREBAY: The intake structure on the sucticn
si1de of the water-front salt water pumps which

is equipped with travelling screens to keep
debris out of the salt water system.

FORCED DRAFT: Systerm of forcing air ints &
furnace or heater by a fan. as contrasted with

induced draft,

FQULING: Accumulation of deposits in conden-
scrs. heat-exchangers, etc.

FRACTION: A product of a {ractional distillation
haviag a resiricted boiling range.

FRACTIONATING COLUMN: An apparatus

arranged to separate various {ractions Qf
petroisum by single distillation. the condenser
of "colump'" being tapped off at different
points niong its leagth to separate various
{ractSons in the order of their condensing
temperatures (boiling points}.

FRESH FEED: Crude petroleum or petroleum
distillate which is being fed tc a particular
process unit for the Srat time.

FRONT END VOLATILITY: Represents the low
boiling portios of gasoline and efiects the
starang-up and warming-up of an internal com.
bustion engine.

FUEL GAS: Any gas used for heating.
EL E Used in indicating the

Bunker ''C"” eguivalent cf the fuels on a heating
value basis.

FURNAGE ;

BOX :
Box-shapod fired heater conaisting of one or
two raciant sections and 2 convechon secuon in
the same horicontal plane. Tubes and burners
are hornzontal and furnace is at ground elevation.

CABIN:
Cabin-shaped fixed heater in which t he convect-
ian secton 15 located directly above the radiant
section, Tubes are homzontal and the furnace
15 fiTed either horizontally .or vertically.

PETROCHEM:
A cylindrical fired heater usually consisting of
a radiant ard convection section in a vertical
plane, Tubes and burners are vertical sad
furnace is elevated abave ground.

SELAS:
A cabin type furnace with & large number of

small horizontal gas fired burners w grve

A R et
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CAS

CASKET:

CASOLINE :
GASOLINE POQI.:
GAS TEST:
GAS TURBINE:

CATE VALVE

e e e

accurate temperaturs gracient contral,

Scclbicn i} - C

-

b v¥. Valve in which flow 1s contraoi-
led by a movable plate (dinc¢) set parallei to the

- 1he coemstanation af atomic nucle: to Nchw. 18 used for throttling operations.
iorm a heavier nucleus. 1t is mccompanied by
the releasc of a groat dea. of hsat snergy. - 1. A cleaning device inserted in n pipe

NG: The act of measuriag the height of
ligwc in » tank {for the purpose of calculating
the volume of liquid in the tank.

= .  Pressuyre measured above
atrmospheric pressure.

IROMATOGCRAFPHY : A technique of
nydrocarbon anaiysis invelving separaton af
the vapor hydroczrbon mixrure into its individ-
ual components by means of liquid absarpnon
or solid adsorpticn and descrption.

pressure tight joints between surisces.

S o1 Petroleum distillate with viscoeity
intermediale between kerosenc and lubricating
vil, boiia within the range 400°F to BDOF.

A refined petroleumn naphtha which
by its composition suitable for use as a fuel
in internal combustion engines.

A planzning concept which
considers gasolines of various qualities as one
group {or purposes of blending to meet final
product specifications.

An analysis of air to detect unsafe
concentrations of texac oT expiosive vapoTs.

A driver in which the gases of
combusnion grive 3 turbine which turns the
dmve shaft,

A valve with a slidiag blank
which opens to the complete cross section of
the line, sed lor complete Spening OTF ~Om-
piete shu.aff of the flow of material in p.pes; it
18 not demgned for throtiling or control

purposes.

Thin sheet of material used for making

GRAPHIC PANEL:

GRAPHITE ;

CREASE;

GROUNDING

or tube and forced thru by air pressurc or the
movement of the matsrial in the pipe.

A reverse bend in piping to pro-
vide » trap effect.

An cil-immersed electric
disconnect swi tch. This switch rmust not be
ased for interrupting load. It is used in lieu
of a T type splice, and facilitates testing,

SWITCH:

A steel mounting board for
instruments which presents 2 simplified flow
diagram of the process. The instrument
componeats are located in this diagram at the
same relative positions as are their points of
application in the actual process.

A crystalline form of caThon either
matural or synthetic in Origin. 1t is usedi for
acid proof construciiob a8 pipe liners ar brick-
work.

: Nermally referred to with
respect 10 Bew equipment. lndicates cost of
equipment when starting with no existing
investment. -

A sermi-solig lubricant consisting
epsentially of 2 stabilized mixture of mineral
oil and seap. The properties of the material
depend an the tvpe of soap employed and the
viscosity and other properties of the constiruent
mineral oil.

A perforated plate designed to mix catalyst
with air or vapors aanc whi ch supports the
catalyst dense bed.

Connecting electrical apparatus to
fixtures attached oT inserted into the earth.

Crounding is divided into System Qrounding
where the circnit itnell is grounded and EQulp-

where the actidental comnection
of live currents to the housings, elc., are

carmied to earth roducing the hazard 16 humans.

GAUGING HATCHE: A hinged manhaad on the roof
of a tank which can be opcned 1o use a tape to
measurc the depth of ligqud o7 take a sample of
the matenal in the tank.

GROUT; A concrete mixture made with fine
aggregate to fil in under machinery after align-
ment to provide secure and level bane.

QUM: A rubber-like. sticky depositl, black or
dark brown in coloT. which results {rom the
. oxidation of lubricarng oils in service and from
unstable constifuents in gasoiine which deposit
during storage Or use.

GEIGER COURTER: An clectrical device for
detectang radicacivity by counting jons formed
by the pamsage of radioactive particles.

wG.FIN'": The trade name for a Griscolm-
Russeil pipe in pipe exchanger with exceilent
heat transfer characterisfics in srnail areas
due 1o the installation of firs on the inside pipe.

GUNITE: A trade name fora process which
sprays concreie on a stae] mesh support o line
tanks and drums or to fireprool structures.

GIRBOTCL: A procesa for rer” -ving hydrogen
sulphide, carbon dioxide., agsu. =r other gases
{rom petroieumn jases and liquads.

GUSSET: A steel plate used 25 a brace, most
oizen for small pipe connections 1a larger pipe
or vg.leln when the conneclion 38 subject 10
vibration or mechanical loads. Alsc a bolting
or riveting plale used to vonncct structural steel
membeTs to each other.

5% i B4

1.2ND: Device on a rolating or reciprocating
sbait to prevent leakage of gas or liquid,

QutX



Section 1 - C

BawTs LINT ALING A spectacle-type blaus-
ing aevice WnhICh Cpe rates ilﬂ'nln.":y to a valve
anc elirminates the need for rermoving pipe
flange boits 1o remove OT install 3 line biank.

HaMMER TEST: Methed of locating weakened
seclions of steel equipment by strikong with a
standarc hammer.

HAMMER TESTING: Used by Equipment lnspect-
or to ascestasn the presence of thin sections of
piping. heads and sheils of pressure vessels,
tanks, etc. Itis normally a supplementary
metheod of testing.

HASTINGS FLOW METER:
type of gas Jow meter where the cooling of a
heated filament in the flowing gas siream 13
correlated with gas velocity

T ADER: A common manicld into which a numn-
ber af pipe lines are connscted.

HEADER BOX: Header box refers to an eatire
furnace Nube enc assembiy. Header boxes are
of two types. Bsuuare tYpe, which are equipped
with flat or deflectcr plugs, and sectional type.
which are equapped with return bends.

HEAT BALANCE: Calculation in which the total
of the va=ious quantities of heat entering a sye-
tern are comparec with the total of the variocus
guantuties of heat leavicg the system.

HEAVY ENDS: The h:gher boiling fractios af a
product, especially of gasoiine. The term 15
general, used &iferently by different people.
Heavy ends are {requently of poorer guality
than the praduc:t. The true boiling range of
heavy ends is hugher than the ASTM end point
of the product.

HEZ1; The oil rermaining in a tank after normai
emptying. - '

HELIARC WELDING: An inert-gas metal arc

weiding process using 3 non-consumable eiec-
trode for heat. The arc is shelded by an
ipert gas such as hehum or argon and the filler
metal :a fed by hand. '

s-HEPTANE: The straight chain, seven-carbon
paraffin with an octanc rating of O used as a
refierence fuel ingredient in rmaking motor-fuel
cctane-number tests.

Grating or mesh, fabricated of

ESXSTEL L :
Used

atnp steel formung a hexagooal pattern.

to suppoTt castables :n erosion resistant liners.

May be stainless or carbon ateel and 13 avail-
able in 3/4", 1" and 1-1/4" thucknesses.

HIGH LEVEL ALARM: An instrument device
which wii, acruate an audibie horn and signal
light wher a liguic level has risen above a safe
point it a vessel.

HIGH LINE OR HICH-PRESSURE GAS: Those
gases cormung oif the distillate drums from
cracking operafions at about 100 1b. which jein
the low line gas afler compression as ieed

HOLDDOWN BAR:

A thermal conductivity

HOT TAP:

HYDROCODIMER:

HYDROE OR MING;

15

stock to the gas absorption plan:.

HIGH 1T r Residual fuei - uwsually
taz - which has not been fuxed. 1t 1s usedn
the refinery wherever possibie since it has the
same (acrunlly slightly higher) ETU vaiue as
Bunker "C" fuel and does oot include any com-
ponents saleable a3 distiliates.

T . A {requency distribution presented
in bar graph form.

A bar used in bubble cap
design © hold down a Eroup of caps on a tray.

HOT SPOT: Anareacfa vessel or line wall
appreciably above normmal metal operating
temperature. Usually due to deterioratioh of a
an internal insulating liner which exposes the
line or vessel shell to the temperature of ita
contents.

Welding 3 short piece of pipe 0 3
tanr. drum or anather pipe line while the equip-
ment ia in service. A specially desaigned
machine cuts a hole of the required fize.

HOT WORK PERMIT. Permit 1ssued by an oper-
ator or foreman to allow pericrmance of work
involving heat or sparks such aa weiding, burm-
ing. grimding, and hot rivenng.

A high octane blending agent
resuiting irom the hydragenation of codimer.

EDRQDESQLPEUR.IZA‘HON: The removal of

suiphur irom a Thate rial by the addition of
hydrogen at the proper conditions to form
hydrogen sulphide.

A catalytic treatng process
carried out 1o the presence of hydrogen but at
lower pressure and tempecrafure levels than
bydroforming. This process is a §e! consum-
er of hydrogen. and is used for naphthas, heat-
ing oils and kerosenes in piace of acid trealing.

The catalvoc reforming of
naphtha at elevatac presaurcs and temperatures
in the pre-snce of hydrogen. This process is &
net producer of hydrogen and is used 1n piace of
the rrral reforming. Can be carried out with
fluid or fixed bed catalyst system.

HYDROGENATION: The chemical addition af
hydrogen, using in the presence of a catalyst.

HEYDROGCEN SULPLIDE (HpS): A poisonous gas
produced especially in refining sour wrude.

HYDROSTATIC HEAD: Pressure at the base of 2
stationary column of Jiguid due to the weight of

the laiqud.

HYPOID LUBPICANTS: Types of cxtreme-
pressure lubricants used {or the lubricarion of

hypoid gears.

SHB 185
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IMPINGEMENT AREA: The area where moving
cataiyst particles strike.the metallic surfaces

in A . atalviic racking wmt.

INCREX IENTAL COST: The eatimnated v ust of

running additionai barrels through a unit whach
18 operafling below 1ts capacity.

INDUCED DRAFT: System of creating a presaure
lower than atmospheric ina furnace or heater
by means of 4 fan, so drawing in air. as con-
trasted with [orced drait. -

INDUSTRY STANDARD: A term used to describe

the degree to which marginal equipment 18
inciuded in the design and construction of 3
umit, Sorme chemical and petroleum refimng
:ndustries build plants that are not a¢ conserv-
atively designed from safety. poilution and,
rel:ability stancpoinls as are our units.

INERT BALLS. Aninert material in the shape
oif spheres piaced above ane beiow the catalyst
bec in each reacter to prevent moverment of
the bed.

INERT GAS: A non-combustible gas. Also

cajled nert,

INFRA.RED ANRALYZER: A plantor laboratory
type of compasition analyzer which identified
compounds through their characte ristac
absorptior of infra-red radianon.

INMIRITOR: An additive which will prevent or
Tetard undesirable changes taking place n the
.quality of the producz, or in the condition af
the equipment 1 which the product is used.
Inhibitors Irequently act as anti-oxadants and
corrosion preventives.

INHIBITORS: Substances, the presence of which
in smmal! armounts 1n a petroleumn progduct pre-
vents or retards undesirable chemi cal changes
tak:ng place in the product, OT in the condition
of the equipment i which the product 15 used.

INITIAL BCILING POINT; The temperature a
which the first drop of distllate leaves the
condenser guring a standard ASTM laboratory

distillatior,
]‘,:'.\'A-QE' The height of a liguad in a tank. usually

measured 15 inches with a measuring tape and
bob.

INSTRUMENT FLOW PLAN: A line drawang
wnich shows all of the required instrumentagon
process data {or the des:gn and procurement of
instruments and controls.

INTESRATOR: A device whick continuously
“aotalizes a mezsured variabie such as a f{low.

INTER CONDENSER; A condenser installad
bDetween two process stages.

JNTERCOOLER: A cooling unit placed berween
twao stages of 3 gas compresscr.

INTERLOCK SYSTEM: A sajety system whereby
valve opening 2nc closing sequence is assumed

INTERRUPTING CAPACITY:

by physical or ejectrical means such as:- 2
hydrocarbon block vaive which ¢annot be opened
before an oxygen gas valve is closed.

INTERNAL COMB N An engine in
which the heated gascs for doing work are
developed within the engine as compared, for
example, to a sleam sngine where the heated
vapors are developed by an putside source.

The physical
design of electirical equipment which indicates
the level af short circuit current that can be
interrupted without {reezing or welding of
disconnecting COAntACIE.

INTERSTAGE: The process eguipment between
difierent p-essure stages of 3 compressar

¢ircult.

INVESTMENT CREDIT. Usedin Budget econom-

ics. Reduction in planned investment which
will occur because other egupment is buils.

INVESTMENS - TYPES

Gross {(or Original Investment): The Gross
investment 15 the onginal coat of vonstructung
the facilities in quesnion. Budge: projects are
presented and analyzed on this basis.

Net Investment [Net Book Value): Gross
lavestment leas deprecianorn TeseTvesl egquais
pet investment,

Depreciated, Escaiated lovestment: This
investment is obtained by adjusting Net Book
Value to take into account changes i comstruci-
ion costs or the value of the doliar since the
plant was-bwlit.

Original lnvestinent Adjusted to Current Costx:
This investment 15 self-expianatory and is 3
rough measure of the cosl of repiacing the
plant in gquesnon. In fact, the investment is
sometimes referred to as repiacement
investment.

Replacement Investment: The cost of replacing
the facilities reguirec & do a given job is known
as replacernent investment. It is usually lower
than original :nvestment adjusted toc current
costs because of Tachnological advances.

INVITATION TO BID: A compilation of process
and mechanical Gata for the design and con-
struction of facilities which 18 forwarded to

coatractors for bidding.

ISOMERIZATION: The chemical conversion af
ane hydrocarban inte another hydrecarbon of

. exactly the sarne molecular weight and with the
same hydrogen-carbon ratio.

ISC.OCTANE; The popular name for 2,2.4 tri-
methyl pentane. This hydrocarbon has
excellen: anti-knock characterislics and the
octane nurnber assigned to gasolines is based
upon a value of 100 for isa-uctane. At the
time the octane scale was set up, iso=-0ctane
had the beat anti-krock charactemstics of any
known hydrocarbon,
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OTQPES: Elemente whizh ofcupy the same
placc n the periodic systzrm, have ‘the sarne
nuciear charge, but have a difierent atormc
weight, They .ontain the same number of
pror~ns but a different numb>er of neutrons.
Uranium-238 contains 92 protons anc 146
neutrons while the 180tCDe Uranium-235 has

92 protons and 143 neutrons.

JACK SCREW: A device for locking return
bencs Or piugs :n positior = d furnace header
box.

JET CLEANING: A chemical cleaning tec hnigque
using a3 very mgh pressure jet of water, deter-
gent or hydrocarbon to remncove deposits 1n
exchanger tubes.

JET MOLE: A pipe line cleaning technigue USIng
a very high pressure jet attached to a hose
which pulls itseif like a moie thru the pipe and
washes Geposiis out behind il.

JET TRAY: A new fractionating tray developed
by Laso Lngineering COASISUNE ent:rely of
punched tabs.

JTUMPOVER: A piping connection between two or
more lines or belween Dwo Sechions of a furnace.

KARBATE: A carbon and resin material used
for Lining piping ang vesaels in acid aervice.

MUFJ-BUTAHOL VALUE: A laboratory test
lor deterrnimung the dissaiving powers of & sol-
veni. based on natural kauri gum as a standard.
It 15 sspecially used for lacquer solvents.

KERYL: A term applied to chiorinated kerosene
Baving an average of 12 carbon atoms. It is
used to alkylate benzene which is sulphonated
to produce a detergent.

KING POST: The center colums in a tanik whach
s usea to suppart the rooi.

KNOCKE! : A knocker is an air-operated cutter
Tmounted on a universal joint. It is used in
cleaning the inside of severeiy coked {urnace
rubes before turbining is aemptec,

v Tl -

A vessel :tn which suspended
liguid 18 separated {rom gas or vapour.,

KNOCK RATING :
ocane numder.

A collogquial synonym for
See octane dumber.

LAC : Preferred engineering term for delay in
Tesponse. (Sece also Process Lag and
“Cransmission Lag).

LAGCCING: Any mate ria] which can be used to
reduce heat losses,

A branch connecBon from a atility

LATERAL:

———— e ———————————

ma.r. tc 2 Pl’DCeII consumer’”.

LATIN SQUARE: AN arrangement for conducting
an experimental program to obtain the most
ini=-mation {rom the optimum rmamber of
exper:ments. '

LEADED FUEL: Gasaline containing tetra ethyi
leac \TEL :

LEAD SUSCEPTIBILITY: The increase in octane
Aumber Of 8 gasoiine or other hydrecarbon
obtained by the addition of a standard amount of
tetraethyl lead.

LEAN OIL: The stripped solvent in the operstion
of an absorption lower. The solvent is {ed to
the tower in which the gas is to bhe stripped. It
is then lean oil. It absorhs the heavy ends
irom the gas. It is then {at oil. The fat e6ii
18 strippec of these heavy ends and 15 again lean
Q1.

LIGET ENDS: The low boiling fraction of gaso-
line, generally pentane and lighter.

LICHT NAPHTHEA; One of the lower -boiling gaso-
line components; those with 95% off at or beiow
3200F.

LICGKHTNING OTECTION: Anarrestor designed
to biced aff to ground any pre-determined maxi-
mum level of voltage which would injure insul-

ation or otherwise damage equipment and mini-
mise lightmng strikes.

LIGHT THERMAL BY. PASS NAPHTHA: A term
appiicc to naphtha which has been produced on a

therrnal cracking coil unit but which has not
been acid treated. Usually, this naphtha is the
overhead {rom a splitter tower: the bottorms
would be acid treated.

LINEAR PROGRAMMING: A mathematical method
ior Snding the optirnum value of a linear expres-
gion which iz subject to linear constrainta. This
is referred to 88 ProgramIming becauss the solu-
tion methods require a series of trials, or pro-
grams {or solution to 3 linear expression.

LINE BLENDING: Thke ruxisg of two or rnore
components to some predetermined ratio in a
pipe Iine.

1ICUZFIED PES Light
hycrocarpon materiil, gjaseous al aimospneric
temperature and pressure, held in the Jiguid
state by predsure to facilitate storage, tzans~
port and handling. Commercial liquefied gas
consists essentially of either propane or butane.

Lgumo LEVEL INSTRUMENT: An instrument

——

which indicates the liguid level ina vessel,

LIQUID PUMPOUT: Those lines and equipment
whose Boie purpose is to empty the tower or
drumes of oil and slop during shutdowns or emer-
gencies. The act of withdrawing the liquid from
the egquipment by mcans of pamps. :

Steamn direct from a boiler, as

LIVE STEAM:
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against exhausl steam which 18 stearn thal has
been used.

LOAD CEN A strategically located electry-
cal distripunaon center from which 440 or 2300
volt power 18 disiributed.

LRARING JACK: A flexible piping arrangernent

with swivel joints for loading tank wagons or
cars,

LOADING RACK: A structure &2 provide access
T the top of ank wagons and ca ra» for loading

Furposes.

LOGGER; A device which autornatically records
dara in digital form {rom measuring instruments
at preset intervals or upon demmand.

LOOK BOX: A box with glass windows installed
in a pipe line to permut visual iaspection ai the

flowing material.

LOOP DISTRIBUTION SYSTE A system of
eleciricai distribution icedecs afranged 1na
ring where every fap has a source of poweT
from either directicn.

LOOP SYSTEM: A loop system is a gistribution
system for such unilities as electricity. steam

and fire lines. which i9 designed to permit
suppiy from two direclans.

LOW LEVEL ALARM: An instrurnent device
mTuch actaatss an audible horn apd sgnal light
when a liquid level has fallen below a safe
peoint.

LOW LINE OR LOW PRESSURE GASES: Those
gases from atrmosphenic cistilation and vacuum
recovery systems {usually at abou!l 5 lbs. pres-
sure) which are callected in the gas plant for
compressian o highe:s pressures. Law hne
gases arve distingu:shed {rom high line gases -
those which have already been compressed or
which resuit irom hgh pressure operaions.

MAGNAFLUX: A tocl usec for inspe tion of mag-
netic materials. A rnagnetic field 13 et up in
a pactte be inspected. interruptions to the
magnetic field such as cracks are indicated by
cmowding or collecung of the fux at the flaw.

MAHOGANY ACIDS: The oil-soluble petroleum
sulphomic acids remaining dissolved 1n the oil,
when, in the manufacture of white oils with
furmag acid, the aci1é sludge has been settlec
and drawn off. Thess acids are converted to
sodium 303ps {mahogady soap] by neutralization
with caustic and removed from the oil by ex-
tracton wath alcohol. Alfter further purificat-
jon tl ey are extensively used in the refinery in
the mapufactures of scluble ails, ruat prevent-
ives, and special greases. The sodium-
mahogany scaps are converted to calecium s0apd
jor moter-oil detergent additive. Surplus
amounts are sold for vATIOUS UBES.

See mahogany acids.

MAHOGANY SOAP:

MANIFOLD ]HEADEP,) :

MASS SPECTROMETER

MASTER PLAN:

MATERIAL LIST:

MELTING PQINT,

MANHZAD: AR scCess opening into 3 tower Gf
drum to allow entTy of personne} during shut-
downs for inspection oF TEpaiT. ° May be round

or Oval.

Pipe syatem having 3
numper of branches connected together.

MANOMETER: A measuring device lor deter-
manzng preseures of gases and vapors.

An analytical instru-
ment which sejects chargec masses in a vacuum
with magnet:c and electrostatic fieids. This
renders & specirum which can be interpreted in
terms of the type and quantity of the molecules
present in the eriginal sampie. Samples must
be vaporizable.

A long range program for
refine ry betlerment, usually appiied t5 pome
specific phase such as tankage ailocation or
refinesy lavoul.

MATERIA , WCE- Calculation in which the
total of the various quantities of materixl
entering a systerm are compared with the totai
of the various quannties of material leaving the

sysiem.

A list of stock items prepared
by the Engineeridg Department {or the use of
the Storehouse, Purchaaing Department and
Mechanical Trades to determune the type and
quantity of mate rial required to construct a
given project.

£ WORKING PRESSURE :

MAXIMUM ALLOWABL
The maximum WoTking pressure of a vessel

rated 1n accorcance with the APl code under
pew ang zold condimons.

MECHANICAL QRDER: A Tequet submitted by

the Process Depa riment Jor mechanical repair
work

) =21 . A mechanical device to
seal the flow - ¢ liquic along a centrifugal pumnmp
shaft by using 2a fixed and rotating element of
two dife rent mateTals.

The temperafure at which a
given solid begins 10 liguefy; there are special
test methods for wax, asphalt, grease, etc.

MENSTRUUM; The sclvent used in an absorption
process - apec:fScally, at this refinery, 1N gas

absorption. See Lean Oil.
MERCAPTANS: Organic campounds having the

general forrnula R.SH. meamng that the thiol
group -SH. is atiached to a rad:cal such as
CH3 or C2Hs, etc. The simpler mercaptans
have strong. repuisive garlic-like odors which
become less pranounc ed with increasing moie=~
cular weight and hagher boiling points. Reduce
lead susceptibility of gasoline and promote gum
formauon in the presence of sulphur.

MERCURY NUMBER The numbec: of milligrams

of corrosive bulpnur present in 100 miililiters
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of petroleusn: oil, such as naphtha, wher del.. -
mined by s Standacc laboratory procedure.

METHOD OF STETPEST ASCENTS: A method of
expe rimenti design waich atlempts ta provide
a sequential approach o the optimum responsc
af the process being studied. lp certan
experimental aress the usc of this method muni.-
rmises the number of experiments to be periorm-
ed,

MICROCRYSTALLINE WAX: Wax extracted from
certain petrolaum resicues and having a finer
and less apparent crystalline strucnire than
paraffin wax.

MID-BOI1LING POINT: A term approxsmately
equa. to the point at which 50% of 2 material has
dintilled. There are. however, meveral speci-
fic defmtions of the m:d-beiling pont and the
term ahouid be used omiy with a ¢lear under-
stand:ng of its meamng 1n the context.

MIDDLE DISTILLATES: Distillates oblained
"~ between Kero#ene and lubricating oil fractions
in the refining processes. Tnese include light

{uel oils and diesel fuel.

MINERAL QIL: Any 0il derived from s rruneral

source. Such oils include liquid products
obtained {rom pefroleum, shale, and coai.

MISTING: The entrainment of lean ail {Tom the
top of an absorber.

MOLECULAR SIEVE: A chemical. haviag a
reol:te c rystalline structure, capable af separ-
atng molecules based on their size and/or
structure by adsorphion and/cr sieving.

MONEL METAL: Allov of nickei with about 30%
copper, having high corrosion resistance anc
strength equal 10 milé steel, usedin candenseT
uoes etc. ’

MONQLITHIC LINING: An insulatiog liner with
an erosion resistant surface. installed without -
jornts 1emade lines ar vesseis. Conaists of
1" of insulaton undernoeath a 3/4" thuck Hex-
stec! reininrced eraston resistant castable.
The Hexateel 13 supported or 37 hagh Nelson
stucs spot weided on appraximalely I'0" centers
to the line or vessel wall,

MONTE CARLO METHOD: A procecdure. usually
numerical, {or securing pseudo experience on 3
physical process known to follow certain laws
and certain distributions by randomiy sampling
fram these distributians,

MOTRR STARTELR An electirical device for
gtarting rMOLoTs with either magnetic or thermal
overicac protection. May be eiectricaily oper-
ated for remote controcl or manual. Motors
upto 7-1/2 HP are usually manually controlied.
Must be used 1n conjunction with a circuit
breaker or fused switch for rhort circust pro-
tectian, Undervoltage protcction 13 standard
where motor drops off line when voliage goes
beiow BS%,

-
[
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MULTICLONE: A device for separating catalyst
{rom gas, which consists of a series of
cyclone separators combined into one unit.

MUSHROOM VENT: An apern vent with a

—eather soieid in the shape of & mushroom
which is used on atmospheric storage vessels
tc permit the vessel to breathe due o changes
in termperature or purmpiag in or ouw.

A general term for light petroleum
distillates, covers unfinished gasaline fract-
1ona as well as finished solvents,

NAPYTHA SLUDGE: An acid aludge resulting
irom the treatrnent of naphtha distillates,

Cf. sludge.

NAPHTHENATES: The alkali and metal salts of
naphthenic acias. They are used as paint
driers and as preservatves for wood and
textiles. .

NAPHTHENE INDEX: The weight per Tent of
tolal carbon atoms actually in Naphthene ring
sgructures tn a prisuieum oil.

NAPHTHENIC ACIDS Carbaxylic acids von-
taimung naphthemic radicals. They have a
characieristic unpieasant odor and are used
tnainly for the preparation of naphthenates.

NAPHTHENIC HYDROC ONS: Hydrocarbons
in which the carbon-hydrogen groupings are
arranged in the {orm of two closed rings and
have an empiricai formula aof CnH?.n‘

NATURAL DRAFT: System in which air for
cormbuation 1s drawn 1nto a furnace by the hot
flue gases nising up the stack.

NATURAL GAS: Hydrocacbon gas of variable
campos:Oon sccurring in nature either alome
or in association with petroleum..

NEEDLE VALVE: A valve witha cone seat and
necdle point plug to contrel small and accurate
flow of a liquicd or gaa.

NET RETURN: Monetary per centl refurn on
investment after allowances have been made
{ior depreciation and income thxes.

NET WORTH: An index {requently used to
measure the overall rmoney making ability of
an organ:zison 1s "return on net worth. It
ig, in effect, profit after taxes divided by
sharehoiders’ money lied up in the venture,

NEUTRALIZATION NUMBER: The weight in
milligrams oi the amounts of potassium
hydroxide (KOH] required to neutralize the
acid conatituent in one gram of ¢il. The
peutralization number of an oil is normally a
measure af 1ts organic acidity.

NON.SPABRKING TODLS: Tools {or usein
hazaraous mnreas, made of bronre or an alloyaof
copper with about twao percent beryllium,
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LS

Any of the {i{teen 190mMers of CgHyg- gition of refinery equiprnent while process units ’
The word octane is sometirnes uscd to refer are operatng.
specifically 10 2. 2.4 tmmethvipentane. See
1m0-actane. .

CTANE NUMBER: A teTmn nume rically indicat-
ing the relative anti-knock value of a gasoline.
1t is based upon a comparison with the refer- peried. For exarrple.
ence fuels iso-oCtane 100 octane number) and producton, operatag conditions,
aorrnal heptane (0 octane number). The octanc quality.
pumber of an uaknown fuel is the per cent voi- .
ume of 180-octane with aormal heptane which OPTIMUM REFLUX RATICO: The ratic between
matches the waxnown fuel 1n knockiag tendencies T otal reflux’ and '‘rminrmum reflus' that gives
under a specified set of conditions. the most economical design tor process equip-

ment columsas and auxiliaries.

OPERATING PLAN, The estimated operating
pian. The perunent informatiaon with respect
to the operation of the refnery in &y given

crude rate, product

and product

SFFSET: A sustained deviation between the

set pornt ano the control point of 2 ORIFICE MIXER: A pi . s
: pipe containing orifice plates.
proparnonal controller. which &TE transverse sechons having one oFf

SEFESTREAM: The status of a un:t which is shut more holes in them. W hen tWO or more liquids
down or operating without periorrmung its pTo- are purmnped through this device at the same
cess function. Examples of the latter would be time. infimate nixing 38 obtained.

the operation af a bateh reactor during a regen- .
A steel plate with a shazp-

eration cycie @r a fuid catalytic crack=ng unit QORIFICE PLATE:
during starwup. edged circujar restricrion which is placed in a
JTFSITE: An adjeclive designating the facilities pipe to measurc flow by the differential pressure
that are geographz:any outside the regular crelted_lcrols the reit_rxct:nn.. ] A.l_lo a Bteel
ope rating Wt boundaries. plate with several opemngs usecc to increase
. ) ) contact between twgo jrmmiscibie liquids. For
DHMART CELL: An u"sd'u.s:r:.al radianon detectar. this purpose. several orifice plates are placed
1t 18 commonly used in conjuncoon with a radio- in seriee.
active source such as Cobalt 60 or Cesium +37
for the measurement of {luid densitv or level. ORIFICE RUN: The R TOLT required length of
DILINESS: Under certain conditons of lubrication, pipe upstream and downsiTesam of an orifice
cne lubricant may reduce the friction in 8 benr- piate to sasure armooth flow and accurate Dow
ing more than a similar oil of the name viscosity measurements. .

and applied ia the same Way. The coil that
reduces iriction the most is "'oilier” and is said QUTAGE ; The distance from the surface of the

te have a higher degree of “oiliness’. liquid in a tapk o the standard gaugisg point at
the top of the tank.

OKADEE VALVE: A quick opening valve used in

liquefied gas service ronsiating ©f a handle- OXIDATION: Chemical reaction in which axygen
operated sliding disc that is held closed against combines with another substance {asphalt oxidat-
2 meat by the ligwd pressure. ion, gurm fcrmadon. rusting).

QO LE FINIC HYDROCARBONS: These aTe straight
chzip hydrocarbons having the general formuls .
CnHzyz ané containing 3 double bond Or unsatura- PACKING; Mater:nl used to maks pump oF other

tec linkage in the chain. They arTe appreciably glands pressure tight. Also the specially-
more reactive than the paraffins or saphthencs fabricatedfilling 1o paciked {rac :onating celumes
and combine seadily with elernents such as and absorbers. .
hydrogen. cklorine and brornine. )
PAN ROQF: A pie-pan type floating roof without
OLEUM: Also known as fuming sulpbur:c acid, pontoons which depends on the depth of the lip
Hae sufficient SO disasolved to rnake it the for its buovancy.
equsvalent of 104 1/2 percent H2504. Itis .
sometimes referred to as 20 percent oleum. PANTOCRAPH MAC HINE: A machine that per-
aince 20 percent excess SO 3 over 100 percent Tt automatic dame cutting of pipe or sheet
stecl.

acyd requ..\rerncnu 18 prelent.

ONZE THROUGH: An adjective des cribing 2 con- PANTOGRAPH SEAL: A device for sealing the
h no portion of the prod- ~o3G betwees the roof and shell of a floabng rood

Linucus process in whic
tank.

uct 1s recycled.

ONSITEZ: An adjective designating the facilities PARAFFINIC HYDROCARBONS: The whole serics
localeg within a geographical boundary thal of saturated aliphatic hydrocarbons hawving the

usuaily.constitules an operating unit, general formula CNH2N+2.

ONSTREAM: The status of a unit periormaag its PARAFFIN WAX: (As a Finished Product) Wax of
process fuachion. very low oil content, highly refined, white, with
some degree of translucency. almost asteiess
(Mw The use of non- and odorless. Setling points Tange from about
destructive testing techmniques such as X-Tay, 90°F. to 160°F.

Penetron and Audigage 1o deteTmine the con-
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PARTIAL CONDENSZ= -  An exchanger, located

I OF NEAT the top O & oWwWer, which condennses
a part af the overhoac vapors so that they
drop into the tower as cefux.

PENETRATION (of Bitum:nous material): The

consistency of biturmnizous rmalerial expressed
as the distance that a standard needie pene-
trates vertically intc 2 sample of the material
under kmewn conditions of lcading, tme anc
tampersture,

EENETRON: A non-destructive test instrument
used to determine pipe and vessel wall thick-
nesses, liquid densities, liquid leveis in
vesseln, and the intes=iace of two imumincible
liquida. The nstrusment 13 a3 calibrated
Geiger-Mueller Counter which measures the
amount of gamma rayv absordtion of the
mater:al being measured,

PENNSYLVANIA-GRADE CRUDE: Petroleum
proagucec in Pennayivania.New York, West
Virginia anc Easterr: Ohio. Crude from this
Tegion generally conta:ns a high percenmge of
excellent paraffin lubs:cating stock.

PETROLATUM: A soft, salve-lixe material

obtuined {ror petrolewm o‘ls, and consisting
essentially of micro-crystalline waxes in.
associauon with substastial guantities of ail.
It may vary in color {rom white to dark brown,

PETROLEUM: A liquid materal occurring
naturally in the earth, and consisattng essen-
tially of hydrocarbons. solid, liquid, and
gaseous,

PETRCLEUM COKE: Solid matter formed as a
by-product of the thermal decomposinion of
petraleurn, It consg:isis mainly of carbon and
has an ash contemt ver~y much srmaller thap that
of coal cokes.

Any procesa oot iovolving
cherrucai reactions, e.g. distillation compres-
510D, saolvent extraclions, etc.

ElG: .~ )ointed metal devace forced through pipe
lices by bydraulic pressure to scrap off rust
and scale or to marck an interface between two
different products. Also, a container, usually
lead, to shup and store radicactive rmateriais.

PP e A primary distillation unit for

use On petroicum oiis o separate the various
camponents having diflezent boiling points. It
consiats essentially of a furnace comtaimnag
banks of tubes anc a fraclionating tower with
ACCeafscory equipment.

PITCH: The res:duum from the distillation of
crude petroleurn. ]t s diatinguished from
tar which ia the remiduum from crackng
operations.

DLANIMETEP.: A mmeasuring device for deter-

rmaning the quantly flow recorded on a chart
either mechamcally or ziectrically by averag-
ing the area inzide of the flow curve.
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PLANT AND EQU EN UDGET: A summary In
book form of the Planned Capital Projects {or the
com:ing year. The Proposed Budget is prepared
dur:ing the first dalf of the year. After reviews
with our Management and the Parent Companies.
the budge: is adepted in Dacamber preceeding the
Budgel Yoar.

T AND NSTE =
MTAl: A material reguisiticn (issue alip] to
withdraw material {rom the stcrehouse for
construchion oF miintenanc purposes.

PIATE ETFICIENCY: The extent to which the .

compositons of the liguid and vapor lezaving a
bubble-cap plate of & fractionating column or
absorber approach equilibrium. This is usually
expresesed A8 a percantage, taking perfect

PLATFORMNG: The oldest and most widely
used Sxed-bed reiorming procass empleying
a platizum satalyst.

PLENUM CEAMBIR: A collectEng chamber, usecd
iz catalyac cracking units tc collect the gaws and
catalvet. Used iz conjuncton with :y:lom:: for
ScpArafing gas and catalyst. .-

PLOUT PLAN: A scale geographical layout of
operanng equipmenl. piping, etc.

PLUGC VALVE : A vaive used mostly in gas serv-
ice consisting of s rotating cylindrical plug in
a cylindrical body with an opening running thru

the plug.
PLUC WEID:- A circular weld made by either arc

POLSONS -

or gas weicing, through one member of a lap or
tee joint joirung that memnber to the other,

PODBITINIAK: A Jow tarmperature {ractional
distzllanon apparatus for making quantitative
deterrmnations of the composition of mixtures
of low boiling hydrocarbons.

Any compound whichk causes a catalyst
to looae actuwvizy., Such as:- arsemc, sulphur,
OXyYgen ind mITOgen COMpPOUnds.

POLYFORMING PROCESS: A means for produc-

POLYMERIZATICN:

POSITIONER:

10g hagh quality motor ;asoline by the thermal

conversion < naphtha ur gas oils 3t high temp-
eratures and high pressures in the presence of
recirculated hydrocarbon gases.

POLYMER: A compound formed by the joining
together of two or more organic molecules in
the process of palymerinagton.

Tae act of combining two or
more unsaturated organic molecules to form
products baving same elemesnts in same proport-
1ons but aof higher molecular weight. Frequently
used in petroleum refining to combine propylene
and/or butyiene molecules to form high quality
gasoline components.

(See Valve Positioner).

POSITIVE DISPLACEMENT METTI - A flow

metering device which measures the total volume
of liquid passing through it on a volume displace-
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A sealing devics {or termunating
e;ectr:ical cables, either single conducter or
mult: conductor,

POUE POINT: The lowest termoerature at which
o will pour or flow when 1t i3 chilled without
gé:sturbance under prescribec conditians,

POUR POINT DEPRESSANT: An additive used
in a lubricating oil to lower The pour point.

POWEIRFORMER: A fixed bec catalytic naphtha
reinrmer o upgrade components by improving
thelr ociane rating.

RECENERATIVFE. TYPE:
A unit in whicr the catalyst 1= one reactor can
be regeneratec while the res: of the unmit 5 or

strears,

SEMI.REGENIRATIVE TYPZI:
A umt in which the catalys? :5 regener2’-d In
place after several! months opeTation wiale the
ur:t 15 cffstrearn.

NON-REGENEZRATIVE TYPE:
A unil in which the catalyst :5 removed anc
retirned to the manufacturer for reworidng.

EREZSION: The spread of test resuits, or the

Ziarence between two or more determinations
regardless of proxirnity to true value.

PRECOAT: Also called filter a:d, is any material
appiied :n a thin layer to the suriace of a filter
to :mprave its filtering efficiency. Diatomac-
eous earth is rmost aften used.

A flash vaporization tower
with several fractionating trays in which gas,
light naphtha. aad water are removed from
parnally heated crude beiore it ente=s the pipe
sii furnace.

PRETACTICNATCR:

PREZ=ZAT: To heat immedateiv befiore some
ireatznen! @ use. as an oil which is to be sub-

-secuentiy distlled, or as & body of gas or ail
that 15 about to be used as fuel.

PREETATER: An exchanger used to heat a gas
or izguic before putiing 1t I1NI0 an operating unit,

PRIIGNITION: The prémature ignition of a
charge in a cylinder of an internal-combustion
eng:ine wiule the inlet vaive 18 apen ar befare
carmpresrion 18 completed. This may be
caused by red-hot carbon depos:ts, badly cooled
spotls it the cylinder head, or bot spark plugs.

PRESSURE DISTILLATE: The Light, gasocline-.
bea-:ing dist:liate product {rorn the pressure
stlis which has been produced by zracking, as
conirasted with virgin or straight-run stock.

PRESSURE REDUCING VALVE: A wvalve used to

MMa:inlain a constant set pressure either upstream

or gownsirears.

PRESSURE-VACUUM VENT: Venting device used
oo storage tanks to prevent the build-up of
internal pressures or vacuum on the shell of the

vessel,

PRIMING :

PROCESS FLOW PLAN:

PROCESS LAG:

PRIME CUT NAPHTHEA: A synonym for virgin
napntha. Naphtha which has been produced in
prumary distillation and which has not been
subjected o other refining processes - esp,
cracking. :

PRIME FUEL PRODUCTS: Redfers to Petroieum
Products as against Chermical Products.

Of bo:lers, the carryover of water
with the steam.

Of pumps, the displacement of gas with liguid
to obtain suction.

OI fractionaling columns, the flooding of the
trays or packing wath liguid.

A simplified diagram-
matic presentalion of an operation showing the
names of the products 1nvolved, the narnes of
the equipment used, and the rounng of the
progducts through the eguipment.

Retardation or delay in response
oi a controiled varmabie at its poiwnt of measure-
ment W0 a change in value of the manipulated
variable.

PROCESS SPECIFICATION: (See Specification -

Process).

PROCESS STOCK: Any petrolcum {raction which

PRODUCT GIVEAWAY :

PROGRAMMING :

18 to be subjected to further manufacturning
operations. The term 15 not applied to petrol-
eumn fractions which need anly to be biended to
become finished products.

The difference between
the minimum spec:ication and the acrual quality
as shipped on any spccification on any product.

The designing of a2 series of
coded 1nstructions for the purpose of solving
problemns on a computes (See Computer Routne).

PROJECT BASIS MEMOC:; A memorandum which
sets forth the basic design and economic
informanion on 3 potential project. It will
inciude reasons for the project, ::centives,
desired size, feed quality, project quality,
locataion of the plant and possible zlternates.

PRCOPANE : A saturated three carbon hydro-
carhon gas, useful fo- heating and metal cutaing
and flame welding purposes. It can be stored
under pressurc as a liquid at agnospneric
ternperatires,

PUMP AROUND: A system con a3 distillagon tower

PURCHASE REQUISITION :

for withdrawing liguid from a plate, cooling it
and retuming it to another plate for the purpose
of inducang the condensarron of vapors.

PUMP OUT: (n.) Those lines and equipment
whose scle purposae is to empty the tower or
drums of oil and slop during shutdowns or
emergencies, (v.} The act of withdrawing the
liquid from the equipment by means of pumps.

PUMP OUT DRUM: (See Drum - Pumpout).

A request for the
purchasing department o procure material
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described there:n.

PURGCING: The dispiacement of vne material with
another in process equipmesmt. frequently dis.
pilacement of hydrocarbon vapmrs with inert gas.

PUYRLIN: The iateral suppertsam a rocf
structure that fasten to the smf¥ers and
suppart the roofing material

; Magmetically operated
motor starter {or remote cammsl of motors con-
trasted with macual starterseshich are at the
moter.

: The decompositemen! & substanee by
means of heat, -

“
-

IY COnfROL PROCHAM: A program for
assuring quality worxmanskapday verifying the
satisiaciory performance uf e worker, on a
stanstcally calculated bania, smstead of check-
ing the work itself. Thkis typee! program has
been succesafully applied toemmiding and paint-
ing work. *

QUENCH OIL: Qi injected inssaibe product leaving
a cracking or reforming hcaser®o lower the temnp-
erature and arrest the crackiyg reachion,

RADIAL DISTRIBUTION SYSTEM: An electrical
systern where eacii fcoder rashakes {rom a
Common tenler, with no extommmd ties. Thia
systemn is simple where ove rimmmi and short
C1TrCuit protection 18 elementmry.

RADIANT BANK {OR SECTION]): “The tubes in a
pipe-still or boilers which remmsime heat primarily
by radiation {rom {lames anddR brickwork: see
alse Convection Bank,

RADIOGRAPHIC TESTING: A mmm=destructive test
method used to exarmune the imsewrior of opaque
material. Radiography makesaae of gamma or
X-ray penetratag radiation amdwadiation detect.
ors such 3 X-ray film, flucoreexent screens or
jeiger counters.

RADICISOTOPES: An unatable isatope character-

ized by the emission of energyamd/or mass from
its nucleus.

RAFFINATE - In petroleumn technology, a material
which has bean refined as cormpawed with an
sxtract. which is material remosed by a refining
agent,

= ; Tower packing consisung of
small hollow cylinders with lengsh equal io their
diameter. rmmay be made of metal. stoneware,
carbon or other material.

RATE ACTION: ({See Control Modes).

RATCSLEZVE: A high capacity varable area flow
meter especially suited for dirty mervice.
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REACTOR (ELECTRICALY: A cpil of wire

inserted ir an alternating current circuit which
lirruts the flow of current, It usually has no
core and can be purchaasaed for either indoor or
outdoor instnllations. It passes the normal
current but restricts the passage of high cur-
rents durming short cireuit conditions.

: The vesnsal in which
all, or at least the major part, of a reacton or
comversion takes place. In extalytie cracking,

. it is the snlarged space iz which bhot all is con-

- tactaed and cracked with the catalyst; in isomer-
ization, it is the vesael comtaining catalyst in
which ths hydrocarban is isomerizad; in :
alkylation plants, it is the vessel containing
errmisified acid in which most.-of the alkylation
occurs, etc.

-

REBQILER: An auxiliaryefa iractionatag tower
designeq to supply addinonal heat to the lower
partica. Liquid is usually withdrawn {or pump-
ed) {rem the side or bottom of the tower; is
rebeated by means of heat exchange; and the
vapors and residual liquid, separately or
together, are re-introduced to e tower,

RECIPROCATING PUMP: A positive diaplace-
fent type pumnp ermnploying either pistons or
piungers in the liquid cylinder end: they may
be simplex (1 cylinder), dupiex. or, in same
cases. multples. Simplex and dupiex units
are usually either steam or motor driven.

RECTIFYING SECTION: The part of a continuous
fracnonating column above the faed inlet.

RECYCLE GAS. A term appliedto a hydrocarbon

gas which 1# being returned to a unit for further
processing.

Y : Ratia of the amount of
product reprocessed to the amount of {resh
charge in a recycle operation.

RECYCLING: The procedure of recirculating
those partions af a feed stock which have passed
unchanged through a refining procass. The
term is also used to describe the comtinuous
retaraing of uowanted by-products to the pro-
cess.

= L ENVE: L. A red concrete
envelops sncasing eiectrical cable, conduit and
duct banks for identification as s safety pre-
caution. GCreen concrate in used {or taiephene

cahles,

REDQUCED CRUDE. The designation given lo the

botternz or residual liquid {rom the atmospheric
pipe sullm.

REFERENCE FUXL; Specifically blended fuels

with definite octane or ¢etane numbers which
Are used in determnining the pctane or cetane
Durnbers of a test sample of gasoline or diesel
fuel.

REFINERY CAS: Any form or mixture of gas
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REFLUX RATIO:

gathered 1n a refnery IO ine various umite.
Iz {racoonal d:suilauan that part of
the distilate whizh it Ieswrsa=2 to the fraction-
ating colummn to assisf :f FRAKING 3 mMOTre COm-
plete meparation intc the dem ~ed fzacrigoi, The
materiai returnec 6 the srilux. the process 12
refluxing. :

A lerrn cormormanly applied in
two dificrent ways in cornection with roctificat-
jion problemns, as foilows: 1. In plant usage,
when reierring to the gperanon of equipment,
the term most {requently denotes the quantity
of reflux per unit quannty of cistillate removed
from the process as 3 product. Values may
range frem 1 toafimizv., Z. For design pur-
pose. the te-m is more logicaliv taken as the
ratie of liowid reflux tc vapor ai any gIven point
in a.rectifying coluran. Values may range from

Section I - C

stood tu be located in diffierent laborateories, -

RERUN 5:NQ£ F ractional distillation of an ail
whick haa already been distlled - yeually
implies talung a large proporton of the charge

averhead.
RESET: {See Control Mode)}.

RESIDENCE TIME: The period of lime during
which a petroieum fracten or catalyst remains

in any specific piece of equipment.

RESIDUAL FUEL OIL: As used here, a2 petral-

eumn product intenged for combustion in large
\ndustrial installations compased principally of
pitch and tar with enough lighter oii added to
give an ail of sansfactary vincosity. In this
refinery fue! oil never means heatiag eil,
although in the trade al large it frequently does.

rero to umty. ! -
RESITUAL STOCKS: Bottoms products frorrr

distillation, eithe: primary distillanon or

REFORMING .  Cracking af naghthas tc obtain
distillation after cracking.

more voiacle producis of higner ociane number.
May be thermal or catalytic. Differs from
other cracking only in using more voiatile
charge stock.

RESIDUE (RESIDWUM) - The material remaimng
2s unevaporalec higuid ar solid from processes
involving distillation ar cracking.

RESPONSE SURFAGE: An eguation for a

response {dollars, yield, etc.) in terms of
independent variables.

REFQRMING YIELD: A measurc of the gasolir-~

yieid as a percent af irzsh fecd on reforming.
The percent yield and the qualisy of the gasoline
are functions of the severity or iawrzsity of the

reforming.S5ee vieid.
ETURN ON INV The yearly profit

from a refimung unit divided by the total
investment; may be expressed as the returs
eithe =~ before or after income taxes are
deducted from the profil.

REFRACTORINESS: The resistance to change
which is shown by a petroleurs {racuom whern it
is subjectec t> 3 vracking procers.

REGENERATION: Removal frorr the catalys:t of

coaling contarrunacnis, sulh as coke, by burning. RICH OIL: Absorption oil containing dissoived
{ractnons.
REGRESSICN ANALYSIS: (S5ee Ccorreiztion
o TOINT: A type of piping and valve joint

Anzive:s;.

EZID VAPCR FRESSURE: One of the important

specificzi:ons fur gasalines. It is 2 measure
of the varor pressure of a sampie at 10C°F.
The tes: 12 cammeoniy made 1 a bomb anc the
results ar+ reported in pouncs pe: square inch.

far high pressure and temperature service
conr:wting of matshing concentric rings
machined inro the face of 2 flange into which a
metallic ring iz installed beiore bolting together
to effect the seal.

RIPPLE TRAY: A trade name for a pierced
RTINTORZTING PaD: A plate placed around corrugated {ractionadng tray.
DOLZie anc rmanwav ODeDIngP (¢ siTengthesn the

phei! ¢f 3 ¢um, tower ©r taodr . RISER: A traasier line in a fluid polids systermn.
RETUVENATION: The resteraticn of catalyst ROLL: The internal expanded secdon of a mbe

activity foldow:ing regenerzr:on by changing the end which seals the tube to the tube sheet.

catelve: back to 1ts ormg:inz! ferm and chernical

composil:on. ROSS CARRIER: A four-wheeled vehicle with

the body high in the air 0 designed to straddle
a load on a pallet, lift it, and transport it as

RELIET VALVZ. Safety device for automatic
requites,

reiease cf ges oF liguid at : predete rrine s
pressure.

REPE WTABILITY: A measure of deviation of

tesl resulis from their mean vaiue, all deter-
rmimations being carried out by one operator
and without change of appa>atus.

>ROTAMI~:TE - A variable area flow meter.

RUN DOWN LINES: A pipeline connected to a

petroleumn proceasing unit which carries a
product away from the unit to & tank.
RUN DOWN TANK: Tankage into which a unig
Etreamn 18 run.

REPRODUCIBIIITY A measure of devianon of

test results from their mean value, the deter-
minatione being carried out by different

operators useing appararus generally under- RUNNING: Term used in the Petroleum Industry

SHB - 14
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for the distilling cf crude 01l

z A Tupturse digc is a device
calculatsd to fail al a specific pressure. I

is used 11 lieu of a safety vaive in installations
where corrosion of the valves would be 3
sericus problam and reseating is not essentaal.

1PT =

SADDLES (WEIDING): A type of fitting used to

Te:niocce a pipe jcint where a branch is weided
dirsctly inte 2 maia or beader.

SADDLES {SUPPORT SADDLES FOR DRUMS):
A concrete, brick, O metal crum-support
formed to fit the curvature of the vessel.

When the drum termperature is below 150°F
a corromion plate is installed between the
drum shell and the concrete support.

A motor fucl with 3 flaxh
or magher.
See relief valve.

SAFETY FUEL:
pant af 100

SAFETY VALVE:

SAPONIFICATION NUMBER: The number af
rrulligrams of potassium hvéroxide required
to neutralize the freec acids and sapanily the
esters 1n on= gram of il

SAYBOLT CHROMOMETER: An instrument
used to deterrmne the color of refined petral-
eumn oils, such as gasoline, kerosene and
white oil.

SAYBOLT FUROL VISCOSITY : A viacosity test

BUTiiar 11 natare to tne Saybolit Universal
Viscosity Test, but cne more aAppropriate

for testing high viscomty cils. Certain trans-
muasioz and gear oils, and heavy fuel pils nre
rated by this method.

SAYBOLT, GEORGE M, : The inventer of the

Sayboll Viacosimete- and the Sayboit Chromeo-
meter: an employee of the Standard Qil
Company of New Jerscy, now deceased.

A LT UNIVEREAL VIS Y- The ame
in seconds ior 60 cubic centirneters of ail to
flow through standard capillary tube in a
Saybolt Viscosmimeter.

SCAVENGING AGEN : A compound used Lo aid

in the removal of .ead compounds from the
combustion chambs=r of an engine. Ethylene
dibromuide (scaveaging agent) reacts with
tetraethyl-leéad durmg combustion to form lead
bromude which is vaiatile and passes out the
exhaust as a gas.

SCREW PUMP: A screw pump is a rotary
poaittve displacement type pamp usually
applied whan handling viscous liquids at high
pressures, above the range of the ordimary
gear pump. As thc name implies. the pump-
ing rotors are meshing $<TEWE running ¢lose
clearance which progress from suction to
discharge with trapped liquid to effect posinve
displacement, :

SCRUBBING: The process of removing an
impurity {rom a petroleum product. For
example, the removal of hydrogen sulphide
from & hydrocarbon gas,

- C 28

STat FLUID Generally 2 50% solution of
giycerine int water. Usec to seal the lesd lines
sf instruments against the fluid being measured.

SEZAL POT: A presasure ught container inter-
posed between L process line and a measuring

instrument usec as a reservoir for seal {luid,

SEAL WELD: Any weld used primarily o obtain

ughtness,

SECONDARY SELECTIVE: Anaglectricalsystem
~here two sources of prumary (high veltags)
power feed two tracsformers and through sec-
ondary (low voltage) breakers feed twa busses
with & tie breaker. The station is cperated
with the He breaker open. 1 one transformer
fails the te closes and the faulty secondary
breaker opens thereby {eeding both busses from
the remaining operable transformer.

SETD COKE: Fine particles made in a fluid
coking unit to replace the large particies with-
drawn as product coke.

ELEC T POLYMERIZATION, The . polymer-
ization of a singie type of molecule.

EEPARATOR. A large flat tank, generally set

1o the ground. through which refinery sewer
water is poured to recover &il.

SERVICE FACTOR: A measure of the continuity

of an operaton generally expreased as the ratic
af actual runaing time to calendar days.

SET POINT: The set or desired vaiue of the
contralled varmable on a control instrument.

SETTLING PAN: A low tank of relatively iarge
diarneter used 1n the chernical treating of
petroleurn products for gravity sepiration into
liquid layers.

SHEED SECTION, The iower section of & fraction-

ating tower consisting of shed baffles. Used
norrmally is dirty or coking service, where the
fluids may coatain solids such as coke, catalyst
or dirt, to desupezrheat vapors and scrub out
salids.

b . JBE A type of exchanger
ceamsting of a cyhindrical shell for one medium
with a bundle of tubes inserted inside for the
other medium.

T -

SHINGLE LINING: A lining similar in construct-
10n0 to that of the overiapping wood shingles on
a hause. [t afiords protection to the material
being lined 1n that it deflects the liquid away
{rom the base material. -This type lining is
used within towers and drums.

SHORT RESIDUA: Low gravity bottems or pitch
irom vacuum pipe stills.

SHUT DOWN: The procedure used 1o discontinue
operations on a process unit on a regular or
emergency bamis.

SIRESTREAM: A liquid {raction drawn from an
DHL 195
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intermediate bubble-tray 1= a fractionating
column.

SINGLET FLASH: Ao adjec=ve used to charactier-
ize (racnionabng towers wk:ch do not have
reboilers. The foed atock o8 heated and
released icto the tower, —a= tower bottorns
are oot reheated and reflas=ed into the tower.,

SKIMMER: A device for reccvering the floating
oil layer {rom a body of ware=.

SKIRT SHEET: A cylindrical steel support for
vertical vasseln.

The formation of a coating o the
cutside of furnace tubes due 20 imparities in
the fuel that is burned.

1LEEPER. A pupe line suppers. usually consist.
ing of a concrete block or tme ground with a
steel member cast in the tcp to provide a amall
area of contact with the pips. thereby fanimiz-
ing rustag. .

SLIDE VALYE: A type of valve consisting of 2
bocy with 3 large sliding disz usually in the
bor:zonta! plane which is ac=ated by 3 com-
pressec air o7 hydraulic eyl:nderT.

SIIGH OXIDA TION TEST; A testior determining

" the oxicauon resismnce of sils.

S1IP.ON FLANGE : A type ci pipe flange which
is shpped over the pipe anc thed back-weldead
to the pipe.

§L0OP OI1: Contaminated oi! which has been
recovered {rom a aeparator or other contam-
ipatec source., This oil must be redistillec
before use in finished products.

SLUDGE: Sludge is used cermmonly in three
separate senszes - acid aludge. engine sludge,

and tank sludge.

ACID SLUDGE: :
A heavy, blacgk, viscous, material af kigh
"“specif:c gravacy formed during the chemical
refimiag treatment of oils bv swlphuric acid,

anc usuzl'v separabie by sefling or centrifuging.

ENGINE S5LUDGE:
“The i13soiublz degradation product of lubricating
oile ané moter fuels. {ormed during their use
iz internal tombustsn eagIned and deposited
f{rom the oil on to engine paTtE outside the com-
bustior 8pace.

TANK SLUDGE:
Material which collecm at the bottom of storage
tanka. Such siudge usually contains a consid-

erabie amount of water.

SLURRY: A free-{flowing mixfure of solid and
liguic; specifically, a suspension of craciang

¢ talyst in cycle oii.

SMOKE PCINT: A rmeasure of kerosane burning
cleani:neas, It is expressed in terms of
flame height in millimeters vbtainabie iz a2
saandard laboratory lamp before sThoking is
abtained.

SOAKER: In the thermal ¢racking procesa, 2

vertical cylindmcal drum about four or five
feat in diammeter and forry feet high, designed
for high pressure. This drum allowse the hot
oil to soak and react at & high temperature
after lasving the coll. Most af the cracking
occeurs in this drurm when it is used. In refer-
ence to thermal cracking the exprossion "coil
only'" mmeans that Do soaker is used. Coil-anly
cracking is comrnon.

SODATFINING: The process of promptly sods-
washing petroleum {ractions, followed by
inhibitor injection and alr sweetaning - asp.
from catalybc ¢cracking - ‘bef{ore any exposure
to air. Aromatic pnercaptans can be removed
by sodafining. 1f not promptly removed, aro-
matic mercaptaans are oxidized 1o disulfides
which are refractory tosoda washing, andwhich
are important contributors (o poor stability.

SODAWASH: The process in which a petrolewmn
distillate is treated with ar aguecus solution
of sodium hydroxide to remove acidic come-
ponents usually those contributing to poor
odor or poor stability.
A muineral oil . gon-
taining An emuisifier which makes it capable of
mixing easily with water to form » metal-cutting
coolant.

" v -1 - T .

SOLVENGCY:; The power of a substance to disscive
another substance.

SOLVENT NAPHTHA: Refined naphtha of high
{lash-point anc restricted beiling range: used
ior dry-cleaning.

SOUR: Denoting s petrcoleum oil which conmains
ooorife rous sulphur cormpounds. such as mer-

captans.

ou - Hydrocarben gas containing undesir-
able suipbur compounds such as hydrogen sul-
phide and methyl mercaptan.

SPACE VELOCITY: A mezsure of the amount of
oil wmach is contacted by 3 pound of catalyst or
coke particies in cne hour. To obraic the
W /Hr/W, divide the pounds of ail ¢harged per
hour by the pounds of reacior holdup.

SPALIING: To crumble as occurs with the con-
crete Liming in vessels.

SPARGER; A device to provide an even distribut-
jon of a2 gas or liquid over the cToss-section of

a tower usually in the form of a periorated or
slotted pipe or disc.

SPARK ADVANCE: Ina spark-ignited angine, a
cnange in the taming ¢0 that sparking o<c<urs
eariier in the compression cycle.

SPECIFICATION;
DUTY:
A short staternent which presents the basis for
engineering, usualiy to an outside contractor.
1t will include feed and product qualities, haat
and material balapcea and design informatien
that might be unigue.
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JOB:
The combined process and mechanical apecs
which are usec as the basts for contractors’
bidas,

MECHANICAL:
The detailed mechanical instructions that
include materials of construction, specificat-
ions on painting, insuiating, etc.

PROCESS:
A definitive design of the proceas eguipment
required {or a projec:.

SPECIFIC CARBON BURNING RATE: The

pounda per hour of carton burned per pound
of catalyst sbove the grid in the ragenersior.
This term 15 used in catalytic cracking.

SPECIFIC DISPERSION: A laboratory proced-
ure for delerrmuning the separation, by the
tested ail, of light into its colors, The test
is usad lo charactenize cracking feed stock.

SPECIFIC GRAVITY: The ratic of the weight
of{ a givexz volurne of substance to the weight
of an equal volume of water for laquids and
air for gases at the same specified temper--

amire.
PECTACLE K. Sometimes calied 3
"Figure ¥ Blank"”. Made from steel plate in

a figure 8 shape with one of the circles solid
and the other circle opea. When the line is
it use the open end is piaced between the
flanges and whez the line i» to be blanked aff
the "Speciacle Blank™ 18 reversed and the
20ii¢ enc inserted between the fanges.

SPHERICONE: A tank made in the shape of a
teardrop and used as a settiing tank in the
boiier {eed water treating process.

SPLASH PLATE: A plate placed in the path of

a flwag stream and used o effect good stream.
dispersion and/or as a liner.

SPELITTER: A fractionating tower with an over-
head strearn and a bottoms stream only, no
sidestreams. There are many sich operat-
ions and thus is a general term.

SPLITTER BOTTOMS: The botioms estrearn

{rom a mplitter tower.

SPREAD: Normally refers to the difference in
value of crude and the average vaiue of al}
products obined thereirom.

STABILIZATION: The removal {rom light

maphtha of the more volatile components (H3S
is frequent'y ah 1mportant, undesirabie com-
poneat) in order to hold the vapor pressure to
a specified rmaximum.
STABILIZER; A umt of fractional distillation
+ equipment for remowving light hydrocarbons
from an oil to reduce vapor pressure,

STANDARD DEVIATION: A standardited meas-

ure of the spreacd or dispersion of a aet of

27

numobere,

STANDPIDE:. A vertical lize or pipe used to

transport catalyst down {rom a vesse! and to
provide 3 static head to the catalyst.

STARTING INRUSH CURRENT: The current

needed to start a motor, uvsually 8 to 10 times
sormal running current, which may last from
6 to 18 seconds.

START.-UP: The procedure used to start cper-

ATICNE GO A Procass unit.

STEAM CRACKING: High temperature cracking

of hydrocarbons in the pressnce of stasam,

STEAM DISTILLATION: Distillation in a cur-

rent of stearn of a liguid at a tamperature
below i1ts normal boiling point.

STEAM EMULSION NUMBER: The number of

seconds required for an oil 't separate when
emulsified and separated under definitely
prescribed conditions.

STEAM TRACING: The applicatios os small

diameter steam filled tubing or pipe around
the outside af other pipe, vessels, pumps. etc.,
which keeps the material thereins warm.

STEAM TRAP: Device for automatically remova-

iRg condensate water from a pipe or vessel
under pressure, while preventng escape of
stexm.

STEARYL ALCOHOL: A saturated aliphatic

alcobol having 18 carbon atoms.

STILL: Vessel! in which liguids are vaporized,

STILLING WELL: A pipe instalied vertically in

& tank for gauging to eliminate the splashing
and wave action effsct on the gauge when pump-
ing into the tank.

STIRRED REACTOR: Alkylation unir reaction

vessel agitated by rmechanical rmixers,

STOCK: Io general. any oil which in to receive

further treatment before going 1nto finished
products. Used also, in a more restricted
senae, to mean any oil which 18 finished as {ar
as refining operations are concerned. but
which must at:l. be mixed. blended, or com-
pounded with some other cil or rebranded
before becoming a finished product; more
properiy spoken of in this sense as "finished
stocks”,

STORED PROGRAM: A feature which makes

modern compulers so powerful is the "stored
program”. The series ¢f codec 1nstructions
of a computer routine are stored on a magnetic
drum or core rather than-on cards. Quick
and random access can be had to stored inat.
ructions whereas in card prograrmrmng the .
crder of instructions 1s lirmited and the meach-
anical device for feeding the cards 15 slow.

STRAIGHT RUN: Synonym for virgin: an
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adiectave applisd to 2 petrsie.m distillate wh.n h
has been {ractionated {rorm peirsisum but
changed in no othar way.

= : An operating Sav ona refine *y
unii, as cistiogushed fraom a calendar day.
The term stream day is oniy ssed by manuiact-
grers. - Supply statements art always on 2
calendar day basis. I the word "day’ is used
with no suffix, calerdar day is undersiond.

STRESS RELIEVING: A means of removing the

sLresses imposed ik vessels oF piping from
welding by beating to a predetermined temper-
ature feollowed by slow cooling.

T RUPTU Is the tendency of a metal
undergoing creep, usuaily at ecievated temper-
atures to deform and wltirnateiy fail usder cen-
stant load.

CHART: Ap instrumsnt roll chart to
Tecord variables. They are i" - 4" and 12"
wide with a maximurm usable =me of 40 davys.

e X Liners in pressure vessal usually
field installad in strip ahape (rectangles & x 36")
and lap welded in shingie {askion to the shell.

STRIPPER: Equipment in which the lightest
<rachons are removed f{rom a mixture. Ina
natural -gasoline plant, gasoiiae fracsSons are
stripped f{rom rich gas. Iz the disglason of
crude patroleumn, light fractians are stripped
from the various products.

STRIPPING: Substantially complete removal of
the more volatile ¢ rnponents {rom a miXmre.
Normally used in petroleurmn refimmngin order
to raise the flash point of kerosine, gas oil, or
lubricating oil, or to remove beavy "slop cut”
{ram asphall to improve its stain mst. ILi»
usually accomplisbed by passing the hot bottom
or mide cut {rom a Oash drurm or tower through
a stripping vessel (or section) through which
opeu $tsaTh or incTt gas 18 passed, to pwueep ol
the volat..e components.

STRONG BAC" . An improve”’ mechanical aid
usec monhy-ty boilarmake: s to band, straight-
en or align two plates for the purpose of wald-

ing.

S. Onme of a group of electrical dissrib-
GRop tusses Hed together through BHe breakers
and reactors to a InAid syochromzing bus.
Arrazgement allows lawer interrupting capacity
equipment to be used on each stub than wouid be
required if all equipment were tied to one large
bus. :

TUD LT: A comtinucusly threaded bolt uzually
magde of alloy steel and haat treated to mee:
AS™M specificanons. They are threaded their
sntire leagth for maximum elzaticity anpd stren-
gth which prevents failure at bigh temperatures.

STUFEFING BOX: A stationary enclosure through
which a rotanng shait passes dosigned 10 pre-
weat Quid from leakiag through. Snuifiag boxes
are used on pumps. agitators, atc., and con-
tain eizher rings of oacking fitted directly

SUPERVISORY CONTROL:

SURGE DRUM:

around the shaft or mechanical ssals to prevent
fuid leakage.

SUBMARINE CABLE. A copper~ cable with lead

ehealh anpd wire armor over all, designed for
use under water, QT direct earth burial.

SUB-ROUTINE: A computer Toutine which itself
is a part of a larger computer program and
which is referred to gquite often in the sclution
of a problam. As an exampie, the development
of the square root of a- sumber is a smmall pro-
gTam inserted as a subroutine in a larger pro-
gram used for calculating fows through orifices.

SUB-STATION: A convenient cecter for distrib-
unng secondary voltage power, usually in com-
bination with a transformer in same building or
site.

SULPH C ACID TREATING: Anoil refining
process in which unfinished petroleurn: products,
such as gasoline, kerosine, diesel fuel, and
lubricating stocks, are contacted with sulphuric
acid to improve color, odor, and other propert-
1as.

uULP The process of combining
sulphur or sulphur compounds with petroleum
oils, uasually lube ail stocka. The resuliting
lubricant is chemnically stable and has far great-
er 8lm strength and load carrying ability than
ordinary mineral oil.

SUMP: Pitor tank at & low level into which
liguids can drain.

SUPERCHARGED ENGINE: Onein which air
supplisd for combustion is boosted iz pressure
pefors intake to the cylinder.

SUPERTICIAL GAS VELOCITY: This is the rate
at waickh gas would pass tbrough & vessel in the
absence of fluidized solids.

SUPERTICIAL VAPOR VELOCITY: The apparent

valocity of vapor in a liae or vaseel naglacting
the efiect, for exampia, of catalyet carried along
with tha vapor.

SUPER TTR. I. An apparatus which imparts
heat to a material above that required for vapor-
igation, 2. An apparatus used {or adding heat
to atearn above the samiration termperanire.

Electrical squipment
which permita the cootrol of motors, motor
operated valves, etc., from a remote location
by means of coded pulses over telephooe wires
or by microwave radic relay facilitdes, )

A vessel used to provide reserve
capacily in a continuous process.

SWAGE: Colloguialisrn used to indicate a change
o piping size in the form o a reducer. This
reducer is made {rom pipe which is deformed
through heating and hammering {swaging or
forging) to create a srpaller site on one end of
the pipe. Cn piping skatches swages are
indicated ax 4" x 2" Swage, 4" being the original
size and 2" being the reduced size.
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gw>- T A .zriptive term given to a peTol-
cum fract..n which is relatively [res from
odorifercus sulphur compounds such ar mer-
captans.

WEST CRUDE: Crude peatroleum oil cormining
s0 little sulphur as to render unnecodsary any
cherrucal treatment {z2 the removal of sulphur
or sulphur compounds.

SWEETEN: To improve the odor of a petrolevm
stream by removing the odoriferous sulphu?
compounda or by ¢enverting them te ‘other non-
ofiensive compounds, usually by cxidatiozn.
The method of sweetening most widaely used 18
the Doctor Sweetening Frocess.

SWEZTENING: In the chemical treatment of
petroleum oils. the conversion of mercaptans
lo disulphides by some type of cxidation. The
method of sweeten:ng most widely used 15 the
Doctor Sweetening Frocesns.

SWING REACTOR: A reactor vessel which s
provacec witn sufficiest vaiving and piping $0
that it can take the place of any one of the
norrmal reacors.

SWITCH CRIB: An enciosure {fenced) wheremn
circuil breakers and rmeoter stariers are
mounted on o commar rack. Eguipment s
energized from a bus which is fed {rom an
incoming feeder from a switch house or sud
station. :

SWITCH GEAR: A group of reiated electnical
equipment components 0 a housing. May be
oil irnmersed or air hreak type. The equip-
ment is designed to centrol the making and
breaking of electrical connections and 1o pro-
vide {or overload or short circuit conditons.
Must be sized for voltage, current carrying
capacity, short circu:t interrupting capacity
and for operation uncer different atmospner:i¢
conditions.

SWITCH HOUSE: A building which houses the
equiprnent taed to switch lcads between prim-
ary electrical power transmission cables.

SYNCHRONIZING BUS: An eiectricz] trans-
mussilon bus comMmMan to several generators
which keeps all generators feeding a system
in synchronism. A generator rnust be syn-
chronized before connection to 3 system.

This bus permits {emders to be energized while
one generator is diaconnected.

SYNTHETIC CRUDE: The total, Liguid mualta-
component muxture refulting from a proceos
inveiving molecular rearrangement of charge
ptock. Commoniy apphied to such products
from cracking, reformung., vis-breakng, sic.

IAG-ROBINSON COLCOPRIMETER: An instru-

ment used to dele rm:ine the coler af petreisum
oils. 1t has i1ls own acale of color values.

ZALL:

A term used in the petroleum industry

w

f.  «-"s:.ve:n high boiling materia. in a2 Cistill-
-y 1sicte¢ bz .ng Tange. usuaily
(aused b¥ pocr frsctionation.

TAlL GAS: The lightest hyérocarbon pas releasec
Ivom a refimang process.

TANK BOTTOMS: The cil in & tank below the
level of the suction line, which cannot be remov-

ed by normal pumping operations.

TANK FARM: Site upon which oil storage mnks
have been erected.

TAR: The bottorns producl from any cracking .
speration. It is usually 12 AP} gravity or less.

Cf pitch.

TELTBRINELLER HARDNESS IESTER: A port-
able instrurment which measures hardness in '
terms of the Brinell hardness system.

TELEMETERING: Transmission of 2 measure-
ment over long distances, usually by electrical
means. .

TELL.TALE: A device used to indicate Jhe

ammount of oil in a tank. Consists of a float
which cont-eis the moverment of an indicator
on a graduated scaie on the outside of the tank.

TEMPERATURE CONSQLE: An arrangement of

temperafure indicating instruments normally
in the form of a desk for operators scanning of
unit temperatures,

*

IEMPERATURE INDICATOR: Used to indicate

unit temperafres by means of 8 thermocoupie
at the source : nd an siectrical receiving

instrument

TERMINALLING: Storing in or sending products
to & Marketing Depariment stoTa; ¢ tank for
future shipmenta to consumers.

TETRAETEYL LTAD(TEL): A chermical com-

pound whach increases the octane number and
improves the anti-knock quality when added 1o
armall quantities to a fuel for spark-igniticn
engincs.

THERMAL ATTERCRACKING: Thermal cracking
of a hydrofermed product due to soamng of re.
the product at high temperaturs.

THERMAL CRACKING: The refinery process by
which the breaking up of the moiecules of heav-
ier il fracuons into lighter f{ractions {esp.
gasoline} is accomplished by application of high
temperatures and pressures. Cf catalytic
cracking.

THERMAL DFCRADATION: The reduced quality
of a petroicumn {raction resulting {rom cver-

exposure 1o heat.

THERMAL ELECTRIC SYSTEM: A system for
applying low voliage clectmicsl energy heating
to a pipeline for the purpose of keeping the oil
in the pipe al a constanl temperature.

IHERMO COMP BESSCR: A piece of equipment
S Hé- 194
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which is designed to use tne (hermal proper-
tims of steam at two difie re=: preesures tc
econoﬂucdly_providc stea ™ A1 AN intermedate

pressure.
THERMOCOUE L An eiezir:cal temperatures

measunng device consiacng of Two wires of
differant metals with the sncb joined; when
this junction 18 heatad, an aisctirormotve force
ia produs wd whith 18 prapﬂr'.:nnllo to the temy-
erature. Tire tampararurs can be measured
as a function of this eiecirarmonve force.

IEE‘..SMOWELL : A tube, having one end ciosed,
inserted 1nto & vessel, pide. OT furnace as
protection ior a thermeccoupie OF thermoaometeT

bulb.

T;gzxjmg: The determization of the height of

water at the bottom of a mnx Dy the usc of a

water indicatiag paste filzn on the measuring
tape. When the bob on the ead of the rmeasur-
ing tape is dropped to the bottom of the mnk,
the indicating pasie ruras purple in the water.
and the wateT height i coserved on the @HE.
Taking sample {rom vessei with thieving device
on end of gaging ape:

CTHIXQTROPY: Property of certain jelly-like
substances to behave 88 Liquids when agitated
or strred.

UGHPUT; The volume of feed stock ChaTE-
ed 10 process equipment. Frequently, but
not peceasarily, per unit of ome-

TOGGLE; The welding member which positions
The return bend of a sectioral type header box.
1n a square tYpe heades box, itis the member
which bolds either the defector plug oT the
Oat plug.

TOLERANCEZ: An allowable variation from a
specified Lmit. .

TOPPED CRUDZ: Cruce petroieum oil from
wmch some of the lighter constituents bave
been rer vec by distglaton.

TQOPPING : A rough fractionaBion of erude petrol-
eurr. LO acparate it into naphtha, beating oil,
gas, ol and bottoms. -

ot D A fanged tavered tube, in the lower
of the two Tube sbeetd of catalyst separation
muluclione assembly, which aids in the contri-
fugal separation of catalyst and transports the
catalvst down {rom the mulliclone assembly.

TOTAL ALKXYLATE: Term for erude alkylate
Which 18 rerun to produce aviation alkylate and

alkylate botioms#.

TOTAL CONNECTED taaD: The combined pow-~
er requarement af all the electrical equipment
attached - whether oT not 1t is I8 aperation - o
sgome power source. nConnected load” i8 dis-
tinguished {rom " gpe TALIDE load” which iskthe
power requiremnent of the eiectrical equipment
actually working and drawing currest {rom the
power source at any one grme.

Tal TEL The sum of the volumen of oil
pumpod into & procels'mg unit from various
sources. 1t includes recycled products as

well as fresh {eed. See {reah feec.

TRACER: A radioisotope which is mixed with a
atabple material. The radicisotope enabiles
scientists 1O tTACE the roaterial as it under-
goes chemical and physical changes.

T . in a fluld solids systermn ARy
line through which solids are being moved by
gas.

a;: Retardation 8T delay’
caused in transmitting 2 rmeasurernent of a
variable from the prunary rneasuring eiement
to the contrallerT.

TREPAN: A cylindrical core removed from a
welded joint for exarmination of the welding.

TRIBUTARY ARZA: That geographical ared
which should be supplied from 2 givesn distrib-
ugon point when considering only tranaport-

agian costs.

TRIM CONDENSER: A salt water exchanger
piaced in series with &2 air=fin cooler tO
further raduce and control the eaifluent temper-
ature.

TRIMER : A poiymer conaisting of throe mole-
cuies of any nydrocarbon that polymeriﬂ.us.
genernlly isobutylene.

TRUE BOILING POINT DISTILLATION: Method
ot deterrrunung the bo:ling range of petroleum
oils by distillanon under standard conditions;
jpvolves a higher degree of fractopation than
the ASTM distillapon. Often used for analysis

of crude oil.

TUBE: A drawn metallic pipe o small diameter
asually searnless, used in exchangeT construct-
jon to provide 2 path for ome of the mediums

jovolved.

< IpE BYMNDLE: A group of fixed parallel tubes,
such as 13 used in & beat exchangeri the tube
bundle includes the tube header with the tubes,
the baiiles and the spacer Tods.

TUBE CLEANER: A device usually electric oT
air dmven, which cleans the ingide of furoace
tubes by mcans of rotating cutters.

TuBE METAL TBMPERATUR_‘:: The metal
termnperature oi a wibe OT PiPe in a furnace
usually deterrnned by a thermocouple welded

to the tube oT Pipe.

TUBE SHEET: A heavy metallic plate used in
exchangers and boilers, jnto which the ends
of tubes are rolled to provide suppart for the
tubes and to provide a seal between Lthe space
osutside of the bes and the inside of the tubes.
Alsa, in fursaces, the strucrural members
which support the tubes.

TURBINING: Turbimng is the cleaning of the
inside of & furnace tube with an air-opzra:ed
cutter.
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:m wnich an pntire pro-
mspectec aml TeDarr-

TURN AROUND . Per:oo
cess untl 15 overnawuies,
ed. Intervals vary wi.ts the types of process-
ing equipment invoived,

TURNKEY CONSTRUCTIOH: A piant that 15
engineered and consiructed by a contractor
without help {rom the customer. The custom-
er 1m handed a keyv to the compieted plant
which will turn on the process.

URBELOHDE VISCOSIMETZIR: A suspended
levei apparatus for accurately determining the
kinermnatic viscosity in centistokes of a petroi-
eumn oil, The kinematic viscosity is converted
to Savbolt Universal Viscosity by means of a
table,

ULLAGE; The distance {rom the suc-face of the
lagui€ 10 a tank to the stanpdard gauging point at
the top of the tank. Ullage is the same as
outage. )

ULTRA-VISCOSON: A plan: type continucus vis-
cosimeter oi the vibraung reed type.

NDERCUT: Refers to taking a lower final boil-
ing point on a atock than is normal.

UNDERCUTTING: Thy fract:onation of a virg:n
or cracked naphtha such that the 325-375°F
or 400-430°F fracrions are diverted from
gasoline to heating oil in erder toi1mprove
the valatility and cctane number of the re-
maimung gascline {raction.

UNDERGROUND CABLE: Lead or neoprene

jacketed electric canie installedin conduit or
armored cable for direct earth burial, which
is protected by a red concrete slab.

UNTIRED PRESSURE VESSEL CODE: ASME -
Section V1l - Ruies governing minirmum re=
gquirements {or design. fabrication and inspect-
lon during construction of unfired pressure
vesseis. Appencdix X of this code provides a
guide for intpecton of vessels after they aze
in service.

CNIFLUY TRAY: A umaue fract.onating device
that combines funcconal as well as mechanical

features. The tray consists of incividual "S"”
members interlocked to periorm as a single
umt,

UNILARM: A device with signal lights and aud-

ble alarm which indicates normal and abnormai
conditions 1n Qow. level, pressure, and temp-
erature. 1t may also shut down equipment in
anh eme rgencx‘.

VACUUM DIST!LLATION: Distillation under
reducec pressure. Ihe boiling temperature
16 therehy reduced sufficientdy to prevent
decomposition or craching of the material being
distilleq.

VACUUM LINE: A pipe line syatem for gathering

S

hydracarhor gases reieased from procvesses 3t
lov. pressure and delivering them to compres-

sQrs.

VALYYE POSITIONER: An auxiliary servo device
which enabied precision pos:tioning of a contro.
valve stem. It is used in conjunciion with a
standard valve operator (such as a Diaphragm
Motor). Its purpose is to overcome stuffing
box friction and stem thrust cauped by fNluid

pressure.

VANE: A device used to direct the Now of liquid
or gases in ducts, cyclones, etc.

VAN STONE FLANGE: A type of pipe {lange
which is slipped over a light weight pipe, and
held in pesition by flaring the pipe end, The
flange bears againat the flared portion af the
pipe.

VAPOR: Strictly, any gas above its critical
temperamre, Generally usedto designate a

gaseous substance which can be at least partly
condensed by moderate cooling ©Or compression.

VAPOR DOME: An infiatabie meshibrane uscd to
reduce vapor losses from cone roof tanks.

VAP g TOMETER: A Gas Chromatograph.

VAPOR LOCK: A condition in the fuel system
where excessive fuel vaporization interieres
with the function af one or more of the compon-
eats, usually either the fuei pump or the car-
buretos. Unseasonably high ambient temper-
atures, unusuaily volatile fueis, and poor
design of the fuel systemn aTe among the more
important fac .rs contributing to vapor lock.

VAPOR PHASE CRACKING: A cracking precess
\n which the congcilions of termperature .nd
pressure are so chesen that the cil rermains in

the vapor state during the cracking reaction.

VAPQR PRESSURST: The pressure exerted by

the vapors released from any matenal at a
given temperature, when enclosed in a vapor-
tight container.

VARIANCE . The square of the standard deviagorn,
VARIANCT ANALYSIS: The techmigue for dividing

in overal, vEriance into components belonging tc
apecif:c causes.

VENT:. Fipe or cpen:ing to pecwut the escape of
gas.
VIRGIN: Anv oil which has not been subjected Lo

cracking.

VIRGIN .GAS OlL: The gas oil cut {rom the pri-
mary gistillation, which has received no further

treatrment.

VIRGIN NAPYTHA: Naphtha which has been prod-
ucec in primary distillation and which has not
been subjecied to other refining processes -
esp. cracking.
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YARNISH: Engine dupci‘.u z=-:ved primanly
Trom contact between fue. czmmzusupern products
and the lubricant. =it 1h nature,

conta:ns appreciable guant: s of oxvpen {up
to 20%), abnd is readily ssiui.e inm Organic
salvents,

VISCORATOR: A plant type viscosimeter of the

variabie area meter type.

VISCOSITY: The messure of e internal friction
or the resistivity to fiow of a ligquid. In meas-
uring viscositnes of petroieu= products, the
vaiues af the viscosity are usuaily expressed as
the mumber of seconds in tirme required fara
certain volume of the oil to zass through a
standaré orifice under speziiies experimental
concibionsi.

VISCOSITY BREAKING: A rrTatking process
LBUMlv conducted at low craiking lemperature
(8300-8700F) to reduce the viscosity or pour
poin: of 3 heavy, virgiz fue! i, ‘

VISCOSTTY INDEX: The viacosity index is an
empitical number indicating the effect of change
of temperature on the viscos:ity of an oil. A
low viscosity index signifies a relatively large
change of viscosity with temperature, and vice
versa. By means of the viscos:ly index
functon, the steepnesas of the viscosity-temper-
ature curve of the sampie is interpolaied be-
tween that of a Pernsylvania Cil (denoted as 100
VI) and that of a Texas Coaszal Qil {denoted
0 V1), both of which reference oils bave the
sarne viscosity as the sample at 210°F,

VISTANEX: A trade name for polyisobutviene,
The poiymer is produced in sommercial grades
having moiecular weignts of 10,000 o0 300, 000,

VOLATILITY: The extent tc whiit ouls vaporize,
alsc the ease wiin which a lhiguac 1s converteq
intec a vaporous state.

WASHING: ‘'rocess of contaciuing oils with saiu-
tion, &, p.. soda waahng. &t=.

WASTE.HEZ AT BOILER: A beiier umag the beat
from. Lue gases o7 heat exchangers.

(See Drum -

WATER DISENGAGING DRUM .

Water Disengag:ing,.
WATER DRAW-OFT: The pipe near the botiom of
a storage tanr.

WATT-BEOUR METEZR: A device whigh operates
irom Lhe voilage and Curreni COMponents driv-
ing a gear train which regisiers kilowaits.
Somelimes potentid) and current taneformers
must be inserted in the metering leads if the
voltage and/or current to be measured are
above a certain level.

WEARING RING: A ring used, especiaily in
centxfugal pumps, separating Totating and
stationary parts. Close clearance between the
rings forms a throttle herween high anc low

X-RAY-
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pressure aresa within the pump. Capacity.
heac, ard efficiency are all affected by changes
ir ciearance between WeaTing ringse.

WEAR PLATE: Sheet steel installed in lines or
vesscls to provide srosion protection. Formed
to the contour of the line or veseel and norrnally
positioned with clips. May be. of stainjess ar
carbon steel. usually 3/8" to ' thiek.

WEATHERED DISTILLATE: Pressure distillate
f rom wrach the gases boiling below abaat 70°F

have been allowed to evapaorate.

WEATHERING: The loss of light material frem a
petroleumn oil by evaporanon due to exposure to

the atmosphere.

WIETF HOLE: Smmall hole drilled in reinfarcing
padt of pressure vessel attachments to show
lerkage resulting from the failure of welds
joimung attachment anc vessel. )

WEIR: Wal! or partition for maintaining a level
of Lguid. ured in bubble Lraye and reboilers.

WELDNECK FLANGE: A type of pipe flange
which is designed with the neck porgon the sarne
diameter as the pipe in order to permit welding
the flange to the pipe and thereby provide a
samooth internal surface.

WESTERN CRUDES: Crude oils of a paraffinic
nature produced in the mid-continent sections of
the United States. Lubricaung ocils made from
these crudes are distinguished by many of the
desirabie characteristics of the Pennsylvama-
type paraffin crudes, bur to 2 scmewhat lesser
exteni.

WESTPHAL BALANCE: A balance in which the
buovancy of a ficat 1s balanced by siiding weights,
1t is used for determimng the specific gravicy of
liguiés, rmineral fragments, etc.

WET CAS: A gas contaiming a relatively high
propcrtion of hycrocarbons recoverable as
liquida. ’

WIITE OILS: Generic name applied to ghly
Tetned, colorless, hydrocarbon oils, of low
volatility, and covering a wide range of viscoe-
ities. Thev are widely used for the lubrication
of food and tex::le machinery.

WHITE PRODUCTS: An obaolescent term applied
tc the more volatile petroleum producta, such as
gasoline and kerosene. Its use should be avoid-
ed since 1T can be so =asily confused with "white
oiis'.

WORFKING PRESSURE: Maxiumum pressure at
wnich equipment may be safely operated under
specified conditions of temperature, etc.

Highiy penetrating radiation similar to
FaInImMa Tays. Uniike gamem: rays, X-Tays do
not come {rom the nucleus of the atom but {rom
the surrounding electrons. Thev are produced
by eiectron bombardment.

. ﬁ%/ Sl



P

i Section [1 - C

V'xIELD: The amount of a desired product {(fre-

quently naphtha) or products obtained in e

given process expressec as & percenfige of the
feed stock. There are mmany “yields" each of
which should be speciScally defined when used.

ZYGLO: A device used for the detection of
deiects where viaual inspection by ordimary
mmesns is difficult, A fQuorescent penetrant
and ultra-vioiet light are used to reveal pur-
face defects,

a3
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ABBREVIATIONS & SYMBOLS

A.C.S.

A.L Ch.E.

A.LE.E.

A P.L
A S.C.E.

A.S. M. E.
A5, T. M.
B.S_+W,

B.t.u.
c.D.
C.F.R.
C.F.R

d/p

F.B.P.
F.Q.E,

g.Pp- .
I.B. P,

MM

American Cherm:ptry Socierty

American Instituie of Chemica:

Engineers.

American Instirute of Electrical
Engineers.

American Petroieum lnatitute

American Society of Civil Eagin-
eers,

American Saciety of Mechanical
Engineers

American Society of Tesung
Materials

Bottom sediment + water (See
Delinition)

British thermal unit {See Definition)
Calendar davy
Conrdinating Fuel Research

Capital Funds Request {See
Delinitian)

Normal hydrocarhon

Card prog ranuyning calculator
(650 C.P.C.)

Differential pressure (dp)

Di-iscbuty! phernol

Di-iscputy! phenol sulphide
Distillatian + 1oss

Difierential converter (See

‘Definition)

Final beiling point

Fuel oil equivalent (See Definition}
Gallons per fruizute

lniBal boiling peint

1scbutylene

Inches per year (See Definition)
Liguefied petroleum gas
Thousand

Million

Methyl ethyl ketone

Motor operatad valve

Mapufacturing Technical Cormmittee

N.A.C.E,

NP

P. C. Naphtha -

P.C.P.
P. p. M.
r. p. M.
R.V.P.
S.A R
SBOH
5.D.
T.C.
T.E. L.
U.s. P,

V.G. 0.

"Vv.L.P.C.

W/Hr/W

National Assecciation of Carroiion
Enginearn

Nonyi phencl
Nenyl phenol sulphide

Project basis mamo (See
Definition) -

Primme Cut Naphtha

Symbol for degree of acidity (0-7)

or Alkalinity (7-14)

. 705 E.D.P. M.

Professional Drientation Program

Parcts per million

Revolutions per minute

Reid vapar pressure

Society of Automeotive Engineers
Secondary butyl alechol

Stream Day

Technical Comrnitiee
Tetra-cthyl lead

United States Pharmacopoeia
Virgin Gas Oi

Vapor Liguid Partiton Colurmm
{Chromotog raphy)

Pounds of cil per hour per pound
catalyst hold up in Teactor

1. B. M. 705 Electromic data
processing machine
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APPENDIX B.
COMMONLY-USED REFINING TERMINCLOGY

Alkylate: The product cbtained by the acid catalyzed coupiing of light olefins, usually
propylene and butylene, with isobutane. Alkylaie is a high octane gasoiine blendmg
component.

Amorphous fluid_cracking catalyst: An amorphous catalyst, as defined in catalytic
cracking, is one which contains no crystalline molecular sieves. It generally shows no
measurable crystallinity by X-ray diffraction.

Aniline Point: The temperature at which a 50/50 mixture of the sample and freshly dis-
tilled aniline become miscible. Usually correlates with aromatics content the lower
the temperature, the mere aromatic the sample.

°AP! Gravity: Unit of weight.

AP Gravity = (141.5/(Specific Gravity 60/60°F)) - 131.5. »
API Gravity is an indication of the premium fuel preduct potential of a crude; therefore,
the higher the API, the higher the H/C ratio and hence, the more valuable the crude

Apparent Buik Density: The apparent bulk density of a catalyst sample is the partially
aerated weight of the sample divided by the volume of the sample. This is determined
by pouring a sample of catalyst through a standard funnel inte a tared graduated cylin-
der and immediately weighing without further compacting. -

Barrels: Unit of measurement - there are 42 gallons in a petroleum barrel.
BPSD: Barrels per stream day.

BPCD: Barrels per calendar day (Barels per year/365).

Battery Limits: The periphety of the area surrcunding any process unit.

Bitumen: That portion of petroleum, asphalt and tar products which will dissolve com-
pletely in carbon disulfide, CS..

Blocked Operation: Operation of a unit, e.g., a crude unit, under periodic change of
feed or internal conditions in order to obtain a required range of raw products. Blocked
operation may be required to meet critical specifications of finished products, e.g.,
lubes, selected types of coke, etc.

Bottoms: In general, the higher bo1lmg residue which is removed from the bottom ofa
fractionating column.

Bright Stock: Heavy (high viscosity, from vacuum tower bottcms) Iube oils from which
asphaltic compounds and waxy paraffins have been removed. Bright stock is a feed to
a lube oil blending plant.

Bremine Number: A test which indicates the degree of unsaturaticn in the sample.
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Bunker Fuel Oil: The heaviest fuel oils sold, often used to "bunker” ships or as power
plant fuel. ‘

c/o 1Catél151-To-Oil-Ratio): The weight ratic of the catalyst circulation rate to the com-
bined feed rate. A measure of the number of effective catalytic sites each cil particle is
exposed to; hence severity of catalytic action. Usually considered to be a dependent
variable. | '

Catalyst: A substance that enhances a chemical reaction without itself being chemi-
cally changed.

Cetane Index: An approximation of cetane number based on API gravity and mid-
beiling point (AP Gravity x 50% TBP).

Cetane Number: A measure of the igniticn quality of a diesel fuel, relative to that of a
standard reference fuel. Higher numbers indicate better quality over the range of about
30-65.

Clay Treating: An elevated temperature and pressure process usually applied to ther-
mally -cracked naphthas to improve stability and color. The stability is increased by the
absorption and polymerization of reactive pclyunsaturates, traces of condensed aro-
matics, ete. in the cracked naphtha.

Cloud Point: A standard laboratory test which measures the temperature in °F at which
an oil sample develops a haze from solid waxy crystalfites. A rough indicator of wax
content.

Coke: A mixture of high-molecular weight, hydrogen-deficient polymers and carbon
formed in the reactor, plus any unstripped oils present on the catalyst as it enters the
regenerater. ) -

Conradson Carben_Residue (CCR): The weight percent of carbonaceous material re-
maining after a standard laboratory destructive distillation of the sample. CCR is an in-
dication of the heavy fuel cil and asphalt potential of crudes. A value of about 0.25 or
lower usuzlly indicates a feed that has a low coke forming tendency.

Condensate: The liquid proeduced when hydrocarbon vapors are cooled.

Contaminants: Heavy metais (Ni, Cu, V, Fe), sulfur, nitrogen' and oxygen are naturally
oceurring contaminants in crude oil.

Cracking: The breaking down of higher molecular weight hydrocarbens to lighter com-
_ ponents by the appfication of heat. Cracking in the presence of a suitable catalyst pro-
. duces an improvement in the product yield and quality over simple thermal cracking.

Cut: Same as fraction. Boiling temperature range of a product.

Cycle Qils: Middle distillate cils available for, but not necessarily used as, recycle in
FCC for further processing.

Cylinder stock: Viscous petroleum oils obtained as residues in the distillation of crude
petroleum. Used for preparation of bright stock and steam cylinder oils.

Deasphaited Oil (DAQ): Heavy distillate, such as vacuum bottoms, which has been

- a
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solvent extracte~ for removal of high mciecular weight (asphaltic) compounds and
metal contaminz-1ts. Often the solvent is propane, and the product is known as Pro-
pane Deasphatt=2 Oil (PDA oil). Propane deasphatting, also called Propane Decarbon-
izing, is often us=d to increase the feed to a cat cracker by removing the paraffinic ma-
terial from vacuL:T bottoms and including it in cat cracker feed. :

Decanted Qil (C'2): The clear overhead product that is decanted from the fractionator
bottoms in the sizmy settler. of an FCC unit. Slurty settier bottoms, containing catalyst
fines are continuxusly recycled to the FCC reactor. Decanted oil is normally blended or
soid directly as ~-2avy fuel oil. DO is also termed clarified sturry oil (CSO).

Deep-Hydroger=—ion: Very high pressure hydrogenation which hydrogenates signifi
cant amounts of zromatics to their corresponding naphthenes. .

Desalting: A precess for removal of brine from crude oil (usually an electrolytic settling
system) prior to zrimary distillation.

Dewaxing: The removal of wax from lubricating oils, by chilling and filtering, by a sol-
vent process, or catalytically.

Diesel Fuels: Ligait fuel oils, usually boiling in the range of 375-650°F, with specifica-
tions on cleanlin=ss, ignition quality, low-temperature fiuidity and volatifity.

Diesel Index: Ar approximation of the cetane number of diesel fuel. D! = (Aniline Point
x API Gravity)/1C0. Higher numbers are indicative of better burning qualiity.

Doctor Test: A method for determining the presence of mercaptan sulfur in petroleum
products. This test is used for products in which a "sweet" odor is desirabie for com-
mercial reasons, especially naphthas. ‘ .

Dry Gas: H,, C,, C, product - usually used as fuel gas.
End Point: Upper temperature limit of a distillation. ,

Endothermic Rezction: A reaction in which heat must be added to maintain reactants
and products at a constant temperature. Cracking and reforming reactions are endo-
thermic.

Exothermic Reaction: A reacticn in which heat is evolved. Alkylation, polymerization,
oxidation, and hydrogenation reactions are exothermic.

Equilibrium Catzlvst: The circulating catalyst in the fluid catalytic cracking (FCC) unit is
termed "equilibrium” catalyst. In a strict sense it is not at "equilibium” until it reaches a
consistent level of activity, surface properties and metals on catalyst, as centrolled by
the regular fresh catalyst addition rate and equilibrium catalyst removal rate (losses
and withdrawals).

FBP: The final boiling point of a cut in Fahrenheit degrees, usually on an ASTM distilla-
tion basis. - '

Fixed Bed: A static bed of catalyst particles, e.g. beads, extrudates, eicC.

Fixed Carbon: The organic pertion of the residual coke obtained on the evaporation to
dryness of hydrocarbons products in the absence of air.

Pa——w- Page 48 ' _
'~ SHO-20Y



Filash Point: Standard laboratory test that measures the oil temperature at which the
vapor above the sample will flash if subjected to a flame.

Fluidized Bed: A bed of catalyst aerated to or just above the point where ali particles
are in free but suspended motion in the aerating medium.

Eree Carbon: The organic matter in tars which is insoiuble in carbon disulfide, CS,.

Freeze Point: Temperature at which a liquid soildlﬁes ie., hydroczrbon crystals are
formed.

Fresh Catalyst: Unused catalyst as purchased from the manuiacturer.

Fuel Oils: Any of a large number of heavier distillate products, usually bmhng above
430°F.
Euel Qil Equivalent (FOE): The heating value of a standard barrel of fuel cil, equal to

6.05 x 10” B.T.U. On a yield chan, dry gas and refinery fuel gas are usually expressed
in FOE barrels.

FVT: The final vapor temperature of a cut, in Fahrenheit degrees. Boiling ranges ex-
pressed in this manner are usually on a crude assay true boiling point basis.

Gas Qii: That material boiling within the general range of 330-750°F. This range usu-
ally includes kerosene, diesel fuel, heating oils, and light fuels oils. Actual initial and
final cut points are determined by the specifications of the desired products.

Gasolme Usually the cat-cracked product boiling in the range of C.-430°F (TBP) Also
-called "Debutanized Gasoline” or "Stabilized Gasoline.” May also be expressed as cut
to other end points or to a 10# Reid vapor pressure gaseline.

Gum: Heavy polymers or resins formed in light petroleum prbducts during heating or
exposure to oxygen in storage. A variety of standard laboratory tests are used to
measure gum-forming tendencies of petroleum products.

Hard Facing: An extra hard material (metal or ceramic) used in critical areas, such as
- FCC slide valves, to decrease wear and extend run times.

Heart Cut Recvcle: That unconverted portion of the catalytically cracked material which
is recycled to the catalytic cracker. This recycle is usually in the boiling range of the
feed and by definition, contains no bettems. Recycle allows less severe operation and
_ suppression of the cracking of desirable products.

Heavy Cycle Oil (HCO): Usually refers to the 650°F" gaé oil recycled to the cat cracker.
Can also be taken to a heavy fuel product, such as No. 6 (industrial).

Heavy Virgin Naphtha (HVN): Naphtha distilled directly from the crude, usual'ly fed to
catalytic reforming for octane improvement. The usual boiling range is 200-410°F.

Hydrogenation: A high pressure, high temperature catalytic process for sulfur and ni-
trogen removal and saturation of clefinic or aromatic bonds.

Hydrogen Transfer: An intermalecular transfer of hydregen — usually via hydride ions.
A typical example is the transformation of olefins — in the presence of 2 strong acid
catalyst — into hydrogen-rich paraffins and hydrogen deficient products such as aro-
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matics and coks.
IMP: Initial boiling point of a cut, usually on an ASTM distillation basis.

Mz Initial vapor temperature of a cut in Fahrenheit degrees, usually based on a crude
_assay distillation. :

Isomerate: The product of an isomerization procesé.

Jet Fuels: Light to middle distiliate products. Most grades inciude materal boiling in
both the gasoline and kerosene range (160-450°F) and have specifications relating to
burning quality, freezing point and gum formation. :

Kerosenes: Middie distillate products usually boiling in the range of 350-500°F with
specified burning properties.

Kinematic Viscosity: A measure of a fiuid's resistance to flow. Determined by measur-
ing the time it takes a fixed volume of fluid to flow through a capillary tube.

Light Cvcle Qil (LCO\: A product from the cat cracker beiling in the range of approxi-
mately 430-650°F. LCO is usually blended into No. 2 domestic heating oii and diese!

fuels. ,
Light Ends: Light gaseous products, usually C, and lighter compounds.

Light Virgin Naphtha (LVN): A light soivent-type naphtha distilled from the crude, usu-
ally boiling about C5-215 F. May be used as a scivent or inciuded in the gasoline pool
following desulfurization. Usually has a relatively good octane.

Lining: A protective coating on equipment intemals, used to minimize the effects of
erosion or heat (see Refractory).

Liquefied Petroleum Gas (LPG): C,, C,~, C,, C,” or mixtures of these; stored under
moderate pressure to ensure liquidity; ¢lean burning fuel.

.Mid Boiling Point: That temperature, usually based on a crude assay distillation, at
which one-half of the material of a cut has been vaporized.

Mid Per Cent Point: The vapor temperature at which one-half of the material of a cut
has been vaporized. Mid per cent point is often used to characterize a cut in place of
temperature limits.

Middle Distillates: Atmespheric crude unit cuts boiling in the range of 300-70C°F. The
exact cut is determined by the specifications cf the products. :

Motor Octane Number: indicates the knocking characteristics of gasoline as deter-
mined in a laboratory Cooperative Fuel Research (CFR) engine by a standardized test
method (ASTM Manual of Engine Test Methods). The mctor test method can be con-
ducted in the same laboratory engine as the research test methed (See Research Oc-
tane Number) by making certain adjustments to the motor. Different operating var-
ables are employed in the mator methed including a higher engine speed of 8c0 rpm
{vs. 800 rpm). For a description of the general test method used in-both tests and dit-
ferences in the levels of octane, see Research Octane Number. -

Naphthas: Any of an enormcus number of light petroleum distillates, usuaily in the boil-

'_—-. Page 50 51—){5.- 240 L



.ing range of C.-420°F.

Naphthenes: A ganeral term applying to any of the cyclic, saturated compounds found
in petroleum; cycloparafiins.

Neutralization Number: The quantity of acid or base which is required to neutralize all
basic or acidic cocmponents present in a specified quantity sample. This is a measure
of the amount of oxidation that has cccurred to a product while in storage or in service.

Octane Number: A measure of the antiknock properties of a gascline, relative to that
of a standard reference fuel.

Overcracking: Cracking of hydrocarbon molecules beyond the degree desired.

Penetration (Asphatt): Method for determining the consistency of asphalt. A weighted
needle is positicned at the surface of the sample and allowed to penetrate, by gravity,
for a specified time. The penetration is measured in tenths of a millimeter. O=Hard,
250=Soft.

Pipestill: A heater or furace containing tubes through which oil is pumped while being
heated or vaporized. Pipestills are fired with waste gas, natural gas, or heavy oils, and
by providing for rapid heating under conditions of high pressure and temperature, are
useful for thermal cracking as well as distillation applications.

Plug Flow: Catalyst or fluids moving concurrently at equal velocities cor at least with a
relatively flat velocity profile.

Polymer Gasoline: The preduct obtained by the acid-catalyzed polymenzanon of light
olefins (C;” + C[) Although a simpler process than alkyiation, the product is only
about 80 octane. |t is not cumrently used, therefore, where alkylation capacity permits
better use of light olefins.

Polymerization: The combination of two or more molecules to form a molecule of
higher molecular weight. Propylenes and butylenes are the primary feed material for
refinery polymerization processes which use solid or liquid phosphoric acid catalysts.

Pore Voijume: The void volume in an individual microsphere of catalyst. The pore vol-
ume is usually determined by either nitrogen adsorpnon or by water saturation and is
reported in cubic centimeters per gram.

Pour Blending Index (PBI): An empirical quantity related to pour point which aflows
volumetric blending of pour points of various blend components. This method of biend-

ing is most accurate for biending of similar fractions of the same crude.

Pour Point: A standard laboratory test which measures the estimated temperature at
which a cooled oil sample will still move or "pour”. Pour point is 5°F higher than the
temperature the sample stops flowing. A rough indicator of wax content.

Raffinate: The residue recovered from an extraction process. One extraction process is
the SO, extraction of raw kerosene. The SO, raffinate is relatively free of aromatics
and other impurities which have poor burning cnaractenstlcs Furfural extraction to pro-
duce lubestocks is another extraction process.

Reconstituted Crude: A crude to which has been added some other specific crude irac-
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tion for the purpose of meeting some product volume unattamable with the original
crude.

‘Reduced Crude: A crude whose API gravity has been reduced by distillation of the
lighter lower boiling constituents, ie., an atmospheric resid.

Reformate: Product from a catalytic reformer, usually a 20-105 octane aromatic naph-
tha boiling in the gasoline range. Specific reforming processes often add their trade
name to the preduct.

Refractory: Insulation placed an the insides of vessels to prevent damage by high tem-
peratures.

Refractory Feed: A feed that is difficult or impassible to crack catalytically. Recycle to
the cat cracker is more difficult to crack than the fresh feed, hence it is a refractory
feed. Polynuclear aromatics are examples of refractary molecules.

Reid Vapor Pressure: A laboratory test which measures the vaper pressure of a naph-
tha, usually gasocline, at 100°F. Important for starting characteristics of motor fuels,
safety in transport and storage, and tendency to cause vapor lock in gasolme feed sys-
tems.

Research Octane Number: Measrues the knocking characteristics of gasoiine as deter-
mined in a laboratory Cooperative Fuel Research (CFR) engine by a standardized test
method (ASTM Manual of Engine Test Methods). Both the research test method and
the motor method (See Motor Octane Number) use the same motor but certain adjust-
ments must be made to the motor to comply with each test. Also, different engine oper-
ating variables are used for each test; for example, the motor speed used in the re-
search test is 600 rpm compared to 900 rpm in the motor test: The octane number of a
gasoline sample is found by blending n-heptane (0 octane) and isooctane (100 octane)
in the proper proportions to produce the same knock intensity in the motor as the sam-
ple. The percent of isooctane in the blend is then taken as the octane number. Gener-
ally, higher octane numbers are found by the research compared to the motor method
- for the same gasoline sample. Increased differences in octane are found by the 2
methods when large proportions of olefins and aromatics are contained in the gasoline.

Residuum (Resid): The heavy, high boiling material remaining after a distillation (can
refer to product of atmospheric or vacuum distillation).

Road Octane Number: The road octane number of a gascline is determined in spe-
cially equipped automobiles for this purpose under actual road conditicns. Actual road
testing is the best way cf obtaining the true knock characteristics of the gasoline. It has
been found that the rcad octane number correlates much more closely to the motor
ectane number than the research octane. For example, Riegel of Du Pont reported the
following: . :

1970 Cars — Automatic Transmission

Road Octane = 0.208 R + 0.792 M + 4.01

R = Research Octane M = Motor Octane

Selectivity: The term selectivity is applied to describe the ability of a catalyst to opti-
mize desired yields. For example, in FCC, a catalyst having "good selectivity” means
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one that produces high gasoline yields, low coke yields and low gas yields (currently
desirable products). The catalyst is then said to have good gasoline, coke and gas se-
lectivity. Certain catalysts may alsc be described as being light olefin selective,”
meaning they enhance yields of C,~ + C,~ for alkylation feed.

Sensitivity: The difference between the unleaded "research” octane number and the
unleaded "motor” octane number of gascline or its components (e.g. alkylate, refor-
mate, etc.) is called sensitivity. Gasoline high in olefin content has a high sensitivity.

Service Factor: A quantity which relates the actual on-stream time of a unit to the total
time available fcr use. Service factors inciude both expected and unexpected unit shut--
downs.

Severity: The degree of intensity of the operating conditions of a process unit. This
usually can be related to temperaturetime exposure. Severity may be indicated by re-
search octane number of the product, per cent yieid of the product, or operating condi-
tions alone.

Slack wax: The wax extracted from light to heavy neutral lubes by solvent dewaxing.

Slurry Oil: The FCC's fractionator bottoms cil/catalyst slurry that is recycled from the
bottom of the slurry settler to the reactor riser. The catalyst is concentrated as it settles
in the bottem of the slurry settler. Often a slip stream of HCO is used as an aid in flush-
ing the concentrated fines slurry to the riser.

Smoke Point: The point is measured in a kerosene lantern type apparatus. A reservoir
of fuel is fitted with a wick that can be cranked up or down to vary the flame size and
wick length. The smoke point is a measure of how far the wick can be cranked up be-
fore the smoke is visible above the flame. The smoke point is equal to wick length in
milimeters. Smoke point is an indication of arometicity of oils, i.e., the lower the smoke
peint, the more aromatics in the sample.

Softening Point: Temperature at which an object with standard weight and shape will
start to sink into asphait.

Sour or Sweet Crude: a rather general method for classifying crudes according to sul-
fur content.

Sour Crude: a crude which contains reactive sulfur in amounts greater than 1%; a
crude which contains 0.05 cu. ft. or more of hydrogen sulfide (H,S) per 100 gal., ex-
- cept West Texas crude, which is aiways considered sour regardless of its hydrogen
sulfide content; a crude oil containing hydrogen sulfide and other sulfur COmMpounds.
Arabian crudes are high sulfur crudes which are not considered sour because they do
not contain highly reactive sutfur compounds.

Soace Velocity (Volume): The val./hr. (at constant conditions) of feed to a reactor, di-
vided by the volume of catalyst in the reactor. Abbreviated as V/Hr./V or VHSV. Usu-
ally used as a variable in fixed bed processing, such as reforming or hydrotreating.

Space Velocity (Weight): The Ibs/hr of total feed (fresh feed plus recycle) divided by
the total pounds of catalyst holdup in the reaction zone. Abbreviated as W/Hr/W or
WHSV.
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Specific Gravity: Weight of the compound/Weight of water at the same temperature.

Spindle Qil: Low viscdsity jubricating oil for lubrication of relatively high speed machin-
ery.
Stability (Cataivst Stability): The ability of a catalyst to withstand the physical and

chemical deactivation that occurs during use. The type of stability is usually specified;
i.e., thermal or hydrothermal stability.

‘Straight-Run: A virgin material cut directly from the crude, without intermediate proc-
essing. A straighi-run naphtha (SRN) and a virgin naphtha are synonymous.

Surface Area: The total surface area of a catalyst sample, including the area inside the
pores. The surface area is determined by nitrogen adsorption and is reported in square
meters per gram.

Sweet Crude: as evident from the definitions of sour crude, a sweet crude contains lit-
tle or no dissclved hydrogen sulfide and relatively small amounts of mercaptans and
other sulfur compounds.

Sweetening: Any cf the mény processes that remove sulfur from petroleum products.

Tail Gas: light gases, C,-C, and hydrogen, produced as a by-product of refinery proc-
essing.

Theoretical Plate: a theoretical contacting unit useful in distillation caleulations. Vapors
and liquid leaving any such unit are tc be in equilibrium under the conditions of tem-
perature and pressure which apply. An actual fractionating tray or plate is generally
less effiective than a theoretical plate. The ratio of the number of theoretical plates re-
quired to perform a given distillation separation to the number of actual plates used
gives the tray efficiency of the fractionator.

Thermal Cracking: A high temperature, non-catalytic cracking process, now used only
to a minor extent. .

Topping: remeval of the light products from crude oil by distillation (usually through
gasoline boiling range), leaving in the bottoms product all heavier constituents.

Torch Qil: Torch oil (often No. 6 fuel cil or hot decanted oil when availabie) is primarily
burned to heat the catalyst in the FCC regeneratcr to the proper temperature during
start-up, before feed introduction. In some cases, however, it is used on a continuous
basis as a means of supplying heat to the system in order to maintain a desired regen-
erator temperature (and/or reactor temperature and catalyst circuiation rate). This .
practice always causes some thermal deactivation of the catalyst, and if the torch oil is -
not properly dispersed through spray nozzles, the total unit inventory can be badly and
permanently damaged. '

Treat Gas: light gases having a high hydrogen content which are used in refinery hy-
drotreating processes such as cataliytic reforming and hydrodesulfurization. The treat
gas for hydrodesulfurization is usually ¢f "3s obtained from catalytic reforming.

True Boiling Point (TBP) Distiliation: A :. .itiple-plate, high refiux laboratory fractiona-
tion, which actually measures the true boiling peints of the compcnents contained in an
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oil sample. Often requires a vacuum distillation with temperatures corrected to atmos-
pherc pressure.

Tube Still: see Pisestill.

Vapor Pressure: A measure of a liquid’s volatility. It is the pressure that must be kept
on a liquid to keep the liquid from vaporizing.

Virgin Products: Those products separated from the crude oil by distillaticn only.

Viscosity: the property of liquids which causes them to resist instantaneous change of
shape or instantaneous rearrangement of their parts due to internal friction. Viscosity is
generally measured as the number of seconds, at a definite temperature, required for a
" standard quantity of oil to flow through a standard apparatus. Common viscosity scales
in use are Saybott Universal, Saybolt Furol, Kinematic, Absolute (cp) and Redwood !

Volatifity Factor: an empirical quantity which indicates good gasoline performance,
volatility-wise. It involves actual automobile operating conditions and climatic factors.
Volatifity factor is generally defined as a function of RVP, % off at 158°F, and % off at
212°F The factor is an attempt to predict the vapor lock tendency of a gasoline.

Waste Heat Boilers: Heat exchangers which use the sensible heat of flue gases for
steam generaticn.

Wax: High beiling straight-chain or slightly branched chain hydrocarbons, sciid at room
temperature, with meting points in the range of 105-185 F.

Weight Hourly Space Velocity: (See Space Velocity) .
Zeolite Fluid Cracking Catalyst or Molecular Sieve Fiuid Cracking Catalvst: A fiuid

cracking catalyst, containing a crystalline alumino-silicate of the "X or ™Y™ type. These
compounds are also referred to as zeclites or molecular sieves.
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- APPENDIX C.

REFINERY ACRONYMS

AHGO Atmospheric Heavy Gas Qil

APl AP! Gravity

APS Average Particle Size

ART Average Reactor Temperature also
Asphalt Residual Treating

ASTM American Society for Testing and
Materials (Test Methods)

ATF Automatic Transmission Fluid

ATM Atmospheric

BB Butene/Butane

BBL Barrel

BPD Barrels per Day

BPCD Barrels Per Calendar Day

BPSD Barmrels Per Stream Day

BS Bright Stock :

CCR Conradson Carbon Residue or
Continuous Catalytic Reformer

CFR Combined Feed Ratio

CGO Cracked Gas Oil

CHD Catalytic Hydrodesulfurization

Cl Cetane Index

CN Cetane Number

c/O Catalyst Te Qil Ratio

Cso Clarified Slurry Oil

cw Cocling Water

DAGO Deasphatted Gas Qil

DCF Discounted Cash Flow

DEA Diethanolamine

DGA Diglycolamine

DI Diesel Index

DIPA Diisopropanclamine

DWO Dewaxed Oil

DP Differential Pressure

EB Ethyl Benzene

EP - End Poirt

ERT Equivalent Residence Time

el Page 56
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FBP Final Boiling Peint

FCC Fiuid Catalytic Cracking

FOE Fuel Qil Equivalent
GASCON Gas Concentration Unit

GC Gas Chromatography

G+D Gasoline Pius Distillate

GPM Gallons Per Minute

HAGO Heavy Atmaspheric Gas QOil
HC Hydrocarbon _

HCGO Heavy Coker Gas Qi

HCO Heavy Cycle (Catalytic Cracked) Qil
HDC Hydrocracker

HDF Hydrcfinisher

HDS Hydro-Desulfurization

HDT Hydrotreater

HDT/FCC Hydrotreating/Fluid Catalytic Cracking
HDW Hydrcdewaxing

HF Hydrefluoric Acid

HFO Heavy Fuel Oil

HGO Heavy Gas Qil

HN Heavy Neutral

HOC Heavy Qil Cracking

HOD Heavy Gas Qil Desulfurization
HP High Pressure

HP/HDT ‘High Pressure Hydrotreating
HPS High Pressure Separator
HTS High Temperature Separator
HVGO Heavy Vacuum Gas Qil

HVN Heavy Virgin Naphtha

HVY Heavy

IBP Initial Boiling Point

ISOM Isomerization

LCGO Light-Cycle (Catalytic Cracked) Gas Qil or Light Coker Gas Qil
LCO Light Cycle Qil

LETGO Light East Texas Gas Qil
LFO Light Fuel Qil

LGO Light Gas Qil

LHDC Lube Hydrecracking

LHDT Lube Hydretreating

LHSV Liquid Hourly Space Veloctty
LN Light Neutral

LNG Liquid Natural Gas

LP Low Pressure

LPG Liquefied Petroleum Gas
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LT
LSEN
LV
LVGO
LVN

MAIN COLUMN

MBPCD
MBPD
MBPSD
MCB
MDDW
MDEA
MDO
MEA
MEK
MHAP
MHTI
MiDW
MIL SPEC
MLDW
MMSCF
MMSCFD
MOG
MOGD
MP
MPHC
MSDB
MTBE
MTG
MTO
MTDP
MVGO
MVPI
MW

NCS
NGL

OCTANES:

FEON(R-100)

MON
RON
OVHD

PA
PCS
PDA

Light .

Light Straight Run Naphtha
Liquid Volume

Light Vacuum Gas Oil
Light Virgin Naphtha

Distillation Column following FCC Reactor
Thousand Barrels Per Calendar Day
Thousand Barrels Per Day

Thousand Barrels Per Stream Day

Main Column Bottoms

Mobil Distillate Dewaxing unit
Monodiethanolamine

Marine Diesel Qil

Menocethanolamine

Methyl Ethyi Ketone (dewaxing process)
Mobil Heavy Aromatics Processing
Mobil High Temperature Isomerization
Mobil iscmerization Dewaxing

Miltary Specification

Moebil Lube Dewaxing Process

Million Standard Cubic Feet

Million Standard Cubic Feet Per Day
Mobit Olefins to Gasoline

Mobil Olefins to Gasoline and Distiliates
Medium Pressure .
Medium Pressure Hydrocracking .

Mobil Material Safety Data Bulletin
Methyl Tertiary Butyi Ether

Methanol Te Gasoline process

Methanol To Olefins

Mabil Toluene Disproportionation
Medium Vacuum Gas Qil

Mabil Vapor Phase Isomerization
Maobil Wax Hydroisomerization

Naphthenic Cylinder Stock
Naturai Gas Liquids

Front End Octane Number
Motor Octane Number
Research Octane Number
Qverhead

Pump Around
Paraffinic Cylinder Stock
Propane Deasphalting process
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PET
pH
PONA
PPB
PPM
Pr1r
PSIA
PSIG
PtR

RAFF
RCC
RDC
RDS
RESID
RPM
RSH
RVP

SCFB
SCFD
SO
SDA
SDW
SG
SNB
SNG
SNN
SPB
SPN
SRLGO
SSC
STB
SUS

TEA
TBP
TCC
T/D
TDI
TK
TPR
TPSD
v

VAC
VAC BTM

Paraethyftoluene

Degree of Acidity {0-7) or Alkalinity (7-14)
Paraffir/Olefins/Naphthenes/ Aromatics
Parts Per Billion

Parts Per Million

Pretreater

Pounds per Square Inch Absolute
Pounds per Square Inch Gauge

Catalytic Reformer

Raffinate

Reduced Crude Conversion

Rotating Disc Contactor

Resid Desuifurization

Residuum

Revoiutions Per Minute

General Formula for Mercaptan Sulfur
Reid Vapor Pressure

Standard Cubic Feet per Barrel
Standard Cubic Feet per Day
Stream Day

Solvent Deasphatting Process
Solvent Dewaxing

Specific Gravity

Soivent Naphthenic Bright Stock
Substitute or Synthetic Natural Gas
Solvent Naphthenic Neutral
Solvent Paraffinic Bright Stock
Solvent Paraffinic Neutral
Straight Run Light Gas Oit
Shape Selective Cracking

Syn Tower Bottoms

Saybolt Universal Seconds

Tertiary Butyl Alcohol

True Boeiling Peint

Thermofor Catalytic Cracking Process
Tons Per Day

Temperature/Dosage Interchange
Tank

Throughput Ratio

Tons Per Stream Day

Total Volatility

Vacuum
Vacuum Bottoms
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VB Visbreaking

VGO Vacuum Gas Qil or Virgin Gas Oil
VHGO - Vacuum Heavy Gas Oil

Vi Viscosity Index

VPBI Vaper Pressure Blending lndex
wCP Whole Crude Properties

WHSV Weight Hourly Space Velocity
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General Profile

The U.S. Petroleum Industry: Past as Prologue, 1970-1992, Energy Information Administration,
September, 1993. (DOE/EIA-0572)

Petroleum: An Energy Proﬁle Energy Information Administration, August, 1991. (DOE/EIA-
0545(91)

U.S. Industrial Qutlook 1994, Department of Commerce.

1992 Census of Manufacturers Preliminary j%eport Industry Series: Petroleum and Coal
Products, Bureau of the Census, June 1994. (MC92-1-29A(P))

Process Descriptions

Petroleum Refining - Technology & Economics, Gary & Handwerk, 3rd Edition, Marcel Dekker,
Inc., New York, N.Y.-1994.

Petroleum Refining for the Non-Technical Person, .an ed., William L. Leffler, PennWell
Publishing Company, Tulsa, Oklahoma, 1985.

Handbook of Petroleum Refining Processes, Meyers, R.A., McGraw-Hill Book Company, New
York, 1986.

Petroleum Refining Distillation, Watkins, R.N., Gulf Publishing, Inc., Houston, TX, 1979.

Petroleum Refinery Enforcement Manual, U.S. EPA Office of Enforcement, by PEDCo
Environmental Inc., Arlington, Texas, March 1980. EPA-340/1-80-008..

Release Profiles

Comptlatzon of Azr Pollutant Emission Factor: 3rd ed., Ch. 9, Willilam M. Vatavuk, August
1577.

Assessment of Atmospheric Emissions from Petroleum Refining, R.G. Wetherold, Radian
Corporation, Austin, Texas and U.S. EPA, Office of Research and Development, Washington,
DC, April, 1980, (EPA-600/2-80-075¢)

Petroleum Industry Environmental Performance, Third Annual Report, American Petroleum
Institute, Washington, DC, 1995.
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Petroleum Refinery En;orcement Manual, U.S. EPA Office of Enforcement, by PEDCo
Environmental Inc., Arlnigton, Texas, March 1980. EPA-340/ 1-80-008.

Hazardous Waste Generation: 1. Petroleum Refining, U.S. EPA, Office of Solid Waste, January
1994, '

Amoco - U.S. EPA Pollution Prevention Project, Yorktown, Virginia, Project Summary, U.S.
EPA, January 1992.

The Generation and Mcnagement of Wastes and Secondary Materials in the Petroleum Refining
Industry: 1987-1988, American Petroleum Institute, February 1991. (API Pub. no. 4530)

Generation and Management of Wastes and Secondary Materials: Petroleum Re fining
Performance, 1989 Sur-ey, American Petroleum Institute, June 1992. (API Pub. no. 303)

Generation and Managzment of Wastes and Secondary Materials: Petroleum Refining
Performance, 1990 Survey, American Petroleum Institute, August 1993. (API Pub. no. 324)

Generation and Management of Wastes and Secondary Materials: Petroleum Refining
Performance, 1991 Survey, American Petroleum Institute, May 1994. (API Pub. no. 329)

Toxics Release Inventory, Public Data Release, 1992, U.S. EPA, Office of Pollution Prevention

" and Toxics, April, 1994 (EPA 745-R-94-001)

Dioxin and Furans - A Primer: What They Are and How to Measure Them, American Petroleum
Institute, Washington, DC, March 1990.

Refinery Wastewater Priority Pollutant Study - Sample Analysis and Evaluation of Data,
American Petroleum Institute, Washington, DC, December 1981.

Environmental Design Considerations for Petroleum Refining Crude Processing Units,
American Petroleum Institute, February 1993. (API Pub. no. 311)

Pollutioﬁ Prevention

Hazardous Waste Minimization: Part V Waste Minimization in the Petroleum Industry, Leefnan,
JE., JAPCA 38, no. 6, June 1988. '

Waste Minimization in the Petroleum Industry a Compendium of Practices, American Petroleum
Institute, November 1991. (API Pub. no. 3020) '

Amoco - U.S. EPA Pollution Prevention Project, Yorktown, Virginia, Project Summary, U.S.
EPA, January 1992.
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Case Study: Ident;'jjzing Poll-ution Prevention Options For a Petroleum Refinery, Balik, J.A., and
Koraido S.M., Poilution Prevention Review, Summer 1991.

New Catalyst Designs Meet Environmental Challenges of the 1 990's, Corbgett, RE, Q_ll_&_(j':as
Journal, October 1, 1990.

Dry Scrubber Reduces SO, in Calciner Flue Gas, Brown, G.W., Roderick, D., and Nastri, A., Qil
& Gas Journal, February 18, 1991.

Innovative Improvements Highlight FCC's Past and Future, Avidan, A.A., Edwards, M., Owen,
H., Oil & Gas Joumnal, January 8, 1990.

Pollution Prevention: Strategies for Petroleum Refining (Fact Sheet), Center for Hazardous
Matenals Research (CHMR), Pittsburgh, PA

- Pollution Prevention Opportunities in Petroleum Refining (Fact Sheet), U.S. EPA Region III,
Philadelphia, PA, October, 1990.

Pollution Prevention Opportunities Checklists, County Sanitation Districts of Los Angeles
County, January 1991.-

Regulatory Profile

Sustainable Environmental Law, Environmental Law Institute, West Publishing Co., St. Paul,
Minn., 1993.

Issues Affecting the Refining Sector of the Petroleum Industry, Hearings Before the Committee
on Energy and Natural Resources, United States Senate, Washington, DC, May 19, 1992,
Cheyenne, WY, May 28, 1992, U.S. GPO, Washington, DC, 1992.

Costs to the Petroleum Industry of Major New and Future Federal Government Environmental
Requirements, American Petroleum Institute, Washington, DC, October 1993. (API Discussion
Paper #070R)

U.S. Petroleum Refining: Meeting Requirements for Cleaner Fuels and Refineries, Volumes I-
VI, National Petroleum Council Committee on Refining, U.S. Department of Energy, August
1993.

U.S. Petroleum Strategies in the Decade of the Environment, Williams, Bob, Penn Well Books,
Tulsa, OK, 1991.

Environmental Related Issues Taking Their Turn in Restructuring Industry, Williams, Bob, Qil &
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CHAF;TER 7
AUDITING GAS MONITORING SYSTEMS

After 2 CEM system has been installed and certified, the plant management and control agency expect
valid data from the systam. Unless a CEM system QA pregram is instituted by the plant, this expectation
€annot be met. A QA program is a management program that assures that QC activities, such as
preventive maintenance, calibration activities, and periodic audits, are performed. This chapter will focus
on one aspect of QA, the audit, while leaving the detailed discussions of QA programs for Chapter 12.
CEM systems audh procedures will be discussed in this chapter and in Chapter 10 (Auditing
Transmissometer Systems). .

An audit is a review of the CEM system by a team or individual not responsible for its day-to-day
operations. Gas monitoring systems can be audited as part of an agency source inspection, an intemal
plant CEM QA program (such as that mandated by 40 CFR 60, Appendix F), or as part of a corpotate
environmental audit. Each of these activities will have different objectives, but they do have cne principal
objective in common—determining how well the systemn works.

Two basic sets of audit procedures can be applied to continuous gas monitoring Systems: (1) the
Systems audit and (2) the performance audit A systems audit is a qualitative evaluation that would
normaily be conducted by a state agency inspector ora corporate environmental auditor. The operational
status of the monitoring system is evaluated, and records and data are reviewed. This is not a hands-on
audit, but an inspection of System operations and system management practices.

A performance audit is a quantitative evaluation and is more detailed than a systems audit. It would
normaily be conducted by a trained agency inspectar, a source testing contractor, or plant QA personnei.
The perfarmance audit invoives testing the system using EPA manual reference methods, alternative
reference metheds, certified cylinder gases, or other audit materials (such as calibrated fiters or standard
solutions). This audit requires a set of audit equipment and materials and is a hands-on activity. Its
purpose is to provide a quantitative assessment of problems that might affect the accuracy of the system.

_In auditing, the use of the word ‘inspector* often becomes confusing. A CEM system operator will

routinely inspect the system but cannot audit it, because an auditor is someone who is independent from
the system's routine operation. Agency personnel who visit a plart to review control equipment
performance and CEM system operations are commonly termed ‘agency inspectors,” but they are actuaily
auditars whe obtain an independent assessment of plant environmental compliance. The thoroughness
of the audi will depend on how much the auditor knows. An understanding of the material in this manual,
combined with experience gained in the field, shouid enable the auditor to note problem areas and
inconsistencies in a CEM instailation.

BHB-22.5"

Auditing Gas Monitoring Systems 155




SYSTEMS AUDIT PROCEDURES

Systems auditing is a skill that requires a goed technical background, good interpersonal skills. and
‘sleuthing® capabilities. Auditing can be tedious, particularty when reviewing data and records and when
gitempting to corroborate conflicting data. It can also be intimidating. Meeting with personne! at various
levels, from the technician to the plant manager or corporate vice presidert, is stressful, especiaily when
the audit is seen as intrusive. But a well-conducted systems audtt will give plant management and the
control agency an indication of how the CEM program is operating. It will also give an indication of the
level of confidence that can be given to the data.

Agency inspections of system procedures can be conducted on several levels; the CEM systems audit
corresponds to a Level Il inspection (e.g., Nazzaro, 1986). The list below illustrates the relationship of a
Level Il inspection to other enforcemem inspection levels.

Inspection Levels in Agency Enforcement Programs

¢ Level|l -~ Excess Emissions Report Review
Level Il — CEM Systems Audit '
Level Il -~ Perfarmance Audit

* Level IV — Relative Accuracy Testing

A CEM systems audit incorporates an examination of ail major parts of the monitoring program and
includes (1) a tour of the CEM System instaliation to review the system configuration and condition;
(2) an evaiuation of the CEM System operational status; and (3) a review of data and records.

that are sufficiently detaiied to Support the findings that will be reported later in the audit report.

The Initial Briefing

at this poirt, the auditor shouid be informed where and when they can be obtained.

the facility’s environmentat manager will be responsibie for the needs of the auditor, but he can delegate
responsibility for the tour or inspections to others who are more conversant with the operations of the
CEM system.

SHb- 328
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CEM System Site Tour

The tour of the CEM system installation should famiiiarize the auditor with the systern and its operaticns.
All aspects of the instaliation, from probe to final data output, should be inspectad. The auditor should
have a basic understanding of the system prior to the tour, preferably by reviewing agency records, such
as the initial PST report, excess emissions reports, or a *Phase 1* report that might be required before
CEM system installaticr. Aftematively, the plant can provide information prior to the audit visit or during
the initial briefing. )

Some auditors prefer to review plant records first so that they know what to look for before taking the tour.
This option, however, decreases the momentum established at the initial briefing and couid recduce the.
accessibiiity of plant parsonnet who might otherwise have devoted the entire day to the audit. Both the
plant and the CEM system should be operating during the audit period. Instrument technicians should
be available to answer guestions and to demonstrate features of the system operating under normal
conditions,

There are many items to address on the tour, and checklists are often developed to assist new auditors
or to refresh the memory of experienced auditors. The checkiist for the system tour should provide an
assessment that responds to questions, such as those listed in Table 7-1. Not all itemps will be relevant
to a particular CEM installation, but the example questions and suggestions are provided to assist the
auditor in the development of agency-specific or site-specific checklists.

Table 7-1. CEM System Configuration And Condition — Questions To Be Answerad On A Tour Of The
CEM System Installation

System Configuration
1. Is the systern configuration the same as it was whan it received initial, or Phase 1, approval? -

2 Is the system configuration the same as it was when it was certified for monitoring after passing
PSTs? ‘

3. Are there any modifications to the éystem that might significantly affect its performance?
4. Are there any major components that have been repiaced since the PST or since the last audit?
Are the analyzers the same (check serial numbers)?
System Condition - Stack/Duct Installation Poirts
(Note: Request piant personnel to Open protective coverings, instrument cabinets, etc., when feasible.)
1. What are the access and site conditions?

a Is the site difficult to reach? Is the elevator working? Would maintenance personnel be willing
to inspect the site once a day, once a week, or never?

B. Is the site protected between liner and chimney or catwalk? Can maintenance personnel

perform repairs at the site during inclement conditions?
Continued on next page
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Table 7-1. CEM System Configuration And Condition — Questions To Be Answered On A Tour Of The
CEM System instatwion (cont)

c. Does the site show evidence of being visited? s there dust or fly ash on the railings or hand
hoids?

d. Is the temperature higher or lower since the last audit?
e. lIs vibration at the location higher or lower since the last audit?
f. What is the stack static pressure? (Use a piece of paper and see if it is sucked in or blown out.) |

g. Are there puddies of water at the sita? Does it rain on the apparatus, or does water drip onto
the system?

h. Has fiy ash sifted into piles near the installation.

I. What is the condition of the ambient air? Is it laden with blowing fly ash? Can you small SO,
or other gases? Are the ambient polhtants affecting the CEM installation?

2. How does the probe or monitor installation look? Is it clean, well-maintained, or dirty?
a Are there significant quantities of dust or fiy ash covering the unit?

b. Are bolts rusted tight on the mounting flange? Is there evidence that the probe or unit has
been recentlty removed?

Is the unit corroded?

d. What is the condition of plastic or rubber components, such as gaskets, heat-traced line
protective coverings, hoses, electrical cables, etc.?

3. How does the probe look? (Sometimes it might be possibie to look at the probe through ancther
port.) .

a Is the probe black or impacted with particulate matter?
b Is agglomerate&, sticky particulate matter adhering to the probe?
C. Is the probe sagging?
d. !s the probe oscillatiné with the stack ﬂow?
4. What is the condition of stack-mounted instrumentatior. *

a Are the filters for blowers (in situ gas monit— . or transmiss~rieters) clean? Is a supply of air .
being provided to the window . ?

b. Are any protective shutters tripped?
. Continued on next page
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Table 7-1. CEMSyétemCaﬁguaﬁonAndCondiﬁonﬂQu@onsToBeAm;wered On A Tour Of The

CEM System Installation (cort.)

c. What is the status of any waming lights or operation indicators at the site?

d. For J-boxes or meters at the site, recerd meter values and note times to correlate the
information with previous records or data recorded in the control room.

Are calibration gas or audit gas cylinders located at the probe site?

a ¥ so, record cylinder number and tag information — parts per million/percentage values, type
of certification, gas vendor, date of analysis. What confidence is there in the stability of cylinder
Gases used over 6 months? Over 1 year? :

b. Record reguiator pressures for each cylinder (tank pressure and supply pressure). Also note
- onginal tank pressure.

C. Are the regulators corroded? Are proper fittings used for acid gases?

d. What is the condition of the gas supply lines and fitings? Is the same type of tubing being
usad as that during the last audit or last PST? Are the fittings mangled or corroded, or do they
show other indications of abuse? ’

If possible, observe a gas calibration cycle and a probe blowback cycle at the installation site.

What else can you observe? Is garbage or paper strewn about the site? Are there toolis,
instrument manuals, and source test apparatuses at the instailation?

Systern Condition - Umbiical Lines and Blectrical Cables

(Note the following when walking from the probe stack/duct instaliation to the CEM system analyzer
shefter or CEM system room.) '

1.

2

Is there a minimum siope of 5° from the probe to conditioning system?
Are there any loaps or kinks in the umbilical line?
Does the umbilical coil back on itself or touch itself or another umbilical line at any paint?

Are there any unheated sections (e.g., where two umbiiicals are spliced together, after the probe
assembly, or just before the conditioning system)?

Are electrical cables property routed and protected?

Are the cabies located near or bundied with power lines, electric motors, or equipment generating
strong eiectromagnetic fields?

For both heated and unheated lines, what is the condition of the fine from the port to the
condrtioning system? s it corroded, brittle, or dirty? Has it been run over by a forklift, spliced, or
otherwise repaired? -

‘84‘13-‘219_,
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Auditing In The CEM Shelter Or In The Control Room

The CEM system installation tour will most likely begin or end in the CEM shetter or in the plant control
room. Most of the auditor's time should be spent in one of these rooms so that he or she can ask further ‘
Questions about the sysitem and its operational procedures.

The auditor shouid determine the proper methods of the system's aperations from either the
manufacturer's written instructions, or preferably, the standard operating procedures provided in the piant
QA manual. At this time, it is often conveniert for the plant environmental engineer or CEM system
operator to expiain the entries in the instrument maintenance log and describe the routine system .
maintenance procedures. Maintenance activities performed by plant personne! shouid be cross-checked

1. Trace the path of the umbifical line or sampile line 1o the conditioning System or analyzers. Attempt
to understand how the system works at this point. In particular, note the following:

& Does sample gas enter the conditioning system under pressure or under vacuum?
B. What is the technique used for femoving water from the sample gas?

€. How is condensed water removed from the conditioning system? What is the probabiiity of
pollutart gas being absorbed in the condensed water? Is algae grc ng in the coglant?

d. Locate the drain pipe for the condensed water. ¥ the pipe drains to the outside, can the outlet
freeze during the winter?

e. Does the system incorporate a moisture-breakthrough sensor? Does the sensor work? How
do you know? . .

f. Can you see condensed liquid in any of the teflon fines?

g. Is the tubing neatly or Raphazardly arranged? Are there indications of ad hoc plumbi-4
changes? .

h. Are the fittings, vaives, ete., corroded or leaking?

I Whatis the status of the fine particulate filter? Is the filter clean or diry? How often is the filter
replacea?

j.  What is the condition of the sample pumps? Are they corroded, noisy or leaking? When were
the diaphragm bearings, etc., last replaced? {verify in the maintenance log).
‘ , Continued on next page
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Table 72 CEM System Room/Sheltar — Questions To Be Answered During A Systems Audit Of The
CEM Room Or Sheiter (cort)

k. Note the system gas flow (rotameter) readings and pfessure readings. Are they consistent with
readings obtained during the last audit? Are they consistent with readings specified in the
operating or QA manual?

L Is-a manifold used for gas distribution to different analyzers?

m. In flow-through systems, where does the dump-line exhaust?

System Condition - Monitor Cortrol Panels/Monitors
1. What is the status of the control panel lights/indicators, alanms, etc., for each anatyzer?
2 Record panel meter readings exhibited by each analyzar.
3. Record settings for zero/span cortrol dials for each analyzer {for comparison with historical data).
4. FHecord vajues for panel-operated test parameters, such as lamp voltages, automatic gain controis,
etc., if procedures do not interfere with analyzerj operations and data recording.
System Operational Procadures
1. Who has responsibility for the following:
a system operation?
b. calibration?
C. system preventive maintenance?
d. system corrective mainmtenance?
€. auditing?
f.  reporting?
2 Ask the following questions;
a4 How many hours a week are spent operating and maintaining the system?
D. What system operation has given the mast trouble since the last audit?
C. How good has the CEM system vendor been in emergency service respense? In spare parts

delivery?

Continued on next page
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Table 7-2 CEM System Room/Shetter — Questions To Be Answered During A Systems Audit Of The
CEM Room Or Shelter (cont)

3. Ask the operator tc perform a System calibration. Note the following:
& the familiarity of the operator with procedures.

b. how the operatcr determines that the system is in calibration (which data are used — meter,
strip chart, or computer output?). :

€. how the operater annotates the data (in a logbook, strip chart, on the computer output, or not . .

at all).
d. how it is determined that the System is of is not in calibration (are quality control charts used?),

4. Record the calibration data and obtain copies of the strip chart recard and/or compuier output, i
possibia,

5. Crosscheck observed procedures with written procedures given in the piant CEM system QA
manual, when the time is availabie, )

HeviewOfHecord.sAndData

Records and previous data should be reviewed in a location that is free from interruptions. Several hours -
should be devoted to this activity. Depending on the complexity and condition of the CEM installation and
the skill and patience of the auditor, the review could take even longer.

*  Missing data

* Unusually noisy or flat data

*  Inconsistent trends in readings

* Annotations for monitor and source shut-down time

* Annotations for excess emissions

» Printed fault or we—i~q codes
Review, if possible, be ‘nmaneous strip chart data ar e computer primtouts. The data from the
strip chant and printou Jid agree. After a calibration 2k, however, many computer systems will

automatically correct su. juentdata. This is a computer correction and does not involve the adjustment
of the analyzer zero or Span potertiometer. In such cases, the strip chart data and analyzer meter
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reacings will no: be corrected and will differ from the computer printed adjusiad readings. The auditor
shouid determine how the strip chart data and computer printed data are used by the plant and if piant
personne! are aware of the differences between the data.

If the source has developed a CEM system QA plan, the plan can be used as a tool in conducting the
review of data and records. The auditor shouid follow the pian, determine if sach of the QC proceduraes
in being performed, and ask for corroborating data documenting that the procedures were performed in
the last quarter or year. Documentation might include inspection sheets, logbook entries, managemeant .
réports, or test raports. This is where the auditor.will find the greatest gaps in the QA program and where
suggestions can be made for improving the operation and maintenance of the monitoring system.

The Exit Briefing

A formal or informal reporting of the audit findings (exit briefing) should be conducted before the auditor
leaves the facility. Each audit finding should be discussed in reference to specific reguiatory requirements
or in terms of potential problems or liabilties. Evidence or references should be available t¢ supporn a
finding or observation. if a finding is disputed, the auditor should be willing to compromise, but only if
adequate atternare information is provided. Achieving resolution for questioned items might require further
investigation afier the mesting, and in such Cases, the discussion should be tabled at the briefing.

if the audtt is performed periodically, it is necessary to address progress or lack of progress since the
previous audit. This is readily done by reviewing the findings of the last audit and noting how the issues
have been resoived. If progress has been good, the review will take somie of the edge off the present
findings and observations. K there has been no progress, the review will emphasize the problems of the
CEM system and provide an impetus for resolution by the next audit

The Audit Report

The audit report crganizes and coordinates information gathered during the audit in a usable manner.
It is the compilation of factual infarmation and professional judgment resulting from the audit. The report
also serves 10 record the procedures used in gathering the data and gives factual observations and
evaluations from the audit. Information in the repon must be accurate, relevant, complete, abjective, and
clear. A discussion of general topics shouid be avoided, and all compiliance issues shouid be diractly
linked to reguiatory requirements, :

Tips For Conducting A Systems Audit

Systems audits are conducted to determine how well the system is operating and to obtain some
assessment of the reported data quality without conducting independent performance tests. The auditor
is actually a detective who is attempting to find clues (through observations and discussions) that will
indicate system performance. Plam personnel will cast the best possible light on their cperations, and
if reasonably astute, will not volunteer negative irformation. It is the job of the auditor to find out what is
not said. The following is a list of some general auditing techniques:

1. Be professional.

2. Be sensitive to the management levels and responsibilities of plart personnel. Always proceed
through proper channels. '
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3. Maimain osjectivity. The over-cooperative engineer might have a grudge against managemen.
and wart the auditor to discover problems that do not exist.

4. Ask as many questions as possible. Ask questions continually (e.g., while walking, during coffee
breaks, lunch). Do not be afraid to ask *dumb* questions. Answers to such questions can be
revealing and also indicate the level of knowledge of facility personnel.

5. If you do not get what you ask for, ask again. If information or data is still not forthcoming, go'
up a level in management.

6. Compare what is said to what is observed. Question any discrepancigs immediatery and obtain
resoiutions by the end of the audit.

7. Do not be distracted. Long coffee breaks and lunches decrease time available for auditing,

8. Deveiop a knowledge of CEM systems. Maintaining an attitude that gas analyzers are merely
"black boxes* will result in a nonconstructive exercise.

8. Take as many notes as possible while the audit is being conducted.

10.  Refer to the source operating permit, state CEM regulations, and applicable federal regulations.
Compare what is written to what is observed. Check the accuracy of schematics and the
consistency of procedures. Incorporate salient features of the requirements in the checklist

11. Do not be constrained by a checkiist Lengthy checklists make an auditor look foalish. .
- Checkiists are most useful at the end of the audit to determine i any points were missed.

12 Use QA plans, written Standard Operating Procedures (SOPs), and instructioni manuals to
determine if procedures are being followed. If they are nat, ask when the written procedures will
be changed to reflect actual practice.

13, Prepare a summary of findings and observations as soon as possible after -he audit, preferably
on the same day the audit is conducted.

14. K possible, allow plant personne! to review an audit summary of finu.ngs and observations before
leaving the plant. Thi: will help to minimize misperceptions by the auditor and will reduce later
carrespondence when each party attempts to justify his actions (this point is particularty important
for the corporats environmental auditaor).

18. Be fim.  sor ing is wrong, report it. Failure to report @ probiem can result in additional
problems and caould cast doubt on the auditor's objectivity and capability.

For a more quantitative assessment of data quality, the ~erformiance audit can be conducted following
the systams audit or as part of a requiar schedule of & activities.

THE PERFORMANCE AUDIT

Performance audits are conducted on a reguiarty scheduled basis as part of a QA program (such as that
mandated by EPA Appendix F [EPA, 1990]), or when the findings of i17e systems audit indicate that
information of a more quantitative nature is necess: - to evaluate data accuracy. A performance audht
is defined as * . . . an independent assessment of ti:e accuracy of the data . . .. The audit shouid be a
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lrue assessmem of the measurement process under normal operation of the system — that is, without any
special preparaiion or adjustmernt of the system.” (EPA, 1977D)

The mest common method of conducting a performance audit of a gas monitoring system is to challenge
the system with certified audit gases. This cylinder gas audn (CGA) provides an independant assessment
of the system, but it does not aiways assess the accuracy of the data (in terms of EPA enforcement
inspection levels, conducting a CGA would correspond to a Level Il inspection). The use of optical fitters
for electro-optical analyzers, standard soiutions for electrochemical systems (typically ion-selective
elactrode analyzers), or the use of electronic signals can provide a similar level of assessment. These
latter methods are commoniy used in Eurcpe, but have been discouraged in the United States, which
prefers CGAs.

More independertt techniques of performance auditing involve using other test methods, such as the
following:

» Testing using portable inspection monitors.
» Testing with instrumented maobiie vans.

» Conducting abbreviated relative accuracy tests using' EPA manual or altemnate reference methods,
{the relative accuracy audit [RAA]).

» Redoing the relative accuracy test {the relative accuracy test audit [RATA]).
» Determining stack emissions using continuous remote sensing instrumentation.

Such testing is more invoived and expensive, because it requires additional resources. The fourth
aternative, redoing the relative accuracy tests, constitutes Level IV of EPA's enforcement inspection
scheme and is an annual requirement for sources reguiated under Appendix F.

The CGA

As mentioned above, the CGA audt is the most frequertty conducted performance audit procedure. It
is conducted by challenging the CEM System with an audit gas that is traceable to NIST (National Institute
of Standards and Technoiogy) standard reference materials. These are commonly called Protocol 1 gases
and will be discussed later in this chapter. The audit gases are introduced at the sampling probe and
should pass through all components of the sampiing system.

Conducting The CGA

An Appendix F CGA is conducted by challenging the CEM system with two audit gases. One has a value
of 20 parcent to 30 percert of the span, and the other has a value 50 percertt tc 60 percent of the span.
The CEM systemn is ahernately challenged three times with each audit gas. Sufficient time is aliowed for
8ach injection urttil the concentration reading stabiiizes. For imtegrating instruments, it may be necessary
to monitor several measurement cycles to determine when the reading is siabilized. Audit readings must
nat be included in the faciiity emission averages. The CEM system operator shouid place the data
acquisition system in an altemate mode while the audit is being conducted.

An_ auditor might modify Appendix F procedures to obtain further system data. Alsg, state or regional QA
guidelines can require other procedures (Peeler, 1980). Typicai procedural variations include those listed
on the next page.
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» Using a zero gas in addition to two audit gases.

* Using an audh gas at a concentration level that corresponds to the emissions standard.

» Using an audit gas that corresponds to the average stack gas concentration of the poliutant.

¢ Generating variabie gas concentrations using a dilution system.

e Challenging the system only twice with each gas.

« Challenging the analyzer with audit ‘gas at the analyzer calibration port.
noted that a cylinder of zero gas might not be necessary; for example, an NO, audit gas reading can
Serve as a zero reading for an SO, channel.
Challenging an analyzer at its calibration port is a simpie method of checking the audit gas against the
Span gas used to calibrate the analyzer. If the audit gas reading obtained on the analyzer differs wideiy
from its certified value, it might indicate that the span gas has deteriorated or its tag value is incomect,
if the probe audit results are unsatistactory, it might be useful to check the audit gases at the analyzer
to aid in troubieshooting the system.
Using audit gas concentrations different from those specified in Appendix F is a matter of different
regulatory requirements or technical preference (e.qg., Butler, 1987: 1990}). Using an audit gas

carresponding to the average poliutant concentration readings can give additional confidence in the
emissions measurements, if the audit results are satisfactory.

Extractive System CGAs

The methed used 16 introduce gas at the probe depends on the design of the probe and the monitoring
System. Techniques for probe calibration thecks (probe cal) for extractive systems are iliustrated in

Figure 7-1.
Audit gas line
Audit gas line //
0 Sample gas line
Sample gas ling
Shield

Prabe

@ | | (©)

Figure 7-1. Probe Calibration Checks For Exdemal (a) And Intemal (b) Fiters
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The injecticn ot audr zas at the probe of direct (non-dilution) extractive systems can often be difficult and
could require large vciumes of gases. Audit gas must be provided at a rate necessary to overcome the
absoiute static pressure of the stack gas at the probe. At this pressure, stack gas will be flushed away
from the probe so tha: an undiluted audit gas concentration can be obtained.

In practice, gas can be injected at the probe of the external filter (Figure 7-1a) or at the internal filter
(Figure 7-1D) of the cirect probe. The cyiinder gas fiow rate is increased untii a maximum, stabie reading
is obtained. Excess gas is exhausted into the stack as the extractive system withdraws sample gas
through the probe at s nomnal flow rate. A probe cal can be conducted at an external filter if a probe
sheath is used, but large volumes of gases are necessary to flush out stack gas. A more effective method
is to.flood the annuius around the internal probe filter, as shown in Figure 7-1b. This might reguire Iess
calibration gas because the space is more confined.

A probe CGA is relatively easy for a dilution probe. As shown in Figure 7-2, the inner space of the diiution
probe can be fiooded with audit gas. Because this space is smaller than that ancountered in most direct
extractive systems, and since the sampling rate is typically low (e.g., 50 cc/min), the volume of audit gas
required is correspondingly smaller.

Ciluted sampie ficw rate

D
Sample gas line

Sample gas
How
Sonic oritice

Mounting
flange

Pump air
(dilution air)

Calibration =2
gas line -*~-'0 =
et
Screen

Figure 7-2. Dilution Probe
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The techniques disz:ssed above have been referred to as probe vent audh techniques {Reynolds, 1988).
Ancther technique, Te external atmospheric vent audit, is used when the probe system cannot be flooded
with audit gas. This less compiete check of the probe systam can be conducted by using a three-way
valve and a rotamerer, as shown in Figure 7-3 on the next page. In this method, the probe system is
essentially shut off and audit gas is verted through a rotameter. The sample system withdraws the audit
gas (which is essenually at atmospheric pressure) at the valve. Care must be exercised to supply enough
gas to vant through the rotameter, otherwise ambient air will dilute the sampie. If a three-way valve is not
part of the installed system, the auditor should ask the CEM system operator to disconnect the sampie
line at the probe anc cannect the audit sampie line and rotameter directly to the line. This technique
does not check the probe and probe filter, but it can assist in evaluating the integrity of the sampie fine.
For CEM systems that pull gas through the sample line under vacuum (negative pressure), the check
should not be conducted without the vented rotameter. The system will be pressurized, and the audit wil!
nat help in checking leaks in the line.

To conditioning system

-7

Rotameter

L

T IV TITE NN

Three-way valve

Probe

Stack

Audit gag

Figure 7-3. Audit Method For Probes That Cannct Be Flooded—The
Extemnal Atmosphere Vent Technique

In Situ System CGAs

Performing a cylinder gas audit on a point in situ analyzer is similar to conducting a probe vent audit for
an extractive system. Audit gas can be used to flood the sampie chamber to a pressure greater than the
stack static pressure, as shown in Figures 74 and 7-5.
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Retroreflecior

Audit gas

Figure 74. CGA Audi For A Point in Situ Analyzer

Coramic filter Retrareflector
arami

Audtt gas line

Figure 7-5. A Magnified Version Of A Probe Calibration For A Point In Situ
Analyzer
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R is possible to over-oressurize the chamber in analyzers that incorporate a ceramic fiter to-prevent
fouling from particula: maner At higher pressures, the audit gas concentration will be higher than true
concentration and lezZ to incorrect readings. The audit gas flow rate should be increased 0.5 ppm over
the manufacturer's ra-*ommendad value to determine if such an effect is occurring (see Reynoids, 1989
for detaiied procedur=s). .

A problem occurs when the ceramic filter becomes blinded by impaction with particulate matter. After the

audit gas flow is terminated, # will be a long time before the stack gas poliutant concentration retums to .
its normal value. The problem is easily recognized with a probe calibration check, and recommendations
should be made to reciace or clean the filter as soon as possible. A CGA can also be conducted on an :
in situ path analyzer ¥ a flow-through gas cell is incorporated into the measurement system (Fi gure 7-6
shows one such desicn). -

T retroreflector

-

Fiow-through gas call

Gas iniet port

Figure 7-6. CGA For A Double-Pass in Situ Path Analyzer

In a double-pass system, the zero mirror will reflect the measuring light beam through the gas cell and
back to the detector. The flow-through gas cell serves as a pseudo-stack. Cylinder gases at higher
concentrations (percentage instead of parts per million) are necessary to obtain an optical depth that -
corresponds to the measuiememnt pathlength. For exampie, i the analyzer monitors a gas concentration
. of 600 ppm of SO, over a total distance of 10 m in a stack, the optical depth will be 600 x 10 = 6000
ppm-m. it a flow-through gas ceil has an intemal measurement path of 1 cm (0.0t m), a cylinder gas
“would have to have a concentration of §000/0.01 = 600,000 ppm for equivalent optical depth. The
600,000 ppm corresponc - to a concentratior 0 percemt. . . *
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Oifterent techniques car =2 used to gain more audi information. For example, muttiple ﬂow-tnroug'h cells
can be stacked together. One lower-value audit gas can then be used 10 obtain mukipie audit readings
as each ceill is filled in sezuence.

Meaningtul cylinder gas audits on single-pass in situ path monitors are more ditficult to perform. Since
that the stack gas is conunually monitored unless a zero pipe is used, a flow-through gas cell will give an
incrememal reading addad onto the stack gas values. Data resulting from these measurements becomes
ditficult to imerpret when the stack gas concentrations are varying rapidly. -A zero pipe avoids this
problem, but by closing the pipe and flushing the stack gas with ambient air, other variables can be
intreduced, such as corraminated zero air or system misalignments.

Ancther technique that has been used in single-pass units is to biock off the measurement lightbeam and -
use an auxiliary light source to send a beam through the cell. Obviously, this scheme does not check
all of the nomally operating active components of the system. [t wiil serve to check the detector and
primary electronics, however.

CEM system vendors frequently state that in situ path analyzers do not meet Appendix F requirements
_since a Cylinder gas audit cannct be conducted on them. This is not true. Path analyzers that
incorporate fiow-through cells can be challenged with audit gases and meaningful informaticn can be
obtained from the resuits.

Audit Gases

Cylinder gases used for calibrating and auditing CEM systems have improved significantty over the past
20 years. Inthe early 1970s, it was not uncommon to find pollutant gas concentrations differing from the
1ag vaiues by more than 10 percent, even when the producer stated accuracy was between 2 percent
and 5 parcartt of the pollutant value. This jed to considerable uncertainty in CEM system measurements
and often led to the failure of initial PSTs. Because accurate standards are needed in-any measurement
program, steps were taken by EPA to improve the quality of cylinder gases. :

In 1978 EPA published a traceability protocol that could be used to reference a prepared cylinder gas to
NBS (National Bureau of Standards, now NIST) Standard Reference Materials (SRM). The protocol was
subsequently revised in 1987 (see EPA, 19773, Section 3.04). Gases prepared under this protocol are
_known as Protocol 1 gases. Due to the limited supply and high cost of the standard reference materials,
intermediate standards can also be used by the gas vendor when preparing Protocol 1 gases, An
intermediate standard can be either a Cenified Reference Material {CRM) Standard (Hughes, 1981), or
a Gas Manufacturer's Imermediate Standard (GMIS) (see EPA, 1977a). Table 7-3 summarizes the
differences between these standards.
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Tabie 7-3. Differences Between Standard And Certified Gases

SRAM Standard reference » Prapared and sold by NIST
: Mmateriais
CRM Cartified reference s Prepared by the gas vendor
materials e Referenced directty to a SRM
» Nominal concentration within + 1% of an SAM
concentration

* Analyzed after preparation
+ Analyzed again, 30 days after first analysis
e Two samples analyzed by independent laboratory

GMIS Gas manufacturer's e Prepared by the gaé vendor
intermediate + Referanced to a SAM or CAM
standard « Nominal concentration within 0.3 and 1.3 times

the concaentration of the SRM
¢ Must be assayed three times over 3 months
* Assays must agree to within 1.0%
e Must be recertified every 3 months

Protocol 1 ¢ Prepared by the gas vendor
Gas e Referenced to a SRM, CRM, or GMIS
* Nominal concentration between 0.3 and 1.3 times
the concentration of the SRM, CRM, or GMIS
e Assays must agree to within 1.5%
» Reactive gases must be raassayed after 7 days

All the gases are assayed using analyzers that have been calibrated with certified gases. Calibration
procadures, linearity responses, and adjustment procedures are strictly defined in Protocol 1. When
purchasing a Protocol 1 gas, the buyer should obtain a certificate from the vendor that contains the
following:

e Cylinder identification number.

» Cenrtified concentration.

* Balance gas in the mixture.

« Cylinder pressure at certification.

o Date of centification.

» Expiration date of certification.

» Reference standard data (SRM or CRM number/cylinder number),

« Statemsnt that certification followed procedures of Protocol 1.

« Lab and anatyst identification.

» Gas analyzer identification, date of last mutltipoint calibration.

* Al analyzer readings used for the centification and calculations used.

» Chronological record of all certifications.
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Cenification data should be reported to three significant digits. The certification applies for a maximum
period of 18 months for most gases contained in aluminum or stainiess steel cylinders. For other cylinder
materials and NO,/air mixtures, the certification period is only six months. Also, if the cylinder gas
pressure drops beiow 100 psi (700 kilo pascals [kPa]), the Protocol 1 gas should not be used. |f sufficient
gas remains after 18 months, the gas can be recertified, but the recertified value must be within 5 percent
of the original cartified value.

When contracting or conducting a CGA, attention should be paid to obtaining the cerification information.
Since the QA results are intended to be uitimately traced to NIST standards, a report will not be complete
without the documerration given above.

Other Performance Audit Techniques

As mentioned eariier, the CGA is not compietely independent of the monitoring system. In fact, most CEM
installations can pass EPA-established criteria for the CGA easily. In many cases, the exercise is merely
4 comparison between the audit gases and the system span gases, particularty if the daily calibration
check is conducted at the probe.

Redoing the relative accuracy test is the ultimate audit technigue, because the regulatory acceptance of
the CEM system is based on the results of this test. As mentioned earlier, this is required once a year
for Appendix F-affected sources. In cases where a repeat of the test is mandated by an agency
enforcement action, it would constitute a Lavel [V inspaction. Other performance audit procedures can
be used as pant of a plant QA program, however. Although the methods might not be specified by the
agency, their appiication can provide additional levels of confidence in the data for plant personnel.

Testing Using Portable Inspection Monitors

A number of portabie inspection monitors are commercially available. The monitors are generally light-
weight and operate using electrochemical cells. Oxygen analyzers in this class are particularly useful and
can provide accurate short-term measurements. The poliutart gas analyzers often have relatively long
response times (5 to 15 m) and can drift on a long-term basis. These analyzers can be useful in
uncoverfing stratification problems or in helping to resolve gross differences between installed CEM
systems and manual test methods. : :

Testing Using Instrumented Mobile Vans

Most commercial stack testing companies and a few corporate environmental organizations use
instrumented test vans or trailers to perform CEM reiative accuracy tests and audits (Peeler, 1981;
Chapman, 1990; and Nalang, 1880). These vans usually will incorporate instrumentation whose quality
Is equivalent to instalied CEM systems. Data obtained from such systems can be of high quality # the
requirements of reference methods (such as 6C and TE) are met. '

Testing With Abbreviated Relative Accuracy Tests

An RAA can be conducted by reducing the number of runs that are normally conducted in a relative
accuracy test. Insiead of performing nine runs, as is required in a reference method, only three runs are
necessary in an RAA. The effect of reducing the number of runs on the statistical acceptability of the data
has been discussed in detail by Jemigan (1986).
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Reducing the number of runs can save time, but not necessarily a great deal of expense. Because much
of the cost associated wits a stack test or audit program is associated with travel, QA, and reporting, a
few hours saved at the sizz will not save much money.

The Use Of Remote Sensors

Remcte sensing instrumerzation showed considerable promise in the research and evaluation work
conducted in the 1970s (ahough most systems were expensive and required special skills to operate),
Progress was being made in Geveloping less expensive, portable units, but deveiopment essentially ended
in the 1980s, '

Rermote sensing is receiving renewed interest in the 1980s due to an increasing irmerest in measuring toxic
air politants (EPA, 1890). FTIR and differential optical absorption spectroscopy (DOAS) are twa
techniques that are being applied in numerous ways. Also, with the increasing flux of electro-optical
engineers from the defense industries, other sophisticated remote monitoring systems might be expected
in the future, Perhaps by the year 2000, the audior might need only to sét up instrumentation at the plant
gate and monitor the emissions independent of plant constraints.
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Relative Accuracy. “The absolute mean difference between the gas concentration or emissions rate
determined by the CEM system and the value determined by the reference methods (RM) pius the 2.5[%]
error corfidence coefficient of a series of tests divided by the mean of the [reference method] tests or the
applicable emission limit*

How these values are determined will be discussed in the section on procedure. The actual specifications
that are 10 be met are provided in Table 6-3.

Table 6-3. Performance Specifications For Gas-Measaring CEM Systems

Calibration
PS Gases Drift Relative Accuracy

2 S0, NO,  2.5% of span 20% of RM vaiue in units of the standard
10% of applicable standard (for stds >130 ng/J)*
15% of applicable standard (for stds >86 <130 ng/J)®
20% of appiicable standard (for stds <86 ng/J)*

3 O, CO, 0.5% of span 20% of RM value or 1.0% (whichever is greater)

4 Co 5% of span 10% of RM mean value in units of the standard
for 6 of 7 §% of applicable emission standard
test days (whichever is greater)

5 TRS 5% of span 20% of RM mean value in units of the standard
for 6 of 7 10% of the applicable standard
test days (whichever is greater)

7 HyS 5% of span 20% of RM mean valiue in units of the standard
for6 of 7 10% of the applicable standard

- test days (whichever is greater)

“ng = nanogram; J = jouls.

Calibration Drift

There are several important points to understand about calibration drif. First, the span vaiue for
calibration drift is defined as the upper limit of a gas concentration measurement range specified for

affected source categories in the applicable subpants 0f 40 CFR 60.

The span value is not found in the performance specifications but in the subparts of 40 CFR 60 that
address the source category where the CEM system is required (i.e., Subpart D, Da, and Db for FFFSG,
Subpart BB for Kraft Puip Mills, and Subpart P for Petroleurn Refineries). For example, in Subpart Db for
industrial-Commercial-Institutional Steam Generating Unit: span values for NO, CEM systems are given
in paragraph 60.48b. The span values are incorporated in Table 64.
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Figure 10-2. Possible Strip Chart Traces Indicating Sy'stem Problems

The strip chart record also gives many ciues to the quality of the source monitoring program. If the pen
is not inking (the pen does not have the proper amount of ink or the ink is smearing), f the paper is
jammed, or if the chart speed is too siow to provide intefligible data, the data might not be accurate. A
working strip chart should be properly annotated, and the record of the daily zero and calibration tests
should be easily read. Figure 10-3 on the next page gives an example of a properly annotated record.

Inspectors seldom find a well-annotated chart, and the full-scale-chart vaiue, the degree of offset, and the
chart speed will most likely have to be determined. A good technique to use, prior to inspection, is to
tashion a rubber stamp that incorporates blanks for the information required, including the organization's
logo, and a place for a signature, date, and time,

Evaluating a computer record will require assistance from the CEM operator. It is difficult t¢ examine a
printout (or even to obtain one) without some assistance. When reviewing the data, the inspector shouid
look for the zero and span values first; this will provide some orientation 1o the format. If there are any
printed fault codes, it is advisable to examine them; it might be useful to have the codes printed out in
the data acquisition system documentation,
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if the mean difference is outside this ran: -, it does not necessarily mean that the transmisgometer
readings are incorrect; data from two diss  iar methods are being compared, and discrepancies can
occur for any of the foliowing reascns:

Method 9 ’ Transmissometer
Problems _ Problems
e water vapor or acid * improper instrument
gases condensing at calibration
plume exit, but not in
the stack s incorrect stack-exit

correlation value
s poor contrast conditions
(cloudy sky, limited light) + dirty optics

¢ poorly trained observer + misalignment

« particulate stratification
at monitoring location

The contribution of the problems between Method 9 observations and transmissometer data can be
approximated A scheme is given in the Inspaction Guide for generating ‘corrected* data

Evaluation Of Transmissometer System Operational Status

The operation of the transmissometer system can be checked by inspecting (1) the data acquisition
system (strip chart recorder, computer); (2) system fault famps; (3) the zero and span values; and
(4) instrument-specific diagnostic criteria.

The Data Acquisition System. if a CEM system has a strip chart recorder, it is usually used to record
opacity values from the transmissometer. A strip chart record can reveal various kinds of information and
gives a g < indication of how well the system is being maintained. If only a computer printout is
available udit will be more difficult. It is harder to detect trends, noise, and other system probie s
from digr: :a, although system fault codes are often helphul. Figure 10-2 on the next page illustrates
some of ti. problems that can be identified from the strip chart record.

These strip chart traces indicate a number of problems, such as temperature effects, vibration, and
sticking zero mirrors, Some of these chart indications are obvious, A sustained reading of a zero value
does not generally mean that the air poliution control equipment is working exceptionally well; it often
means that no signal is coming out of the transmissometer. '
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Tabie 4-3. Portable VOC Detaction Instrument Performance Specifications (U.S. EPA, 1992b)

41

Flame lonization Analyzers
Method 21 Criteria
Meeots Leak Definition 5%
Definition
500 10,000 at Instringleally Response  0.25-n. Sampla Flaw
Manufactursr Model ppmv ppmv Leak Loval Safe Time (sec) - 0.d. Probe  {L/min) Comments
The Foxboro OvA 88 no yes yes no 2 yes 20
Company OVA 108 na yas yes yes 2 yes 20
QvA 128 yes no yos* yes 2 yes 20 6
Heath CP-ll ves yes yes no” 3 ves 20 2
Consuftants, Inc.  pp yos no no no" 3 yes 25 3
- PF-lI yes no yes* no* 2 yes 0.7 46
MSAMBaseline GasCorder no na* no* no” 3 yes 0.5 5
lndustn'es, Ine. FID
Sensidyne, inc. Portable FID  yes yes yes no* 3 yes 125 1
Thermo 710 yes no no no 5 yes 1.5
Envirenmental 71 .
l ments, Inc. 2 yes . yes yes no 5 yas 1.5
* = See Comments.
Comments: 4. Currently being modified to be intrinsically safe.
1. Working on making intrinsically safe instrument, 5. Will reach rnarket /91 and will be redesigned to meet Class |,
2. Plans are under way te riake DP I} intrinsically safe. Division 1 and 2 standards by approximately 12/92,
3. Plans are under way to make DP I intrinsically safe. 6. Five percent definition at 500 ppmv leak level.
Flame lonization Analyzers
Maximum Dimensions .
Calibration RAange Battery/Fuel (In.) and Temperature  Price*
Manufacturer Model Gas (pprnv) Lite (hr) Weight (Ib} {Celsius) ($) Comments
Tha Foxboro OVA 88 Methane 0-100,0C0 8 x12x4, 11 101040 4,400 1
Company OVA 108 Methane 0-10,000 8 9x12x4,12 1010 40 6,600 2
OVA 128 Methane 6-1,000 8 9x12x4, 12 10t 40 6,800 3
Heath DRI Methane 0-10,000 8 35x7x10,7 -20to 48 3,200 7
|('3<:~!'!sr'Ic ultants, DP-H Methans 0-1,000 8 11x7x9,9 -20to 48 4,000 8
PF-II Methane 0-5,000 10 3x10x9,63 -20to 48 2,500 9
MSABaseline GasCorder Methane 0-10,000"* 8 17x11.2x8, 185 S5t035 6,800 10
- Industries, Inc. FID
Sensidyne, Inc.  Portable FID  Mathane 0-10,000 15 145x46x9.3,65 -5tc40 4,800 &
“E;_fm 710 Methane 0-2,000 8 10x4x85(Case)  Oto 40 5,300 4
ranme
,,SWmem:_’a' 712 Methane  0-20,000 8 6.5x6.1x4(Gun)  Oto 40 5,800 5
Ing, 14 total
— = Approximate base unit price &/91,
= See Commaents,
1°°T",:"°“5= 4. Three scales 0-200, -2,000, -20,000. Digital readout,
L a OVA 88 is primarily for natural gas leak detection. 5. Thrae scales 0-2,000, -20,000, -200,000. Digital readout.
5 G°93”1hmlc analog scale. 6. Two scales 0-1,000, 0-10,000. Analog scale.
* 2@nerally aceepted as the industry standard. Logarithmic 7. Five scales maxima of 10, 50, 100, 1,000, and 10,000,
160 log scale. 8. Five scales maxima of 10, 50, 100, 500, and 1,000.
jo_‘0°ﬁh°n {$1,200) for quaitative analysis. Threa scales 8. Three scaies 0-50, 0-500, 0-5,000. Anazlog scale,
+-100, -1,000. Lingar analog scale. 10. Dedicated air and hydrogen cylinders. Data logging capabilities.
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s 4-3 (continued)

Photolonization Analyzers

Method 21 Criteria

Meots Leak Dsfinltion 5%
Definitlon
S00 10,000 at instrinsically Responss  0.25-in. Sample Flow .
wfacturer Model ppmv ppmv Leak Laval Safe Time (sec} o.d.Probe (L/min) Comments
1 Systems, 18-101 yes no no yos 3 yes 0.17
DL-101-2 yos no no no” 3 yas 025 1
DL-101-4 yes no yes” no* 3 yes 025 1.4
A/Baseline GasCarder yes no* yos® no* 3 yes Q.5 3,4
PID yes
A . Photon yes no yes® no’ 3 yas 0.5 1,4
mational
nex Sensing  Scentogun yes " no yes® no 2 yos” Q1 2.4
thnology, Inc.
1rmo £80-S yes no yes” ) yas 2 yas 04 4
ironmental 580-B no no no no 2 yes 0.4
ruments, Inc.
See Comments.
nments:
>lass |, Division 2 certified.
Aeets Method 21 probe size criteria only when used with optional extension.
Nill be redesigned approximately 12-18 months after it reaches the market (9/91) to meet Class |, Division 1 and 2 requirements.
“ive percent definition at 500 ppmv leak level.
Photoionlzation Analyzers
Maximum Dimensions
Calibration Range Battery/Fuel {in.) and Temperatura  Price®
lanufacturer Model Gas (ppmv) Life {hr) Weight (ib) (Celsius) % Comments
I Systems, 1S-101 Benzene, 0-2,000 B gx5x9,10 -15t0 40 5,000 1
- Iscbutylene :
DL-101-2 Benzene 0-2,000 8 8 x 3 x 6, readout 4 40 max 4,800 2
CL-101-4 Benzene 0-2,000 8 8x 3, probe 3 40 max 5,500 3
8 x 3 x 6, readout 4
3A/Basefine GasCorder PID  Benzene 0-2,000™ 8 17x8x8,10 5135 5,000 7
5A Photon 1sobutylene 0-2,000 8 169x3.8x58,7 Oto 40 5,000 5
:emational ’
ntex Sensing Scentogun Benzens 0-2,000 6 9x6x4,4 None supplied 3,750 6
xchnology, Inc.
1ermo 580-S Banzene 0-2,000 8 6.75x575x10.7.5 5to 40 5,300 4
wironmental 580-B Benzene 0-2,000 8 68x58x10,6 4,400 4

struments, Inc.

S5to 40

= Approximate base unit price 891.
= See Comments.

amments:

Basic instrumant is PI-101. The HW-101 (Hazardous Waste) is Class |,

Division 2 certified. Analog readout, three scales.9.5, 10.2, 11.7 eV lamps.

Di-101-2 has two modes of operatian, data logging capabilities, digital

readout, 9.5, 10.2, 11.7 eV lamps.

DL-101-4 has four modes of operation, data logging capabiliies, digital

readout, .5, 10.2, 11.7 eV lamps.

A58
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4. Digital dispiay, data
reader interface.
5. Digital display, data

logging capabilities, optional bar code

logging capabilities, 10.6 eV lamp.

6. Digital display, 10.6, 11.5 eV lamps.

7. Dilution system avai

lable. 8.4, 9.6, 10.2, 10.6, 11.8 8V lamps.

Data logging capabilities.
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Table 43 (¢

Manufact‘u're

PEE——

AIM USA

»

Arizona |
Instrumarit

“Bacharach, L

CEA
Instruments,

The Faxboro

Company

Gas Tech, In

McNeil
International

*=See Com

Comments:

. Internai It
. No s~ok
. S¢e a
. Four scak

given).

. Meets Me
. BASEEF/
. Intrinsicat
. Subrnittec
. Leak defu

w o~

Manufacty

AIM USA

Arizona™
nstrument

Bacharach,
»

CEA

Instrument:
Inc.
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Table 43 (continued)

Infrared, Electrochamical, and Solld State Analyzers

Mathod 21 Criteria

Mesots Leak Definition 5%
Definition
. : 500 10,000 at Instrinsically Response 0.25In. Sampie Flow

Manufacturer Model ppmv ppmv Leak Lavel Safe Time {sec} o.d.Proba (L/min) Comments
AIM USA 1300 yes ~ yes yes yes 1 yas® 1.5 5

3300 yes yes yes 'yos 1 yes* 1.5 5
Arizana Jerome 431X no no no no 13 yas 0.780 3
Instrument Jetome 631X no no no no 6 yes 0.150 4
Bacharach, Inc.  TLV sniffer yes _ yes yes yes <30 yes 1.75

MV-2 no no no no 5 yes N/A 2
CEA Gaseeker yes yes no yes* <10 yes c3 ]
Instruments, Inc. Gs4 - -
The Foxboro MIAAN 1Bx yes no yes* yes Compound no 30 1
Company " dependent
Gas Tech, Inc. 1238 yes no yes” yes*® <10 yes 047 7

4320 yes no yes” yes® <10 yes 1.0 7

GP-116 no yes yes no* 5 yes 2.0 -8

McNeil Gasurveyor 4 yes no yes® yes 5 yes 05
Intemational ’

»

* = See Comments.

Comments:

1. Internal fibrary ot approximately 115 compounds.

2. No sample fiow given.

3. Scale reads in milligrams per cubic meter.
4_Four scales 1-1000 ppbv, 0.1-1.0 ppmv, 1-10 ppmv, and 10-50 ppmv. Hﬁponse time varies by scale and mode setting (survey mode times

given).

5. Meets Method 21 criteria only when used with optional sample pump attachment.
&. BASEEFA cerification is pending.
7. Intrinsically safe Class 1, Division 1, Groups C and D.
8. Submitted for UL safety approval.

9. Leak definition at 500 ppmv.

Infrared, Electrochemical, and Solid State Analyzrers

Maximum Dimensions
Calibration Range Battery/Fuel (in.) and Temperature  Price”
Manutacturer Model Gas {ppmv) Life (hr) Weight {Ib) {Celsius) {($) Camments
AlM USA 1300 Methane ) 0-50,000 75 18 x 2 dia, 4.5 0to 50 1,200 5
1300 Benzene 0-50,000 7.5 18x2dia, 4.5 050 2,200 5
Arizona Jerome 431X N/A 0-0.999 & 6x13x4,7 010 40 5,900 4
stument (mg/m®)
Jerome 631X N/A 0-50 6 6x13x4,7 Oto 40 9,900 4
Bacharach, Ine.  TLV sniftar Hexane 0-10,000"" 8 9x375x66,5 10to 49 1,840 2
MVv-2 N/A - 010 4 11.4x48x44,6 N/A 3,300 3
(mg/m?)
CEA Gaseeker GS4  Methane 0-10,000 10 Ix6x6,03 -1010 50 1,200 6
lnSUUrnents'
Ine,
The Foxboro  MIRAN 1Bx - - 4 27 x9x 11,28 51t0 40 17,100 1
coﬂ‘pany

43
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bie 4-3 (continued)

Infrared, Electrochemical, and Solid State Analyzers (continued)

Maximum Dimensions
Calibration Range Battery/Fuel (in.) and Temperatura  Price®

fanutacturer Model Gas {ppmv) Life {hr) Waeight (Ib} (Celsius) s Comments
as Tech, Inc. 1238 Hexane 0-1,000 8 12x38x558  -121049 1,300 7

4320 Hexane 0-2,000 8 12x3.8x55,8 -12t0 49 2,800 8

4320 Hexane 0-2,000 8 12x%x3.8x55,8 -1Q1to 40 <5,000 9
cNeil Gasurveyor 4 i 01,000 15 7x3.8x4.1,35 -20 10 50 1,900 10
ternational
= Approximate base unit price 8/31.
= See Comments.
omments:

1. Infrared. Internal fibrary of approximately 115 compounds. Calibration ranges framn 0-10 ppmv to 0-2,000 ppmv. Digital readout. Infrared

instrument.

2. Range can be expanded to 0-100,000 ppmv with 10:1 diiution probe option.

3. Mercury vapor detector only. Digital readout.

4. Digital readout, data logging capabilities, software optional.

5. Digital readaut with data logging capabiliies. PC software optional.
5. Logarithmic LED scale, not defined enough at 95% for Method 21.
7. Analog mater, aiso reads 0-100% LEL combustibles.

3. Analog meter, aiso reads 0-100% LEL combustibles, 0-25% oxygen, 0-100 ppmv. H S, and 0-300 ppmv Co .
9. Cigital readout, data logging system with integral bar code pen. 25,000 and 50,000 ppmv ranges available.

0. Electronically calibrated.

roviding data that can be related to EPAs data
oliected using an organic vaper analyzer (OVA)
alibrated to methane.

jeveral initial steps must be taken to document the
iability of a device that fails to meet the Method 21
equirements. First, a labosatory program must
lemonstrate the response of the monitoring instrument
o the compounds being measured. This response
nust be documented. The second step is relating the
nstrument response (i.e., screening value) to actual
‘oncentrations to develop an instrument response
wrve. The screening value response curve must be
jeveloped for the entire screening value range and
{ocumented so that screening values taken in the field
:an be adjusted to actual concentrations. Third, the
esting program should be sufficiently well documented
o demonstrate how the instrument will be used in the
screening program. For example, if the response time
sf the candidate instrument exceeds the- Methed 21
serformance specification, the test plan should reflect
idded screening time at each potential leak point to be
screened. Once this laboratory demonstration is
sompleted and the screening value correction curve is
astablished, the screening can begin.

4.3 Screening Protocols

4.3.1 Calibration

Before screening begins, the monitoring instrument
must be calibrated (U.S. EPA, 1988, p. 3-22). The VOC
analyzer is assembled and started up according to the

A (™

manufacturer’s instuctons. After the appropriate
warmup period, the person performing the test should
introduce zero gas into the sample probe, and set the
instrument meter readout to zero. He or she then
should introduce the calibration gas into the sample
probe, and adjust the instrument meter readout to
correspond to the calibration gas value. If the meter
readout cannot be adjusted to the proper value, a
malfunction of the instrument is indicated, and
corrective measures should be taken before the
instrument is used. The operator’s manual for each
instrument might help determine the cause of the
malfunction. Also, verifying that the calibration gas
contains the rated concentration of gas might be
appropriate.

4.3.2 Procedure for Screem'hg Equipment

The mechanics of the screening operation outlined in
Reference Method 21 are summarized in the following
discussion (U.S. EPA, 1992a). The operator places the
probe inlet at the surface of the leak interface where
leakage could occur. (The leak interface is the boundary
between the process fluid and the atmosphere.) The
probe must be perpendicular, not tangential, to the leak
interface o0 that inaccurate readings do not resuit.
Then the probe should be moved along the interface
periphery while the instrument readout is observed. If
the meter reading increases, the operator moves the
probe slowly along the interface where leakage is
indicated until the maximum meter reading is obtained.
The probe inlet should be left at this maximum reading
location for approximately two times the instrument
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Introduction

Sixteenth Edition
David Maboney, Editor

This sixteenth edition reviews 100 large property damage losses that occurred in the
hydrocarbon-chemical industries over the last 30 years. Although neariy all of the losses involved fires
or explosions, this edition includes several losses that resulted from natural hazards events. Offshore
and marine transportation losses are excluded from this publication, except for those losses involving
marine vessels moored at a plant dock. Of all the property damage losses that occurred in the
hydrocarbon-chemical industries during this period, we have selected 100 large losses that have
sufficient data available for a compiete account of each incident. '

The 100 large losses in this edition represent approximately $7 billion in property damage, stated in
January 1, 1995, doliars. The loss zmounts were trended using an inflation index for petroleum
equipment published by Industrial Risk Insurers, thus allowing a comparison of events on a constant
doilar basis over the 30-year period. The loss amounts include property damage, debris removal, and
cleanup costs; however, the costs of business interruption, €xtra €Xpense, employee injuries, and
liability claims are excluded.

Increased regulatory, safety, and environmental concerns have, in many cases, increased the cost of
permits, debris removal, and cleanup associated with large property damage losses. These concermns
relate to asbestos abatement, PCB removal, or cleanup of spilled oil or chemicals following a fire,
explosion, or.other loss event. These direct, on-premises cleanup costs traditionally have been
considered part of the property damage loss and, to the extent insurance is applicable, are paid by
property insurance underwriters. :

This edition includes eight new losses compared with the fifteenth edition, our last publication of
100 large property damage losses. Five of the new losses occurred in 1994 and one in each of the years
1993, 1991, and 1989. The five losses in 1994 totated $354,000,000 in property damage with an
average value of $70,800,000 per loss. Of these five losses, the two largest losses involved
petrochemical plants and totaled 5224,400,000 in property damage. Additionally, these two losses
represented 63 percent of the total property damage for the five Josses in 1994. The remaining three
new losses in 1993, 1991, and 1989 involved two cefineries and a synthetic fuels plant and totaled
$137,600,000 in property damage with an average value of $45,900,000 per loss. The other 92 large
property damage losses listed in this edition for the years 1965 through 1993 represented $6.56 billion
in property damage with an average value of $71,300,000 per loss.

Three of the large property damage losses in this edition resulted from natural hazards events such
as heavy rain, hurricane, and electrical storm. A petrochemical plant in Baytown, Texas, experienced
$25,000,000 in property damage on October 17, 1994, from heavy rain and subsequent flooding: a
refinery in St. Croix, Virgin Islands, experienced $62,000,000 in property damage on September 18,
1989, as a result of Hurricane Hugo; and a refinery in Deer Park, Texas experienced $68,000,000 in
property damage on September 1, 1979, as a result of an electrical storm and subsequent ship
explosion. The total trended property damage from these three losses is $215,300,000 with an average
value of $71,800,000 per loss. s

SHiy- 265 1
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While Hurricanes Andrew and Iniki in 1992 resulted in catastrophic “general property” '
damage losses, thes= natural hazards events did not cause 2 single catastrophic loss in the
hydrocarbon-chemical industries. However, the losses from these hurricanes had an adverse
impact on the overs] insurance market as discussed in the Insurance Broker's Perspective by
John Lapsley, Manazng Director, Marsh & Mclennan, Inc. The subsequent decrease in '
insurance market czpacity following these naturai hazards events resulted in an indirect,
undesirable effect ¢ the insurance for the hydrocarbon-chemical industries.

The large prope=ty damage losses have been grouped by type of complex into one of
five categories: Refincries, Petrochemical Plants, Gas Processing Plants, Terminals, and
Miscellaneous. The Miscellaneous category includes six losses involving an industrial resin
coatings plant, pair= manufacturing plant, synthetic fuels plant, natural gas transmission
compressor station. and two crude oil pipeline pump stations.

Acknowledgement .

M&M Protection Consultants would like to acknowledge the significant input from the
various sources interested in the prevention, mitigation, and analysis of large property
damage losses that makes this publication possible. We will continue to rely on information
provided from interested professionals as well as published sources, and we encourage
readers to bring errors, omissions, or additional information to our attention.

Additional copies of this publication are available through M&M Protection
Consultants.



An Insurance Broker’s Perspective

By Jobn J. Lapsley
Managing Director
Marsh & McLennan, Inc.

Thc year 1994 was friendly for insurers underwriting physical damage risks for onshore hydrocarbon
processing risks. It was the fourth consecutive year of premium increases and coverage discipline.
When examining large losses in this publication for the years 1991 through 1994, you could guess that
underwriters made quite a gain during this period, especially in 1993 and 1994 when rates remained
firm and energy portfolios ran free of catastrophes. .

On the other hand, during the prior four year pericd, 1987 through 1990, premium levels were at
their softest while large losses peaked. Many insurance markets unfortunately ceased underwriting
energy business during this period and have not enjoyed the 1991 through 1995 improvement.

It is difficult to state whether underwriting this ciass throughout both periods was profitable as
there are many other factors such as the availability of competitive catastrophe reinsurance, attachment
point(s) of the risk transfer(s), and contribution of investment income. Generally, most.markets express
the view that over the long term, this business has made positive underwriting margins.

It should be noted that energy underwriting is a business segment of property & casualty insurance
companies, reinsurance companies, and Lloyd's Syndicates. Our large loss publication lists only
property damage losses in the hydrocarbon/chemical industry. In addition to these large losses the
same markets have been absorbing an increasing amount of "general property” losses from an alarming
sequence of natural catastrophes.

Natural Disasters in Last 10 Years

Physical Damage (US $ Billions)
35

. Insured Losses
D Uninsured Losses
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Fig. 1
Early reports on 1985 Kaobe, Japan, earthquake indicate US $100 billion in damages.

It is too prematurs to estimale the amount insured; however, the best guass is I8ss
than US $5 billion.
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More importantly, at least to our clients, is the availability or supply of underwriting
capacity. It is this factor which gives insight on how much of the risk can be transferred and
how much pressure can be exerted by the market on the price. The following graphic
illustrates a general trend of capacity.

Supply of Onshore Energy Capacity

Capacity (US $ Millions)

2,500
LEGEND:
SIGNIFICANT EVENTS
2,000 1. Use of Master Drilling Rig Cover

2. Cantraction post Piper Alpha &
Pasagena explosions

3. IR1 withdraws from market

4. Zurich, AIG & CIGNA expand
capacity

5. Bermuda capacity evolves

6. Abundant reinsurance enters
and reenters market

1,500

0= : :
1087 1988 1983 1990 1991 1592 1993 1994 1985 1936
Year
* Fig. 2

The Hlustration assumes gross capacity availabie for fire and/or axpiosion risks at a market consensus premium.
Capacities reprassnt EML capacity usually available to major integrated oil companies considering the utilization of
marine and non-maring underwritars for anshorse fisks.

O.LL. is a mutual insurance organization made up of approximately 46 mamber energy companies. An additional
$150 million of capacity was available far O.1.L, members until 1988 when the fimit was increased to $300 million.
Dua to lack of reinsurance, the limit was reducad to $200 million in 1991 and has remained at that level.

In figure 2 the term EML (Estimated Maximum Loss) is used. The EML methodology is
used by sophisticated markets to estimate the worst case loss scenario for hydrocarbon
processing risks under normal conditions.

Another factor affecting capacity is the very conservative approach now adopted by
underwriters when calculating EML's based on vapor cloud explosion. Prior to the property
loss in Pasadena, Texas in 1989, EML’s for a plant typically would be around 15 percent of
the total site value. In the wake of the Pasadena incident, vapor cloud explosion methods
were drastically revised with the result that today EML's of around 30 percent are commof.

Not surprisingly, the insurance supply increases as rates rise and decreases as markets
dry up following catastrophes and underwriting losses. In this regard, we believe capacities
will continue to grow in 1995 and beyond at a faster pace with pricing stabilizing unless or
until large losses again impact underwriters’ earnings.

Losses, premiums, and capacities have been erratic in the insurance market for onshore
energy assets. To a large extent these factors are out of individual risk managers’ control and
their decisions are basically made within the parameters set by these factors.



The protection of these assets and the prevention of loss incidents are somewhat in the control of -
our clients; In view of this issue, all the major underwriting groups have invested in engineering
expertise as has Marsh & McLennan, Inc., through M&M Protection Consultants. Virtually, all major
onshore energy insurance programs, especiaily those covering business interruption, now contain an
engineering element. The engineering aspect both offers loss control advice to insureds and also assists
underwriters assemble data to choose their risks and determine adequate premium levels.

In conclusion, markets and clients are now both benefiting from the good results. We must keep in
mind that historically this specialized market segment is very fragile; in that poor underwriting results
swiftly change supply of capacity and ultimately rating. To suggest the current softening is one large
catastrophic loss away from hardening again is certainly a possibility. To this end, the brokers, clients,
and underwriters should all be in concert so that as marketing becomes easier the attention to the
engineering concerns should not be diminished.
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Refineries

07/24/94
Pembroke, United
Kingdom
$77,500,000
379,100,000

New this edition

A severe thunderstorm passed over the refincry between 7:20 a.m.and
9:00 2.m. on July 24. Lightning strikes resuited in 2 0.4 second power loss
and subsequent power dips throughout the refinery. Consequently,
numerous pumps and overhead fin-fan coolers tripped repeatedly,
resulting in the main crude column pressure safety valves lifting. Also,
major process unit upsets occurred in other refinery units, including
those within the fluid catalytic cracking (FCC) complex. This 90,000
barrel-per<day cracking complex, which includes the FCC unit, Butamer
unit, alkylation unit, and an idle hydrogen plant, is a joint venture of two
refining companies.

The refinery crude unit was shut down following ignition of vapor
escaping from the main crude column pressure safety valves by a
subsequent lightning strike. Except for the FCC unit itself, all units in the
cracking complex were also shut down. However, a process upset in the
FCC unit’s gas recovery section ultimately led to a high liquid level in the
on-plot flare drum and several shutdowns of the wet gas COMpressor
together with other process anomalies.

As a result of the wet gas compressor shutdown, there was a large vapor
load on the FCC flare system, which lead to a high liquid level in the
on-plot flare drum. When the hydrocarbon liquid overflowed into the
oudlet line of this drum, the line ruptured due to mechanical shock. A
pulsing leak appeared at the flare drum discharge elbow where the outlet
line had ruptured and fallen to the ground. The hydrocarbon liquid and
vapor mixture released from this flare system became an explosive
mixture that drifted within the process area prior to being ignited by 2
heater. The explosion, which occurred at 1:23 p.m., was centered in the
process area approximately 360 feet (110 meters) from the FCC on-plot
flare drum.

Following the explosion, a2 number of isolated fires conticued to burn at
locations within the FCC, Butamer, and alkylation units. Ini view of the
entrained hydrocarbons in damaged areas of the plant and 2
non-operative flare system, these small fires were allowed to burn out
under controlled conditions with the last fire being extinguished on the
morming of July 27. The fire fighting was handled by the refinery
emergency services with assistance from the Dyfed County Fire Service.

As a result of this incident, an estimated 10 percent of the total refining
capacity in the United Kingdom was lost until this complex was returned
to service. The business interruption loss for this incident is estimated at

_ $70,000,000, which reflects four and one-half months of downtime.
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08/02/93

Baton Rouge, Louisiana
United States
$65,200,000

$68,500,000

New this edition

Operations were normal at this 421,000 barrels-per-day refinery when a
fire occurred at 4:21 2.m. in the central unit of three delayed coker units,
which have throughput capacities of 32,000 barrels-per-day each. Each
unit consists of four 100-foot metal coke drums set about 40 feet above
grade and topped with 100-foot high drilling derricks

Operators were in the process of switching feed from "D" drum to "C"
drum and two contractors were preparing to cut the coke in "D" drum
when a 45-degree elbow in the feed line ruptured, releasing hydrocarbon
at the 40-foot level. This G-inch diameter elbow was made of carbon steel
instead of 5 percent chrome alloy steel, which was required by the
design specifications because some of the pipes in this unit area reach
temperatures up to 900 degrees E An investigation indicated that the
piping on each side of the ruptured elbow, which was fabricated and
installed in 1963, was of the proper alloy steel.

The sustained, intense fire caused other pipes in the unit area to rupture,
releasing additional hydroca.rbons and involving the entire structure in
fire. As a result of the fire, two of the drilling derricks were completely
destroyed and the two remaining derricks were partially damaged. There
was also significant damage to the coke drums, electrical,
instrumentation, and associated equipment in the central unit.

Upon report of the fire,approximately 12 members of the refinery
primary fire brigade arrived within minutes at the delayed coker
unit.These brigade members were supplemented within 15 minutes by
an additional 83 members from the refinery primary and volunteer fire
brigades, and the fire brigade from an adjacent chemical plant. The Baton
Rouge Fire Department went to the scene and was available to assist
these fire brigades but did not actively fight the fire. These fire brigades
battled an intense fire for nearly three hours until all sources of fuel were
shut off. The small fires that continued to flare-up in the unit were
completely extinguished by 6:00 p.m.

Because of this incident, the west coker unit was shut down for a period
of three weeks for testing, and the east unit was shut down for a slightly
longer period while investigators checked the piping in this unit for
proper metals. The central unit may be shut down for a period of up to
one year, which represents the time necessary to repair this unit.

11/9/92
La Mede, France
$260,000,000

$278,200,000 -

Trended values in bold iialic type

Operations were normal at this 136,000 barrels-per-day refinery when a
vapor cloud explosion occurred in the 29,700 barrels-per-day fluid
catalytic cracking (FCC) unit. The initial vapor cloud explosion and
several subsequent lesser explosions could be heard in Marseille,
approximately 18 miles from the refinery. An estimated 11,000 pounds of
light hydrocarbons were involved in the initial explosion.

At approximately 5:17 a.m., a gas detection system in the FCC unit
sounded an alarm, indicating a major gas leak in this unit. While the unit
operator was contacting the security service to warn of this situation, the
initial explosion occurred at approximately 5:20 a.m. The initial gas
release is believed to have resulted from a pipe rupture in the gas plant,
which is used to recover butane and propane produced in the FCC unit.
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The explosions and subsequent fires devastated about two hectares of
this refinery, which covers a total area of about 250 hectares. The FCC
L=nit and associated control building were destroyed by this incident. Two
rew process units under construction, which were scheduled to come
iato operation in 1993, were seriously damaged. Outside the refinery,
>0fs were damaged in the nearby town of Chateauneuf les Martigues
znd windows were broken within a radius of 3,000 feet, with some
windows broken up to six miles away. - ‘

The refinery fire brigade and over 250 fire fighters from three
aeighboring industrial sites and four nearby towns were used for more
than six hours to bring this incident under control. Approximately 37,000
gallons of foam concéntrate were used during the fire fighting effort.
Some fires were intentionally left burning for a few hours after the
incident was under conitrol to allow safe depressurizing of the process
units since the flare system was partially damaged by the explosions.

The business interruption loss associated with this incident is estimated
at $180,000,000.

10/16/92
Sodegaura, Japan
$160,500,000
$171,700,000

An explosion and subsequent fire resulted in significant property damage
at this 126,600 barrels-per-day refinery. The explosion occurred from a
heart exchanger failure in the light oif hydrodesulfurization unit. The
channel cover and lock ring of the heat exchanger were hurled into an
adjacent factory, which was located approximately 650 feet from this

" plant. The channel cover and lock ring were each 60 inches in diameter,

and weighed 4,000 pounds and 2,000 pounds, respectively.

The hydrodesulfurization unit was being restarted following catalyst
exchanging work when plant personnel noticed that hydrocarbon was
being released from the heat exchanger. Plant personnel were working to
complete the additional tightening work required on the heat exchanger
bolts due to thermal expansion when the explosion occurred at
approximately 3:55 p.m. The subsequent fire was brought under control
in two hours and 45 minutes by fire fighters using 15 fire trucks.
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10/8/92

Wilmington, California
. United States
578,300,000
$83,800,000

An explosion originating in the hydrogen processing unit occurred at
9:43 p.m. in this 75,000 barrels-per-day refinery. Extensive damage
resulted to the hydrocracker, hydrodesulfurization, and hydrogen
processing units because of the explosion and subsequent fires, which
were fueled by hydrocarbon released from a damaged process column
and equipment. This explosion, which damaged nearby buildings and
shattered windows several miles away, was recorded as a "sonic boom™ at
the California Institute of Technology in Pasadena, California,
approximately 20 miles from this 350-acre refinery.

The explosion resulted from the rupture of a six-inch carbon steel
90-degree elbow (outside radius) and the release of a
hydrocarbon/hydrogen mixture to the atmosphere.The vapor cloud
ignited within seconds after the rupture at an undetermined point in the
plant. A review of process data showed that there were no out-of-range or
warning indications about the incident until after the time the elbow had
failed. The Los Angeles Department of Water and Power delivers

electricity to the refinery and about tweive hours before the incident thid
refinery had a power outage. A review of the information showed that the
power outage and restart were not a contributory cause of the incident.
An inspection after the failure found the line at nearly full design
thickness a short distance away from the failure. On these facts, it was
concluded that the line failure was the result of the thinning of the
Schedule 120 carbon steel elbow due to long term erosion/corrosion.

The fire fighting effort was coordinated by the refinery emergency
response team, with the Los Angeles City Fire Department and Los
Angeles County Fire Department using the Joint Incident Command
System. The refinery emergency response team, under the observation of
the Coast Guard, placed booms in the Dominguez Channel storm drain to
stop oily water run-off generated by the fire fighting operations from
reaching the Los Angeles Harbor. The fire was finally extinguished at 2:00
a.m.on October 11.

Because of this incident, the refinery’s gasoline production was reduced
to 35,000 barrels-per-day, which is approximately 70 percent of rated
capacity, until repairs to the damaged process units were complete. In
early May 1993, the repairs to these units were 95 percent complete.

12/10/91

North Rhine
Westphalia, Germany
$50,500,000
$54,500,000

New this edition

Trended values in bold italic type

A pipe failure in the Tjunctions area of a collector for an air cooler in the
high pressure section of the hydrocracker unit resulted in a release of
hydrocarbons and hydrogen, which subsequently ignited. A substantial
part of this plant was destroyed by the explosion and subsequent fire.
The cause of the pipe failure was attributed to an increase in
erosion/corrosion behind the air cooler due to a plant process change.

Because of this incident, the hydrocracker unit was shut down for
approximately seven months and a business interruption loss of nearly
$90,000,000 was incurred at this plant.
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1 11/3/91
Beaumont, Texas
United States
$15,000,000

' $16,200,000

At approximately 2 a.m., a fire occurred in a crude unit of this 310,000
barrels-per-day refinery. This fire resulted from a seal failure on a process
pump in this unit. Before the pump couid be shut down and isolated, the
fire spread, resulting in damage to the piping, pumps, instrumentation,
and fin-fan coolers for this unit.

To control and extinguish the fire, a fire fighting effort was required from
the refinery fire brigade, municipal fire department, and fire brigades
from nearby mutual-aid companies. The fire fighting effort brought the
fire under control in three t6 four hours and achieved total
extinguishment in approximately 10 hours. During the fire, water was
drafted from the nearby Neches River and pumped into the refinery Inlet
Canal to ensure an adequate water supply for the fire water pumps that
take suction from this canal. '

Because of this incident, the crude unit was shut down for approximately
30 days for repairs.

4/13/91
Sweeny, Texas
United States
$36,500,000
$39,400,000

A series of three explosions damaged the atmospheric residuum
desulfurization (ARDS) unit and the adjacent hydrotreater at this 175,000
barrels-per-day refinery. The initial explosion occurred at approximately
2:25 p.m.and originated near the third reactor of the "B" train in the
ARDS unit. This reactor, which was significantly damaged, had an 11-inch
wall thickness and operated at approximately 2,000 psi of pressure. This
75,000 barrels-per-day ARDS unit was used to extract sulfur and heavy
“metals from crude oil in the refining process.

A downtime of approximately 17 months was required to replace the
reactor and associated process equipment since there were relatively few
suppliers capable of manufacturing or repairing this type of reactor.
Additional factors in the length of downtime were the congestion of
other process equipment near the damaged reactor and asbestos
insulation in the ARDS unit. With respect to the restoration of the ARDS
unit, approximately 36,000 barrels-per-day of throughput capacity was
restored by December 1991 and 64,500 barrels-per-day by August 1992.
The unit was back to full operating capaciry by September 1992.

A business interruption loss of approximately $225,000,000 resulted
from this incident.

3/3/91

Lake Charles, Louisiana

10

United States
$23,000,000
324,800,000

An explosion and fire occurred at approximately 11:00 p.m.ina 50,000
barrel-per-day fluid catalytic cracking (FCC) unit, which was being
brought on-line after 2 seven-week shutdown for maintenance. During
the start-up, a drain vaive at the bottom of a pressure vessel was
improperly closed, letting water accumulate in the vessel. When
superheated oil was allowed into the vessel and mixed with the water,a
stearn explosion resulted, rupturing the vessel. The oil released from this
vesse! ignited and fire engulfed the FCC unit.

After the explosion, plant operators isolated the involved FCC unit and
two other FCC units at this refinery. The fire then burned itself out at
approximately 1:30 a.m. The two other FCC units were brought back
on-line since they were not damaged by the explosion or subsequent fire.
The business interruption loss associated with this incident is estimated
at $44,000,000.

Trended values in bold italic lype
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1/12/91 A fire occurred because of a seal failure on a pump for the crude unit
Port Arthur, Texas atmospheric tower. Before the pump could be shut down and isolated, a
"~ United States  second product release occurred, spreading the fire. Subsequently, an
$25.500,000 eclevated reflux drum and several process lines overheated and ruptured,
$27.500,000 increasing the damage to the unit.
Because of this incident, the crude unit was shut down for six months,
which resulted in a business interruption loss of approximately
$76,000,000.
11/30/90 A fire at this 530,000 barrels-per-day refinery completely damaged two
Ras Tanura, fractionating columns, which were used in the production of kerosene
Saudi Arabia and diesel fuel. Because of this incident, the refinery was shut down for a
$32,000,000 two-week period for repairs. The refinery was then brought on line with
. $35,500,000 a production capacity of 300,000 barrels-per-day. Since complete repairs
for the fractionating columns will take additional time, it is unknown
when the rcﬁncry will be operating at full capacity.
The business mterruptmn loss associated with this incident is estimated
at $20,000,000.
11/3/90 At approximately 11:21 p.m.,a vapor cloud explosion occurred in the

Chalmette, Louisiana
United States
$20,000,000

*$22 200,000

hydrocracker unit of this 160,000 barrels-per-day refinery. A mechanical
failure involving the shell of a heat exchanger in this unit resulted in the
formation of a vapor cloud, which was ignited by a heater. The
subsequent fires in this unit burned for 10 to 12 hours before they were
extinguished by the refinery fire brigade with mutual aid assistance.

As a result of this incident, the hydrocracker unit was shut down for
approximately three months for repairs. However, the fire damage was
limited to the hydrocracker unit and the refinery was brought back
online within one week.

4/1/90
‘Warren, Pennsylvania

United States .

$25,000,000
327,800,000

Trended values in bold italic type

An operator was draining water from the debutanizer system of the fluid
catalytic cracking (FCC) gas plant when liguefied petroleum gas (LPG)
was suddenly released. The LPG release continued at this 65,000
barrels-per-day refinery since the operator panicked and left the FCC gas
plant. Subsequently, an ignition occurred resulting in an explosion and
fire.
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~ Baton Rouge, Louisiana.

12/24/89

United States
$68,900,000
377,200,000

An eight-inch pipeline operating at approximately 700 psi ruptured,
releasing a mix of ethane and propane. The record low temperature of 10
degrees F is believed to have contributed to the rupture. After a few
minutes, the resulting vapor cloud was ignited causing an expiosion.

The explosion shattered windows up to six miles away and could be felt
as far as 15 miles away. Seventeen additional pipelines, in a pipe rack
containing 70 lines, were ruptured by the explosion. The resulting fire
involved two large storage tanks holding approximately 3.6 million
gallons of diesel, twelve small tanks containing a total of 882,000 gallons
of lube oil, and two separator units.

The explosion resulted in the partial loss of electricity, steam, and fire
water for the refinery since two power lines, two steam lines,and a
12-inch fire water line were located in this pipe rack. Upon the initial
explosion, the lines for the dock fire pumps were damaged. Therefore, the
water for fire fighting had to be supplied with the remaining plant fire
pumps and municipal fire trucks taking draft from aiternate sources.

Approximately 48,000 gallons of AFFF foam concentrate, 200 fire brigade
members, and 13 pumper units were used during the fire fighting effort,
which was successful in extinguishing the fire approximately 14 hours
after the initial explosion.

Because of this incident, the refinery was completely shut down for three
days and operated at reduced capacity for an additional three weeks.

9/18/89

St. Croix, Virgin Islands

$62,000,000
369,400,000

Hurricane Hugo struck this refinery, causing extensive damage to
fourteen of the 500,000 to 600,000 barrel storage tanks in the tank farm
area, the administration building, and the company housing. The damage
10 process units, which were idled in preparation for the hurricane, was
limited to the asbestos insulation on process columns and piping. A
maximum wind speed of 192 mph was reported for this hurricane before
the measuring device at the St. Croix airport was darmaged.

Because of the damaged asbestos insulation, approximately 1,500
employees and contractors worked seven days per week for 15 weeks to
remove the asbestos debris from the refinery at a substantial extra
expense. Additionally, an outside contractor specializing in the
construction of atmospheric storage tanks worked for more than one
year rebuilding the 14 storage tanks damaged in the tank farm.

12

. _ 9/5/89
Martinez, California
United States
$48,200,000
354,000,000

A fire or explosion occurred in a hydrotreater unit which was processing
feedstock from the fluid catalytic cracking unit at the time of the incident.
A failure occurred in a line downstream from a separator, resulting in the
release of hydrogen and hydrocarbons in the unit. The cause of line
failure, source of ignition, and process equipment involved is unknown at
this time. :

To control and extinguish the fire, a massive fire fighting effort was
required from the refinery fire brigade, the fire brigades from nearby
plants, and the municipal fire department.
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4/10/89

Richmond, California
United States
$87,200,000
597,600,000

A 2-inch line carrying hydrogen gas at 3,000 psi failed at a weld, resulting
in 2 high pressure hydrogen fire. The fire resulted in flame impingement
on the calcium silicate insulation of the skirt for a 100-foot high reactor
in a hydrocracker unit. The steel skirt for this reactor, which was 10 to 12
feet in diameter and had a wall thickness of 7 inches, subsequently failed.
The collapse of this reactor damaged fin-fan coolers and other process
equipment, greatly increasing the size of the loss.

At the time of the loss, the hydrocracker unit was being shut down for
maintenance and the reactor was in a hydrogen purge cycle. The initial
hydrogen leak is believed to have resulted from the failure of an elbow 10
reducer weld in the 2-inch hydrogen preheat exchanger bypass line.

Because of this incident, approximately 25 percent of the refinery’s
throughput capacity, including the complete hydrocracker unit
production, was lost for a period of five months. The repairs for this
refinery were completed within two years.

6/8/88

Port Arthur, Texas
United States
$11,000,000
512,700,000

A catastrophic failure of a 6-inch propane line and ignition of the
resulting vapor cloud at a refinery tank pump station led to the
subsequent failure of numerous other lines in the 50-foot-wide pipe
trench. The intense fire quickly involved four 18,000 barrel, internal
floating roof blending tanks containing raffinate, debutanized aromatic
concentrate, and slop.Three of the tanks were lined up to piping in the
trench and there was difficulty isolating the tanks and pipelines. Two
empty spheroids were heavily exposed.The fire spread throughout the
trench, which contained as many as 35 lines for a distance of 1,300 feet.

The refinery fire water system supplemented by 10,000 feet of 5-inch
hose delivered 9,000 gpm of water to the fire area for foam production
and exposure cooling. A very strong mutual aid response with foam
supplies flown in from distances of up to 1,500 miles extinguished the
fire 20 hours later. ’

5/5/88

Norco, Louisiana
United States
$254,700,000
3292,900,000

Trended values in bold italic type

Operations were normal in a 90,000 barrels-per-day fluid cataiytic
cracking (FCC) unit when internal corrosion caused the failure of the
outside radius of an 8inch carbon steel elbow located 50 feet above
grade in the depropanizer column overhead piping system. An estimated
20,000 pounds of C3 hydrocarbons escaped through the resulting hole,
forming a large vapor cloud during the 30 seconds between failure and
ignition. Both the depropanizer column (operating at 270 psi at 130
degrees F) and the accumulator depressured through the opening.

Ignition of the vapor cloud probably was caused by the FCC charge
heater. The initial blast destroyed the FCC control building and toppled
the 26-foot-diameter main fractionator from its 15-foot-high concrete
pedestal. The column separated from its 10-foot-high skirt before falling.
Analysis of boit stretching of towers in the blast path indicated
overpressures as high as 10 psi.

SHA 277 13



Refineries

~The refinery immediately lost all utilities, including fire water and the
Iour diesel fire pumps, greatly limiting the fire fighting effort for several
=.ours. Steam pressure dropped abruptly due to severed lines. Twenty
=ajor line or vessel failures occurred in the FCC and elsewhere
~rroughout the 215,000 barrels-per-day refinery. Blast damage throughout
-he plant was extensive, but was most severe in the 300-foot by 600-foot

'=CC unit. About 5,200 property claims were received for off-site damage

at distances up to six miles. The FCC unit eventually was demolished and
z new unit will be built.

 preliminary report stated that the failed elbow was located
Zownstream of the injection point where ammoniated water was added
-5 reduce depropanizer condensation or fouling. The elbow was a
cesignated inspection point in the overhead piping system for taking
+ltrasonic thickness measurements during turnarounds. These
:nspections had constantly shown the expected corrosion rates of 0.05
mils per year. Measurements taken at the failed elbow and in the
c¢ownstream piping after the explosion revealed unexpected high
iocalized corrosion rates.

3/22/87
Grangemouth,
United Kingdom
$78,500,000
393,400,000

A 29,000 barrels-per-day distillate hydrocracking unit was undergoing
swart-up and was under hydrogen pressure and circulation with the
kvdrogen leak-off from the high pressure separator at 1,500 psi to the
low pressure separator at 150 psi being regulated by two control valves

_in series. When the control valves were placed in manual mode, they

opened fully and overpressured the low pressure separator whose relief
valves were not sized for such an occurrence. The 30-foot high, 10-foot
diameter separator exploded and disintegrated. One piece weighing three
tons was thrown 3,300 feet.

Fire fighting was conducted by the refinery fire brigade and 23 outside
pumpers, foam trucks, and other equipment. Within one and one-half
hours, 31 foam and water streams were discharging 12,000 U.S. gpm on
the fire. Sewers were unable to cope with the flow and hydrocarbons
began bubbling up from drains in other parts of the plant. The drainage
svstem also became blocked by large quantities of a heavy waxy material.
Eventually, water covered a 380,000 square foot (8.7 acre) area. A total of
270,600 U.S. gallons of foam concentrate were used to blanket the
hydrocarbon which was floating on the water. Final extinguishment was
achieved approximately 19 hours after a nitrogen purge of the
hydrocracking unit was jnitiated.

12/13/84

Las Piedras, Venezuela

14

$62,100,000
$78,200,000

A straight run of 8-inch line carrying hot ail from the high pressure
separator to the low pressure stripper in a refinery hydrodesulfurizer
fractured circumferentially in the parent metal in the heat zone about
one and one-half inches from a weld. Hot oil at 700 psi and 650 degrees F
sprayed across the roadway into the hvdrogen units where ignition
occurred. Intense fire around the pipeway in the hydrogen plant caused a
16inch gas line to rupture, adding a second blowtorch to the fire.In
successive order, more pipes ruptured with explosive force in adjacent
areas.
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The fire caused a crash shutdown of the entire 600,000 barre}perday
refinery. After six and one-half hours, the fire was extinguished. Damage
was extensive. The three hydrogen plants and the four HDS units were
heavily damaged or destroyed. Four years after the plant was built and
nine years before the loss, the line which failed was judged as having
excessive vibration. It is believed that the hot oil line failed in fatigue,
largely due to hydrogen embrittlement. ‘

8/15/84

Ft. McMurray, Alberta
Canada

$76,000,000

$95,800,000

\

Erosion failure in a 10-inch slurry recycle oil line in an 82,000
barrels-per-day fluid bed coking unit refeased liquids near auto-ignition
temperature. Vapors covered a large area and ignited almost immediately,
resulting in a large area ground fire which led to the failure of six or
seven more lines. The fire eventually extended over a 150 foot area with
damage up in the unit structure to over 100 feet.

Metallurgical examination revealed that an 18inch long piece of carbon
steel pipe had inadvertently been inserted into the 5-chrome slurry
recycle line during an earlier metals inspection.

The reactor fractionator, light gas-oil stripper, 15,000 horsepower air
blower, pumps, pipe racks, etc., were severely damaged or destroyed.

About 2,700 barrels of hydrocarbon liquids were released from process
equipment during the fire. Much of this was by gravity flow from

~ ruptured lines, although pumps which couid not be shut down

contributed much of the flow. A 900 psig steam line, which supplied the
turbine drivers of the compressors, ruptured, hampering the fire fighting
efforts. :

7/23/84

Romeoville, Illinois
United States
$191,000,000
$240,700,000

Trended values in bold italic type

Just prior to the rupture of a 55-foot high 8-1/2 foot diameter
monoethanolamine (MEA) absorber column, a refinery operator noted a
G-inch horizontal crack at a circumferential weld was leaking propane. As
the operator attempted to close the inlet valve, the crack spread to about
24 inches. The area was being evacuated and the plant fire brigade were
arriving when the column failed massively. Propane at 200 psig at 100
degrees F propelled most of the 20-ton vessel 3,500 feet where it struck
and roppled a 138,000 volt power transmission tower.

The weld separation occurred along a lower girth weld joint made during
a repair to the column 10 years earlier. The vessel was constructed of
1-inch thick SA 516 Gr 70 steel plates rolled and welded with full
penetration submerged arc joints, but without post-weld heat treatment.

This explosion resulted in severe fires in the unsarurated gas plant, FCC,
and alkylation units. After about one-half hour, a boiling liquid expanding
vapor explosion (BLEVE) occurred in a large process vessel in the
alkylation unit. One piece of this vessel traveled 500 feet shearing off
pipelines before striking a tank in the water treatment unit. Another
fragment landed in a Unifining unit over 600 feet distant causing a major
fire there.
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The first explosion, believed to be from an unconfined vapor cloud,
k-oke windows up to six miles from the plant, caused extensive
s=uctural damage to refinery service buildings and disrupted all electric
power at the refinery, rendering 2 2,500 gpm electric fire pump
icoperable. One explosion sheared off a hydrant barrel, resulting ina
reduction of fire water pressure from the two 2,500 gpm diesel engine
d-iven fire pumps, which were operating. The refinery’s biast resistant
control center, approximately 400 feet northeast of the absorber,
sustained little structural damage. '

An estimated 30 paid and volunteer public fire departments, together
with equipment from refineries and chemical plants within a 20-mile
radius, responded promptly. Many pumpers took suction from the
adjoining canal and a nearby quarry. The pumpers and a 12,000 gpm fire
boat eventually provided water at pressures sufficient for fire fighting.

16

8/30/83

Milford Haven,
United Kingdom
$11,100,000
314,500,000

The most likely source of ignition of this 600,000-barrel floating roof tank
fire was incandescent carbon particles discharged from the top ofa
250-foot high refinery flare stack situated 350 feet from the tank. The
256-foot-diameter by 66-foot-high tank, which contained 348,000 barrels
of North Sea crude at the time of ignition, was arranged within a standard
individual dike. It had a single mechanical seal and was equipped with a
12-inch high foam dam but no foam delivery lines or outlets. Reportedly,
there were several cracks extending over 11 inches on the single plate

_ floating roof. Inspections of the roof a few days before the fire revealed

oil seepage onto the roof deck. There had been no oil transfer in the 24
hours preceding the fire.

When first noticed, fire involved about half the tank roof area.It
progressively spread to the entire surface. Cooling water streams werc
positioned to protect two 138-foot diameter, 142,000-barrel fixed roof
vacuum gas oil and fuel oil tanks situated 200 feet away. Oils were being
pumped out of the three tanks in preparation for 2 major foam attack
when, 12 hours into the fire,a violent boilover occurred in the crude
tank. The ensuing fire covered four acres and destroyed or damaged
much of the fire fighting equipment including two foam trucks. This was
followed two hours later by a second less violent boilover. The major
foam attack, which commenced 21 hours after ignition, continued for
14-1,/2 hours before extinguishment was complete. The crude tank was
destroyed, two fixed roof tanks badly damaged, and 132,000 barrels of
crude oil consumed.,

This fire involved the use of 44 pumpers, six elevating platforms, and 14
foarn trucks from four nearby refineries and the public fire service.In
addition, 66 commercial tankers and vehicles transported the 201,600
U.S. gallons of 3 percent and 6 percent foam concentrate.
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4/7/83

Avon, California
United States
$49,000,000
364,100,000

Rupture of a 12-inch recycle slurry line in a 47,000 barrei-per-day FCC
unit resulted in immediate ignition of the sturry. The failure occurred in a
pipe rack 12 feet above grade. The shurry line pressure was estimated to
be berween 120 and 160 psi at a temperature of 660 to 700 degrees E
Shortly thereafter,a 600 psi steam line failed a few feet from the slurry
line. It hampered fire fighting efforts due to extreme noise levels and the
vaporizing of liquid hydrocarbons. Water spray of a pump alley and strong
refinery water supplies allowed containment of the fire to a 70-foot by
140-foot area of the FCC unit. The FCC reactor, regenerator, fractionator,
as well as related piping instrumentation, and electrical equipment
sustained severe damage.

. 8/20/81
Shuaiba, Kuwait
$100,000,000
$148,000,000

The cause of this refinery tank farm fire, which destroyed eight tanks and
damaged several others, has not been disclosed. It appears to have
originated at a pump manifoid within the comumon dike serving six
160,000-barre! floating roof tanks containing petrochemical grade
naphtha, Naphtha was being pumped into one of the tanks when the
initial explosion and fire occurred.

About one-half hour into the fire, the seal of the first tank caught fire.
This event was followed rapidly by two other seal fires. Fires spread
progressively, eventually involving five of the six tanks in the group. The
sixth tank was empty and sustained severe damage.

A strong fire fighting attack was initially made by the refinery fire brigade,
later assisted by nearby industrial fire brigades, and military and public
fire departments. As many as 75 pieces of mobile fire fighting equipment
were used to supply up to 11,000 U.S. gpm of water and foam solution
during the fire which lasted five days and twenty hours.

In spite of heavy protective water streams, a SLrong wind and radiated
heat caused the fire to spread into an adjoining row of four 72,000-barrel
floating roof tanks containing intermediate products and to a fixed roof
32,000-barrel slop tank. This took place 64 to 103 hours after the fire
began. '

- Wind-driven flames caused the collapse of a heavily loaded unprotected

steel pipe rack located between the two rows of three tanks. Water
curtains set up between the tank groups and nearby process units at the
200,000 barrel-per-day refinery and petrochemical plant were effective.
Damage was split 50-50 between liquid hydrocarbons and tanks and

- other equipment,

1/20/80
Borger, Texas
United States
$34,900,000
$56,900,000

A piping or vessel failure in a 16,800 barrels-per-day HF alkylation unit
was the cause of this incident. Reportedly, water which accumulated in
the flare system froze on contact with propane, forming an ice plug.
Equipment in the alkylation unit overpressured and subsequently failed. ¢
large vapor cloud explosion and the ensuing fire destroyed the alkylation
unit and boiler plant,and resulted in varying degrees of damage to the
crude, FCC, gas converter, reformer, and treating units.

Because of this incident, the entire refinery was shut down for repairs.
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12/11/79

Geelong, Australia
$11,200,000
$19,900,000

2 inboard roller bearing failure in a reduced crude pump operating at -
270 degrees F in a refinery crude unit initiated the fractures of the motor’
s7aft and pump bearing bracket. The pump casing then broke open
zlowing the release of hot oil which auto-ignited. Since the pump was
—nly equipped with manually operated suction valves which could not be
==ached and the column had no isolation valve, the crude oil in the
<olumn was released fueling the fire.

.ccess to the fire area was difficult and the table-top above the pump
zilowed the rapid spread of fire over a wide area, eventually engulfing the
«ntire pump house. Secondary pipe and flange failures contributed
Zarther fuel to the fire. The pump house, concrete structures, and fin-fans
—ere destroyed in the fire, which was extinguished by the use of 12 hand

.EZnes and 15 portable monitor nozzles for 14 hours.

9/1/79

Deer Park, Texas
United States
$68,000,000
$120,400,000

Nearly simultaneous explosions aboard a 70,000 DWT tanker off-loading
+acuum distillate and in an 80,000-barrel ethanol tank ar a refinery
cccurred during a severe electrical storm. The ethano] tank was ignited
=hen a plate section of the exploded tanker flew through the air and
szruck the tank, causing it to explode and burn.

The ship, tied up at the refinery dock, had discharged all but 50,000
barrels of its 128,000-barrel cargo when the explosion occurred.
Unloading had been suspended minutes earlier because of a storm in the
zrea. Explosions within the ship’s holds spread 5,000 to 10,000 barrels of

- burning distillate on the water. This involved several nearby docks and

four gasoline and crude oil barges.

The 120-foot diameter cone roof ethanol tank was about one-third fiall
and burned itself out in about 14 minutes.

7/21/79

Texas City, Texas
United States
$23,000,000
$40,800,000

18

Liquid and gaseous hydrocarbons at 265 psi were released through
failure of a 12-inch elbow in a line from a reflux accumulator serving the
depropanizer overhead condensing system of a sulfuric acid alkylation
unit. An estimated 4,000 to 5,000 gallons of liquids were discharged,
forming a large vapor cloud which traveled about 640 feet downwind to
a FCC unit. Ignition occurred an estimated two minutes after the initial
release. The alkylation and FCC units, the CO boiler and control building
sustained heavy structural damage. Four cooling towers and another
control house were moderately damaged. Windows were broken one and
one-half miles away.
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10/3/78

Denver, Colorado
United States
$21,900,000
541,900,000

Two weeks after the initial start-up of a new catalytic polymerization unit
a pipe from the stabilizer reboiler failed and released propane gas. The
resulting vapor cloud probably was ignited by a heater 300 feet from the
point of release. The biast and ensuing fire destroyed the catalytic
polymerization unit and heavily damaged other refining units.

5/30/78

Texas City, Texas
United States
$55,000,000
$105,100,000

Cause of this Joss which started in a refinery alkylation unit tank farm is
unknown. An unidentified failure led to the release of light hydrocarbons
which spread to an ignition source. A rather intense fire followed in the
tank farm. In less than five minutes, a 5,000-barrel sphere failed, causing :
tremendous fireball and sending pieces of the sphere throughout the
plant. Within the next 20 minutes, five 1,000-barrel horizontal bullets, fou
1,000-barrel vertical bullets, and one additional 5,000-barrel sphere failed
from either missile damage or BLEVEs. Pieces of the tanks traveled in all
directions, falling into a number of operating units and tank farms,
starting more fires. Fragments also hit the fire water storage tank and
electric fire pumps, leaving only the two diesel fire pumps operational.

10/17/77

Baton Rouge, Louisiana
United States

§9.,500,000

$19,500,000

A new preheat furnace for a FCC unit was demolished by an explosion
caused by an accidental short circuit created while the furnace
instrumentation was being relocated to a new central control building. A.
adjoining furnace also serving a FCC unit was severely damaged by the
explosion and resulting fire. The short circuit interrupted power suppiy
for almost five minutes to instruments on both furnaces. Shutdown and
control valves, used in series on both pilot gas and fuel gas on both
furnaces, closed with loss of power. This extinguished all flames in both
furnaces. When the fault was discovered and removed, power was
restored immediately. This reopened the control valves to both furnaces
and the shutdown valves on one furnace.

Gas re-entered the fire box and apparently was ignited by hot refractory.
The shutdown vaive on the second heater locked in a closed position,
preventing gas re-entry and a similar explosion in the second heater. Th-
fire was contained within the furnace area, but lasted almost one and
one-half hours.

9/24/77

Romeoville, lllinois
United States
$8,000,000
$16,200,000

Trended values in bold #talic type

Lightning struck a 190-foot diameter cone roof tank containing diesel
fuel. Roof fragments thrown 240 feet struck a 100-foot diameter coverec
floating roof gasoline tank. A 180-foot floating roof gasoline tank at 80
feet distance was also struck by debris. The entire surfaces of the cone
and internal floating roof tanks ignited immediately. The rim fire on the
floating roof resulted in the roof sinking after about four hours. The twc
largest tanks were full; the smallest about half full. The two larger tanks
and their contents were destroyed. The fire in the internal floating roof
tank was extinguished after about two hours.

Extinguishment was by top-side and sub-surface foam application after
about 46 hours. The refinery's five stationary fire pumps supplied up to
10,000 gpm of the estimated 14,000 gpm pusmiped during tie fire.
Thirty-five municipal and industrial fire departments, including a 12,000
gpm fire boat, assisted the refinery fire department. Abcut 22,000 gallon
of foam concentrate were consumed during the fire fighiting effort.
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10/14/75

Avon, California
United States
$6,300,000
314,700,000

Two weeks after coming on-stream following repairs from a March 16
loss, a second major fire occurred in this 42,000 barrels-per-day fluid
coking unit. v

The unit had been operating normalily since start-up when operators
noticed a rapidly developing vapor cloud. Quick investigation revealed
that the vapor was coming from the coker slurry quench recycle pump.
Ignition occurred before the suction or discharge valves could be fully
closed to isolate the pump. Immediately, remote operated vaives werc
activated from the control room. These had been installed afterand as a

' result of the first fire. None of the valves operated, since unprotected

instrumentation lines had already been destroyed, and ail control was lost.

Early in the fire, the bonnet of a 600 psi steam line biew off and the
steam, acting as an atomizer, spread the fire considerably. Additional
product lines ruprured contributing liquid and gaseous fuels to the fire,
which burned for about an hour. Damage was extensive to all levels of
the coker structure and pipe rack which adjoined the pump.

The investigation revealed that a monel bull plug-on the pump blew out
releasing shurry at 750 degrees F at 250 psi. The plug had been installed
during original construction 19 years earlier and had since been
untouched. Reportedly, the plug had been inserted only one and
one-quarter turns.

20

8/17/75

Philadelphia, "

Pennsylvania
United States
$13,000,000
330,300,000

Crude oil was being offloaded from a tanker at a refinery to 2
60,000-barrel converted internal floating roof tank. Evidence suggests
that while the tank had not actually overflowed at the time of the initial
fire and explosion, it had been filled beyond the designed maximum fiil
height, and this caused rapid emission of volatiie vapors from the tank
vents, These vapors traveled to a boiler house and its stack. The hot
surface of an uninsulated high temperature and high pressure steam pipe
ignited the accumulated vapors. This caused 2 momentary overpressure
of the stack that damaged it extensively. Flashback to the crude tank was
immediate. Piping failures in the tank manifold released more crude oil
outside the tank dike.

Within a brief time, an explosion occurred in the crude tank spilling
additional oil into the dike. An adjoining tank containing No. 6 fuel oil
became involved in fire and several pipelines in the dike failed. The fire
burned for nine days before it ‘was finally extinguished. During that time,
it involved four tanks, the refinery administration building, and other less
important facilities.

Fire fighting was conducted by 200 municipal fire fighters responding to
11 alarms and by several refinery fire departments. Three foam trucks and
two pumpers were destroyed when fire flashed over oil-covered water. At
times, as much as 13,000 gpm of fire water was pumped on the fire.
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3/16/75 After observing a high liquid level on the fresh feed drum of a large fluid
Avon, California  coking unit, operators increased the pump-out rate, creating a vacuum
' United States and resulting in an implosion of the drum. Spilled hot oil ignited and
$10,400,000 burned for 11-1/2 hours. Loss of instrumentation was responsible fora
$24.200,000 second simultaneous fire on the sixth through eighth levels of the
o burner-auxiliary-air-heater gantry strucrure. The two fires originated 200
feet apart and did not join one another. Hot fuel gases were carried 100
feet further to the CO boiler where significant damage occurred.

8/24/73 A crack developed in a weld of 2 high pressure transfer line berween the
St. Croix, Virgin Islands  high and low pressure separators downstream of the reactor of a new
$10,500,000 hydrodesulfurizer. The unit was starting up at the time of the loss. The
$30,000,000 high pressure separator was operating at 850 psi and about 150 degrees E
With failure of the Schedule 80 line, hydrogen and liquid hydrocarbons
were released. These were ignited from an unknown source and burned
for about three hours. During that period, the prevailing winds carried
fire along 125 feet of pipe rack. Fin-fans elevated above the rack on
one-hour rated fireproofed supports failed within 20 to 35 minutes,
dropping the aerial coolers on the pipe rack. The system unloaded
through the break since there was no way of shutting off the flow. Fire
control and extinguishment was achieved by use of 20 hose streams and
a fire water flow of about 7,000 gpm.

8/14/72 An alkylation unit was being started up after shutdown because of an
Billings, Montana electrical outage. When adequate circulation could not be maintained in <
United States deisobutanizer heater circuit, it was decided to clean the strainer. Worker:
$5,000,000 had depressurized the pipe and removed all but three of the flange bolts
£15,300,000 When a pressure release blew a black material from the flange, followed
by butane vapors. These vapors were carried to a furnace 100 feet away,
where they ignited, flashing back to the flange.

The ensuing fire exposed a fractionation tower and horizontal receiver
drums. These drums exploded, rupturing pipelines which added more
fuel. The explosions and heat caused loss of insulation from the 8-foot by
122-foot fractionator tower, causing it to weaken and fall across two
major pipe racks, breaking piping and adding more fuel to the fire.
Extinguishment, achieved basicaily by isolating the fuel sources, took tw+
and one-haif hours.

The fault was traced to a 10-inch valve that had been prevented from
closing the last 3/4-inch by a fine powder of carbon and iron oxide. Whe
the flange was opened this powder blew out, allowing liquid butane to
be released.

[ WY
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3/30/72

' Rio de Janeiro, Brazil

$4,800,000
$14,600,000

T-e LPG storage area of this 256,000 barrels-per-day refinery included
five 10,000-barrel spheres and 16 bullets. Protection consisted of fixed
¢z-oling water systems on the spheres and monitor nozzles and hydrants
fco the horizontal tanks.

Water was being drained from one of the spheres through a 2-inch pipe
w=th a 2-inch gate valve pointing down at a height of 6 feet from ground
lewel. The operator left with the drain vaive fully open. When he returned,
licuid LPG was pouring from the drain at 156 psi, and he was unable to
reach the valve because of the cold zone and because the jet had dug a
la—ge hole in the crushed stone bed covering the ground. A very large
vapor cloud developed spreading beyond the refinery boundary. It
ignited and flashed back to the sphere. Flaming LPG from the drain
hicting the ground was deflected back against the lower part of the tank.

~ Cooling water was applied to all tanks. After 15 to 20 minutes, the relief

valve opened at 239 psi discharging gas to atmosphere and it promptly
ignited.

Despite the cooling water and open safety valve, the sphere exploded,
causing a tremendous blast wave and leaving only a crater where the
sphere had been. Nearby spheres and some bullets were thrown from
their supports. Lines were broken, so that the fire spread throughout the
storage area. Following the explosion, the fire developed beyond any
possible control, causing the explosion of three more horizontal tanks
and finally burning itself out.

All 21 storage tanks were destroyed. Many refinery buildings and facilities
sustained blast damage. Two fire trucks were destroyed and another four
were damaged. )

12/5/70

Linden, New Jersey
United States
$27,200,000
399,700,000

A 7-inch thick reactor of a wide-range hydrocracking unit being operated
by computer at 2,500 psi failed explosively due to localized overheating.
The blast caused widespread damage over a 300-yard radius including an
adjoining catalytic cracker and crude pipe still where the roof of the
control building collapsed. Other units were safely shut down from a
biast-resistant control building which sustained minor damage. There
were over 7,000 claims of property damage from outside the refinery.

22

1/20/6G8

Pernis, Netherlands
$28,000,000
$123,200,000

Frothing occurred when hot oil and water emulsion in a refinery slop
tank reacted with volatile portions of hydrocarbonic siop, causing a
violent vapor release and boil-over. The ensuing fire involved 30 acres of
the approximately 200-acre refinery, then the second largest refinery in
the world. Two wax hydrocrackers, a naphtha hydrocracker, a sulfur plant
and 80 storage tanks were destroyed or damaged. Much of the property
involved in this loss was idle or obsclete. Off-premises damage was
reported as far as nine and one-half miles away.

Trended values in bold italic type
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8/8/67 An estimated 17,500 gallons of isobutane released by failure of a valve on
Lake Charles, Louisiana an underground pipeline was dispersed over an area of 300 feet by 800
United States feet before igniting. The resulting explosion and fire destroyed or heavily
$17.300,000 damaged two alkylation units,a delayed coking unit, 2 thermal cracker
$80.800.000 and a catalytic hydroforming unit. Two spherical tanks failed and
T numerous cone roof tanks were involved.

1/4/66 Improper sampling procedures on a 48-foot diameter, 12,580-barrel

Feyzin (Lyons), France butane sphere which was 3/4 full resulted in the uncontrolled release of

$18.100,000 liquid butane through a 2-inch connection. Ignition was believed to have

388,700,000 been from a passing vehicle at a distance of 300 feet. Fire at the relief
valves and at the base of the sphere burned about an hour before the
tank failed massively. Pieces of steel up to 100 tons traveled about 1/4
mile, One fragment landed on a pipe rack, cutting 40 lines. Another piece
cut the legs out from under an adjoining sphere causing it to topple and
break its 8-inch connecting line. Hot spots developed on three nearby
butane tanks, which subsequently ruptured.

Trended values in bold italic type 23
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12/13/94  Shortly after 6:00 a.m., an explosion occurred in the ammoniumni nitrate
Port Neal, Iowa process area of this plant. As 2 result of the explosion, the seven-story
United States main process building was completely destroyed and a 30-foot wide
$120,000,000 crater was created. Additionally, metal fragments from the explosion
$122 400,000 Punctured one of the plant’s two 15,000-ton refrigerated storage tanks.
New this edition The punctured tank released an estimated 5,700 tons of ammonia,
causing the evacuation of approximately 2,500 people outside of the
plant. Metal fragments also puncrured a nitric acid tank, resulting in the
. release of approximately 100 tons of this material. The explosion tore
*  meral siding from adjacent buildings, damaged three third-party electric
generating stations, broke windows in buildings 16 miles away in Sioux
City, and was felt over 30 miles away.

As a result of this incident, a business interruption loss estimated at
$60,000,000 is expected to be incurred.

10/17/94 Heavy rains, amounting to approximately 25 inches throughout the
Baytown, Texas greater Houston area, resulted in extensive flooding from surface water
United States  as well as overflowing sircams. Most of the water thar flooded this
$25,000,000 . 90-acre plant, located approximately 30 miles east of Houston, came from
$25,500,000 the overflow of Cedar Bayou that borders the north side of the plant.
New this edition Flood water covered the entire plant in depths ranging from two to five
feet.

Plant management anticipated the flooding and was successful in
shurting down all six process units in an orderly manner. Additionally,
plant personnel were successful in relocating the smaller and lighter
property items to higher ground. This effort notwithstanding, the flood
waters caused extensive damage, mainly to computers, electrical
substations, switchgear, pumps, motors, and buildings. At least 350 electric
motors varying in size from 5 to 20 horsepower were completely
submerged and required replacement, while the larger electric motors up
to 1,500 horsepower were disassembled, baked out, and repaired.

The plant was shut down for approximately two months as a result of
this flooding. During this period, the ethylene, polyethylene, olefins, and
acerylene black production was shut down, resulting in a business
interruption loss estimated at $85,000,000.
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08/08/94

Baton Rouge, Louisiana
‘United States

In excess of $25,000,000
New this edition

Operations at this 1.9 billion pounds-per-year ethylene plant were normal
until a fire occurred at approximately 8:00 p.m. in one of the two '
ethylene trains at this plant. The fire, which was limited to the sponge
fractionator column of the 1.5 billion pounds-per-year ethylene train, was
brought under control early the next morning. Fire officials decided to
allow the fire to continue to burn until it consumed the remaining
hydrocarbon products in this train, which occurred on August 11.

As a result of this incident, both of the ethylene trains at this plant were
shut down. Plant personnel were successful in placing the 400 million

.pounds-per-year ethylene train back in service within two weeks. The

ethylene production from this plant accounts for about four percent of
the total U.S. ethylene production and 25 percent of this company's.
production.

The exact property damage loss that resulted from this incident is
unknown at this time. As a result of this incident, the larger ethylene train
was shut down for nine weeks to replace coke-plugged tubes in the
furnaces caused by the emergency shutdown.

05/27/94

Belpre, Ohio
United States
$100,000,000
$102,000,000
New this edition

At approximately 6:30 2.m., an abnormal chemical reaction occurred
during the batch production of a thermoplastic rubber product resulting
in an explosion at this plant. Because of the explosion, the reactor,
process controls, appurtenances, control room, and building for this
production were completely destroyed.

The fire then spread to involve part of the tank farm, resulting in the
destruction of five atmospheric storage tanks. At approximately 12:30
p-m., the first of these four 1,000,000-gallon and-one 500,000-gallon
storage tanks containing styrene exploded. A fire fighting attack utilizing
cooling water and foam hose streams was used to prevent the fire from
involving other nearby storage tanks, two of which contained butadlene
The fire was extinguished at approximately 3:30 p.m.

7/28/92

Westlake, Louisiana
United States
$25,000,000
$26,800,000

At 7:10 p.m.a reactor in an urea manufacturing unit expioded, resulting
in extensive damage at this chemical plant. The force of the explosion,
which could be felt in areas up to 10 miles from the plant, drove 20 feet
of the reactor support pedestal into the ground. The remaining 70 feet of
the vessel failed catastrophically and fragments were propelled in all
directions. Two pieces of the steel shell, each approximately 3-feet by
4-feet and weighing about 300 pounds, were found in the tank farm of a
refinery located across an interstate highway and a railroad from the
chemical plant. These two pieces traveled over 900 feet from their
original site in the chemical plant.

The reactor, which was constructed in 1967, was 90 feet in height and 6
feet in diameter. This vessel was supported on a pedestal and had a 4-inch
thick laminated shell. This shell consisted of 14 laminations, each
approximately 3/8-inch thick,and a 1/2-inch thick stainless steel liner. The
reactor was used in the conversion of carbon dioxide and ammonia and
is believed to have been operating at design pressure and temperature
(3,000 psi and 350 degrees F) at the time of the explosion.
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This incident resulted from an improper weld on a bracket supporting 2
tray inside the reactor. The bracket was welded to the stainless steel liner.
The improper weld resulted in a carbamate leak and subsequent
carrosion of the containment vessel. Reportedly, the leak went
undetected for some time because weep holes in the vessel were not
adequately checked to detect ammonia and carbon dioxide coming out
ahead of the carbamate. As the carbamate progressed ourward through
the weep holes, it hardened and eventually clogged the holes.

Because of this incident, the urea production at this plant was shut down
for more than 12 months, the time necessary to replace the damaged
process equipment. The business interruption loss for this incident is
estimated at $20,000,000. »

140
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5/8/92
Tarragona, Spain
$13,000,000
313,900,000

During normal operation of this ethylene plant, a leak was detected in
the cooling/heating water jacket for the upper zone reactor tubes. The
ethylene plant was immediately shut down at 12:45 p.m. 2nd the
pressure in the reactor was gradually reduced to 355 psi. Water was
drained from the jacket and ethylene detectors were inserted to identify
the location of the gas leak. Ethylene gas was reintroduced into the
system and the pressure was gradually increased to 14,220 psi at 7:45
p.m. When the source of the leak was detected at 7:51 p.m., the
operators started to reduce the pressure in the reactor and separators.

As the pressure in the reactor and separators started to decrease, 2 loud
noise was heard in the control room. Operators believed the noise to be a
large ethylene leak and actuated the emergency dump system which
closed the ethylene and oxygen inlet valves of the reactor, released gas
through the reactor vents, and closed the outlet valve of the high
pressure separator. Almost immediately after the emergency dump system
was actuated, an explosion occurred which was followed by fire.

The explosion caused substantial damage to equipment and buildings
within a one-half mile radius of the plant and severely damaged the
concrete containment bunker for the reactor and high pressure separator.
The walls of the bunker remained standing, secured by the steel
reinforcing, but had been bowed outwards. The damage patterns suggest
that there were two simultaneous vapor cloud explosions, one within the
bunker and one centered above the top of the bunker. The fire following
the explosions was extinguished within 10 minutes as the flow of gas
was shut off. Fire damage was observed on the top of the high pressure
separator and at the bottom valves of the low pressure separator.

The initial release of ethylene gas during testing came from the high
pressure separator lid, which was secured to the body by a series of studs
and was sealed with a steel ring. The leakage was said to have been
caused by differential thermal contraction of the seal and the lid/body
assembly following the introduction of cold ethylene gas into-the reactor
and separators for test purposes. There was no evidence of fracture or
mechanical failure on either the seal ring, lid, or body of the high
pressure separator. Additional ethylene gas was released from the reactor
and separators when the emergency dump system was actuated. The
source of ignition for the ethylene gas was failure of insulation on
electrical wiring for a remote operated dump vatve. This valve would
have been operated with electrical sparking during the emergency dump
system actuation.
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1/13/92
Alvin, Texas
United States
$32,300,000
$34,600,000

A vessel in a raw material process unit at this chemical plant ruptured
during a cleaning operation at approximately 7:21 p.m. This vessel was a
centrifugal feed tank with an 8,200-gallon capacity and maximum
allowable working pressure of 15 psi.

The rupture and subsequent plant damage was caused by steam pressure
that was generated by heat from a chemical reaction. A continuously
increasing, highly exothermic reaction provided the heat source for the
expanding supply of steam.The decomposition of this material resulted
from overheating the vessel with steam to the coils during the cleaning
operation.

The reconstruction of the new facility was completed one to two months
ahead of schedule. Activities to mitigate the loss included the purchase of
various raw materials from outside sources.

6/20/91

'Dhaka, Bangladesh
$71,000,000
376,700,000

The failure of a welded joint between a carbon dioxide stripper and the
main cylindrical body resulted in the release of high pressure gas, which
consisted of ammonia, carbon dioxide, and carbamate liquids. Subsequent
to the release, an explosion resulted which caused significant damage to
this fertilizer plant. The source of ignition for this explosion is unknown.
This plant, which was constructed in 1970 and upgraded in 1988, has an

- annual production capacity of 340,000 tons.

. 5/1/91

Sterlington, Louisiana
United States

Workers were preparing to check a compressor in the nitroparaffin unit
when they noticed a small fire and sounded the plant fire alarm.
Approximately 30 seconds later, an explosion occurred which was

$105,000,000 followed by a series of smaller explosions. The effects of the initial
3$113,400,000 explosion were reported as far away as eight miles from this 15-acre
plant. Additionally, the initial explosion completely damaged an area of
the plant approximately the size of a city block. Subsequent fires were
. reported to have burned for more than seven hours.
Although the incident did not damage the two ammonia units on-site, the
entire plant was temporarily shut down for precautionary measures.The
business interruption loss associated with this incident is estimated at
$35,000,000.
3/12/91 At 1:18 a.m.,an explosion occurred in the ethylene oxide process unit at
Seadrift, Texas this plant. As a result of the explosion, the ethylene oxide refining column
United States was completely destroyed, the glycol ether unit was substantially
$80,000,000 damaged,and the co-generation unit was partially damaged. A pipe rack
381,600,000 near the storage area for liquid ethylene oxide was damaged when a large

Trended values in bold itakic type

piece of shrapnel from the explosion hit the rack, rupturing lines which
contained methane and other hydrocarbon products. The subsequent fire
that resulted from the release products was the only significant fire to
occur during this incident.

As as result of the explosion, alt utilities at the plant were lost for
approximately one week. Additionally,a significant number of the water
spray systems were damaged by the explosion or inadvertently acruated
due to a loss of plant air. These systems were shut off and placed back in
service as appropriate. A manual fire fighting effort was used to
extinguish the fire involving the pipe rack once the lines in the rack were
isolated.
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.5 a result of this incident, a business interruption loss of approximately
$:20,000,000 resulted mainly from the almost full year reduction in
erhylene oxide production. The polyethylene production was restarted in
ezrly April 1991, utilizing externally sourced ethylene, while the olefins
production was restarted in late April 1991.

3/11/,1

Coatzacoalcos, Mexico

$91,300,000
398,600,000

Az approximately 8:30 a.m., a gas leak involving the pipe rack that runs
f~om Cangrejera to the terminal in this petrochemical complex lead to an
explosion. This explosion, which occurred near the complex chemical

" piant, caused additional damage to the pipe rack resulting in 2 major gas

leak. A powerful second explosion occurred that reportedly could be felt
—ore than 15 miles from the complex. This explosion and subsequent fire
completely destroyed the chemical plant, caused significant damage to
t=e pipe rack, and resuited in moderate damage to other complex
tuildings and adjacent third-party facilities. The fire was extinguished in
approximately three hours.

Eecause of this incident the chemical plant at this complex was
c>mpletely shut down for seven months, which was the time required to
rebuild this plant and the pipe rack. During this period, the vinyl chloride
croduction at this complex was lost, disrupting most of Mexico’s total
annual output of 200,000 tons. '

11/6/90
Nagothane, India
$22,000,000
324,400,000

A leak in a pipeline that transports ethane and propané to a gas cracker
complex resulted in an explosion at an off-site gas treatment and

" compression facility. Since the explosion took place outside the complex,

the cracker and downstream units were not damaged while the off-site
facility experienced significant damage. The cracker was initially shut
down due to feedstock supply problems but was later operating on 2 gas
supply directly from the pipeline.

Prior to this incident, low density polyethylene (DPE), linear low density -
polyethylene (LLDPE), high density polyethylene (HDPE), and
polypropylene (PP) units were to be brought on-line within 2 few

months. The commissioning of these units was expected to be delayed

_ berween four and 12 months due to this incident.
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7/5/90
Channelview, Texas
United States
$12,000,000
$13,300,000

An explosion and fire originating in a 900,000-gallon wastewater storage
tank in the utilities area resulted in’ significant equipment damage
throughout this plant. The explosion completely destroyed an area of the
plant approximately the size of a city block. The explosion occurred
during the reinstallation of a compressor on the side of this 40-foot
storage tank. The compressor, which had been used to circulate vapors
and remove hydrocarbons, had been out-ofservice several days for
maintenance.

This storage tank was designed to serve in the processing of wastewater
from the propylene oxide-styrene monomer (PO/SM) unit pricr to
disposal of the treated wastewater in a deep disposal well on-sit€. An
oxygen analyzer for this storage tank was used to reguiate the nitrogen
sweep rate for the tank. Prior to the explosion, the analyzer
malfunctioned and allowed oxygen to accumulate in the storage tank as a
result of a reduced nitrogen sweep rate. The flammable mixture in the
tank vapor space is believed to have been ignited by the startup of the
COmMPressor.
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Because of this incident, this plant was expected to be shut down for
approximately six months for repairs. During this time, a2 business
interruption loss in excess of $200,000,000 was expected to resuit from
the loss of styrene monomer production capacity. The styrene monomer
production capacity for this plant averages 1.4 billion pounds-per-year
and represents approximately 15 percent of thé total U.S.capacity.

10/23/89 Shorty after 1:00 p.m.,a large flow of ethylene, the reactant,and
Pasadena, Texas isobutane,a catalyst carrier, was released from one of the high density
United States - polyethylene (HDPE) units at this chemical complex. The vapor cloud
$675,000,000 drifted northward toward the center of the HDPE process area before
$756,000,000 ignition, which is believed to have occurred approximately one minute
after the release. Seismograph data from recording stations in the area
suggested the blast was equivalent to the detonation of 10 tons of TNT.

The explosion destroyed two high density polyethylene units, which
included a total of eight particle form, loop reactor trains. The heat from
the explosion caused BLEVEs of nearby pressure tanks. Other process
units at this chemical complex sustained only minor damage and
resumed normal production within a few weeks of the incident.

The initial release of ethylene and isobutane occurred through an &inch
Demco ball valve on the No. 4 settling leg of a reactor in Plant V. The
major function of this pnuematic valve is to isolate the settling leg and
other downstream equipment from the reactor for maintenance. The
- company maintenance procedures for opening a settling leg included

- - closing the Demco ball valve, inserting a lock-out device into this closed
valve, closing the block valves to the air hoses for the valve operator, and
disconnecting these air hoses. Company personnel confirmed that these
maintenance procedures were performed on Saturday, October 21. Due
to changes in maintenance priorities, the work on settling leg No. 4 was
not started until Monday, October 23.

After the explosion, investigations indicated that the lock-out device had
been removed from the Demco valve and the air hoses had been
reconnected to the valve operator on settling leg No. 4. The Demco valve
was found in the open position and the settling leg was open to
atmosphere at the bottom of the leg where a swedge spooi leading to the
product take off valve shouid have been connected.

A business interruption loss in excess of $700,000,000 resulted from this
incident since a period of approximately 24 months was required to
restore the full HDPE production capacity at this chemical complex. This
incident represents the largest single-owner property damage loss to
occur in the petrochemical industry.
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6/7/89

Morris, Illinois
United States

. $32,500,000
$36,400,000

After 2 power outage for the amine system and butane column, plant
operators worked to restore normal operating conditions in the ethylene
production area. In the process of restoring operations, the vent valve for
the depropanizer reflux drum was opened to reduce the pressure in this
vessel. The vent line piping was arranged to route the excess product to
the flare system or the gas compressor. Since the vent line to the
compressor was out-of-service for maintenance, the excess propylene
should have been routed to the flare system. However, the propylene was
accidentally routed through the 2-inch vent lin¢ to the compressor,
forming a vapor cloud in the ethylene production area.

While plant personnél attempted to dissipate the vapor cloud with fire
water monitors and hose streams, the vapor cloud was ignited. The
source of ignition is believed to have been a spark from an incandescent

\  light fixture. The bulb was apparently broken by the cold water of a hose

stream or vibrated loose. The vapor cloud explosion damaged
approximately 40 acres of this plant, including the ethylene production
area.

As a result of this incident, the plant was shut down for approximately
three months. During this period, only the polypropylene production was
continued, resulting in a business interruption loss of approximately
$55,000,000.

3/7/8%

Antwerp, Belgium
$77,000,000
386,200,000

A hairline crack in 2 welded seam of piping to the level indicator system

* on the aldehyde column resulted in a minor cthylene oxide leak.As a
result of this crack, which resulted from low cycle fatigue, ethylene oxide
escaped near the level indicator and formed polyethylene glycols (PEG)
in the mineral wool insulation. It is believed that both the leak and
accumulation of PEG occurred over a period of time. During repairs to
the level indicator, the metal sheathing of the insulation was removed and
air contacted the insulation soaked with PEG. Auto-oxidation of the PEG
resulted and the insulating material was ignited. The piping for the level
indicator system was heated to such a degree that autodecomposition of
the ethylene oxide within the piping occurred. This autodecomposition
then propagated into the aldehyde column which subsequently exploded.

The force of the explosion destroyed the distillation section of this plant.
The large resulting fire and impact of flying debris to other process
sections resulted in extensive damage throughout the plant. Because of
this incident, this plant was closed for at least 24 months and resulted in
a business interruption loss of approximately $270,000,000.
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11/14/87
Pampa, Texas
United States
$215,300,000
$256,200,000

Failure of a high pressure inlet receiver in the treating section of a large
gas processing plant produced a vapor cloud which ignited. The
explosion and ensuing fire caused equal blast and heat damage
throughout the plant. It is reported that the receiver, which was located
inside 2 building, became liquid-full and that hydrates had formed in the
vessel affecting its relief ability. Auempts were being made to relicve the
pressure when the failure occurred.

A business interruption loss of approximately $140,000,000 resulted
from this incident.
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6/15/86

Pascagoula, Mississippi
United States
$10,000,000
$12,300,000

A barch still used to separate aniline product from its reaction
by-products was shut down on a Saturday due to a leak on the bonnet of
a valve on the discharge side of a steam heated reboiler. The reboiler
served the still and its feed drum. Since repairs were not to be made until
Monday, the circulating feed pump was shut down and valves were
closed to isolate the reboiler, the steam supply for the reboiler, and the
jeaking valve. Cooling water to the condenser and operation of the reflux
pump continued for several hours to lower temperatures on the tower to
a satisfactory level.

About 8-1/2 hours later aperators observed a high level in the reflux
drum and 2 high temperature at the bottom of the idle still. During the
next hour operators attempted to reduce these levels and temperatures;
however, for unknown reasons, pressures increased. A relief valve on top
of the tower lifted, a vent at the reflux accumulator released liquids, and
the tower bottom temperature rose to 550 degrees E Shortly after the
area was evacuated, several explosions occurred.

The explosions, the cause of which have not yet been determined,
damaged structures and broke piping in an adjoining nitration unit. Flying
fragments punctured two 2,000-barrel atmospheric tanks and a
15,000-gallon pressure tank which contributed fuel to a large ground fire.
The still and its feed drum were destroyed, making the investigation into
the cause of this incident most difficult.

5/19/85
Priola, Italy
$65,000,000
$81,300,000

Operations within this 600,000 metric tons-per-year ethylene plant were
normal until a faulty temperature probe initiated an isolation of the
hydrogenation equipment located within the cold section. While the
operators were attempting to regain normal control, the pressure relief
system came into operation. About the same time, fire was noted near
grade level at the base of the de-ethanizer column. The source of fuel was
believed to have been flange at the de-ethanizer column reboiler or in the
relief system pipe work.

Leaking hydrocarbon, mostly propylene at 375 psig was possibly ignited
by hot steam piping. The intense fire rapidly engulfed the adjoining
ethylene and propylene distillation columns and spread 180 feet to the
storage area. Eventually one tall vertical propane tank exploded, its top
section skyrocketing 1,500 feet and missing a gas holder by 30 feet. Two
other propylene tanks toppled; one on a pipe rack and the other against
an ethylene tank. All were protected by deluge water spray systems
which apparently were ineffective under the intense fire exposure. Five
of the eight ethylene and propylene tanks collapsed or exploded. The fire
also spread to the API separator and to three floating roof tanks. Pipe
racks, motor control centers, pumps, €tc., Were severely damaged or
destroyed.

Within a few minutes after the fire brigade responded, the ethylene
column reieased its 9,300-gallon inventory, destroving one of the piant’s
rwo foam trucks. Assisted by outside fire fighting agencies, the plant fire
brigade brought the fire under control in 40 hours and finally
extinguished it four days after ignition. :
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5/6/82 2.1 explosion occurred in the drying and grinding area of a chemical
Duluth, Minnesota p:ant where fumaric acid was being processed. The ensuing fire spread
United States =pidly through the area, into an adjoining process area and to the G0-foot
© $14,000,000 £~ 120-foot warehouse, which was totally destroyed. Apparently,a static
$19,200,000 ssark from an electric motor ignited dust from the powdered acid and
’ czused the explosion. The fire was extinguished in approximately three
mours. '

4/18/82 The release of high pressure ethylene from a 1/8-inch stainless steel
Edmonton, Alberta i=strument tubing leading to a gage from a main line on the interstage
Canada riping system of a secondary compressor caused $20,000,000 damage to
$21,000,000 tae low density polyethylene plant and an additional $1,000,000 damage
$28,800,000 12 adjoining properties. The tubing failed as a result of transverse fatigue
‘\ caused by vibrations from the reciprocating compressor. Ignition may
Eave been by static electricity.

The unmanned compressor building was equipped with a combustible
2as detection system; however, it failed to sound an alarm because of a
faulty relay in the control room. Automatic fail-safe vaives functioned
properly, blocking in the flow of ethylene but not before 450 pounds to
11,000 pounds of gas had escaped. '

3/9/82 One of three phenol units was destroyed and the other two damaged by
Philadelphia, _an explosion and fire.In the process, camene is oxidized with air to
Pennsylvania produce cumene hydroperoxide which is cleaved to phenol and acetone
United States by acid catalysis. The unit reportedly was shut down at the time 25,000

$25,000,000 gallons of cumene hydroperoxide in an intermediate hold tank were

$34,300,000 being steam heated. Apparently, temperatures exceeded safe limits,
leading to the venting of cumene from the system. This material ignited
explosively and caused rupture of the 25,000-gallon tank. Eventually, two
other process tanks, one containing fuel oil. became invoived in fire.

The blast sheared off a &inch sprinkler riser; however, the plant’s two
1,500 gpm steam and electric fire pumps, and two 2,500 gpm diesel fire
pumps, augmented by 25 city fire department engine companies taking
suction from city fire hydrants, were abie to supply adequate fire water.
The plant fire brigade, 160 city fire fighters, and mutual aid workers from
nearby chemical companies and refineries participated in controlling the
fire.

. 10/21/80 Improper maintenance procedures during cleaning of a plugged recycle
New Castle, Delaware  cooling line on a 10,000-gallon capacity polypropylene reactor released
United States  hydrocarbons and polymer. Instead of removing only the motor cperator
$59,600,000 of a 4inch plug valve, the valve itself was accidentally removed. The
397,100,000 release of 12,000 to 16,000 pounds of monomer at 150 psi, produced a
250-foot by 450-foot vapor cloud which ignited after about two minutes.

Trended values in bold italic type

32 Sie ~H6



Petrochemiéal Plants

The explosion broke flammable liquid lines throughout the three process
trains and opened polymer lines in the finishing area. The blast also broke
fire protection system risers, disrupting all fire water. Fires throughout
the polymerization finishing and storage silo areas burned for over 10
hours. Two of the three process lines, the control building, and the
finishing area were severely damaged. The compressor building, solvent
recovery area, finished product warchouse, and cooling tower were
moderately damaged. The fire fighting effort was accomplished with the
use of 21 industrial fire brigades, volunteer and paid fire departments.

7/23/80 A new ethylene oxide unit had been shut down due to a direct lightning
Seadrift, Texas strike during a thunderstorm. While being brought back on stream, there
United States  Was a decrease in rpm on the recycle compressor due to instrumentation
$11,800,000 problems. An ignition within the first reactor produced a detonation in
$19,200,000 the bottom of the reactor and in the 3G-inch feed lines. Heat transfer fluid
released by the explosion ignited and involved the reactor structure and
adjacent equipment. Damage was localized but severe.
5/17/80 Vibration from a pump bearing failure in the cumene section of a phenol
Deer Park, Texas acetone unit caused the pump seal to fail. The released flammable liquids
United States  and vapors subsequently ignited. During the fire, several process pipes
$18,700,000 ruptured, adding fuel to the fire. Additionally, fin-fan coolers elevated
$30,600,000 above the pipe rack collapsed, as did one process column.
12/11/79 The petrochemical complex which produced dicyclopentadiene,
Ponce, Puerto Rico  isoprene, and paraxylene had been shut down for 24 hours when a
$15,000,000 massive failure of a 13-foot diameter dimerizer vessel occurred. The 15
$26,600,000 ton 1-1/8 inch thick steel head traveled 1,900 feet to an adjoining
paraxylene plaas, landing on a propane refrigeration System and setting
fire to one of its three units. The blast refeased 25,000 gallons of
hydrocarbon liquids from the dimerizer as well as 80,000 gallons from a
nearby solvent tank. Ignition was immediate, and fire damage extended
over a 170-foot by 170-foot area while the blast damage covered a
considerably larger area of approximately 240-feet by 400-feet in size.
As a result of this incident, approximately $5,000,000 of damage
occurred in the isoprene piant and $10,000,000 of damage in the
adjoining paraxylene plant.
12/8/77 A major gas release in the cold section of a 230,000 metric tons-per-year
Brindisi, Italy  ethylene unit became ignited and caused severe blast and fire damage.
$28,300,000 Twa nearby ethylene units were also damaged. The control building had
$58,000,000 brick panel walls within a reinforced concrete frame. Blast overpressures
blew out the wall panels and destroyed the controls. Fire water streams
from 40 fire trucks could not be carried off by the plant sewers, resulting
in an 18-inch backup of floating burning liquid and heavy hydrocarbons
throughout the process area. The fires were controlled in eight hours and
extinguished three days later.
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5/24/76

Geismar, Louisiana
United States
$9,000,000
319,500,000

~he explosion involved a large polyglycol ether reactor with the release
-f unreacted ethylene oxide, propylene oxide, glycol, and glycerin. Cause
~f the failure is believed to be the loss of agitation, and/or failure of a
temperature transmitter, and/or the introduction of insufficient catalyst to
-he reactor. The explosion threw the reactor head 1,400 feet. Fragments
~uptured a 320,000-gallon polyglycol ether tank and broke the sprinkler
system riser. The ensuing fires in the reactor and tank farm areas were
~xringuished by the plant fire brigade within one and one-half hours.

11/7/75

Beek, Netheriands
$22,900,000
$53,300,000

Cold brittle fracture of a 1.57-inch connection of a feed drum to its safety
+valve in an olefins unit naphtha cracker undergoing start-up caused the
=scape of 2 mist of an estimated three to five tons of hydrocarbons,
mostly propylene. The subsequent explosion involved nearby storage
-anks, buildings, and other parts of the plant as well as off-premises
damage. '

11/29/74
Beaumont, Texas
United States
$16,000,000
$40,900,000

Vapor cloud explosion and ensuing fires resuited from a spill of 16,800
zallons of in-process hydrocarbon liquid, and gases discharging through a
broken expansion joint in the suction line of a pump. The explosion
created blast waves that broke many proccss lines, resulting in multiple
fires in the isoprene synthesis plant and adjoining tank farm. It also
ruptured fire mains and disabied the fire pumps. A major explesion
occurred when a 20,000-gallon isoprenc Storage tank ruptured

. approximately 15 minutes after the first explosion. About one and

one-half hours later, a 12-foot diameter by 200-foot high distillation
column collapsed into the isoprene structure causing a flare-up and
further involvement of thousands of gatlons of hydrocarbons.

6/1/74
Flixborough,
United Kingdom
$66,200,000
$169,600,000

Massive failure of a 20-inch diameter bypass assembly around a
cyclohexane oXidation reactor caused the release of cyclohexane. The
huge vapor cloud expanded into other areas of the plant that produced
caprolactam and was ignited. The pressure waves from the explosion and
the ensuing fire, involving an estimated 433,000 gallons of flammable
liquids, destroyed much of the plant. Off-premises damage extended eight
miles and included over 2,400 homes, shops, and factories.

7/8/73
Tokuyama, Japan
$14,800,000
342,300,000

34

Inadvertent interruption of instrument air in an ethylene plant caused an
accumulation of hydrogen in an acerylene hydrogenation column. An
exothermic reaction occurred because ethylene hydrogenated to ethane,
consequently decomposing ethane to methane, carbon, and hydrogen.
Leakage resulited in fire and explosion.
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11771
_4Morri5, Llinois
United States
$5,600,000
518,400,000

An instrument failure in a utility plant boiler feed control at a
petrochemical plant allowed the steam drum to overfill. Water carryover
to the steam mains caused a drop in the super-heat temperature of steam
to the ethylene plant turbine. The operator then cut off steam to the
turbine. This reduction in steam demand caused further upsets in the
utility plant, resulting in surging of a recycle gas compressor in the
ethylene oxide-ethylene glycol plant. The steam low-flow trip on the
recycle compressor had not been reset after having been set down
because of previous steam Short2ges.

At the time of the upset condition, the decision was reached to operate
the oxide-glycol plant on cne reactor train. Additionally, the No. 2 train
oxygen analyzer was bypassed, causing the No. 1 reactor train to trip out
on high oxygen level. This oXygen imbaiance in the feed to the reactor
led to a violent detonation in the No. 2 reactor train gas-10-gas exchanger.
This detonation ruptured both reactor trains and ignited the oil in the
heat transfer system for the unit. The recycle and recldim compressors
and the No. 2 reactors were severely damaged. There was blast
overpressure and shrapnel damage throughout much of the plant.

The fire was brought under control within an hour by the plant fire
brigade assisted by six public fire departments.

2/26/71
Longview, Texas
United States
$5,700,000
518,700,000

A drain fitting on piping between the booster and 40,000 psi high
pressure COMPressors broke allowing a release of ethylene. Automatic
equipment promptly detected the hazardous vapor and operated the
automatic high-density water-spray system designed to wash ethylene
from the atmosphere. Apparently, the jeak was too large for the spray
system to handle. Ethylene entered the exhaust system of an engine
which was driving one of the compressors, causing the muffler to
detonate, and thus igniting the rest of the vapors.

The explosions, which were felt six miles away, destroyed 12 buildings
and caused lesser damage throughout the polyethylene plant and to the
surrounding properties. ,

10/23/69
Texas City, Texas
United States

$8,000,000

$32,600,000

The 100-foot high refining column in the butadiene unit of 2 new billion
pounds-per-year olefins complex disintegrated with explosive ignition of
540 gallons of iquid hold-up. The unit was operating normally when the
stripper make-up COMPressor was found to be running hot. Crude feed
was reduced in preparation for repairing a bad compressor vaive.The
refining section was put on total reflux for eight hours while compressor
repairs were made. It is believed that the explosion was 2 heat-triggered
decomposition of vinyl and ethylacetylenes which had accumulated at
the tower bottom until an explosive concentration was reached.

The initiator is believed to have been 2 thermal polymerization assisted
by sodium nitrate. This created a deflagration wave that lifted the bottom
trays and moved upward in the column. The temperature, pressure, and

. concentration of vinyl acetylene were high enough at the fourteenth tray

to cause the detonation. Sections of metal plate were spread uniformiy
over a radius of 1,500 feet. One section weighing about 800 pounds
traveled 3,000 feet. All five towers in the butadiene section were either
felled or heavily damaged.
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8/25/65 The manufacturing process involves

the three-step conversion of

Louisville, Kentucky acetylene gas to mono vinyl acetylene (MVA), then to chlorobutadiene
United States (€D and by polymerization to neoprene. Mechanical failure in a

. $10,000,000 compressor circulating
$51,200,000 localized heating in metal moving p
extremely high temperature initiate

explosions were caused by fragments

gaseous MVA in the reactor system caused
arts to such an extent that the
d decomposition. Several subsequent

from the first explosion, flame .

impingement, and flame transmission through pipelines.
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8/15/87 A series of electric power interruptions caused several shutdowns of one
Ras Tanura, or both of the identical 165,000 barrels-per-day gas fractionation process
Saudi Arabia trains. The parallel trains were separated from one another by about 100
$60,000,000 feet. At the time of the loss, propane feed to Plant I was about 100
- $71,400,000 Dercent of design capacity and feed to Plant I was about 25 percent of
capacity.
It is believed that there was a release of about 1,900 barrels of propane in
Plant I over a2 half-hour period. Ignition of the large vapor cloud is
g believed to have been by a security vehicle which had stalled and was
being restarted. The probable source of propane was a flange in a 4-inch
relief valve line.
9/30/84 Failure of a threaded one and one-half inch drain connection on a rich oil
Basile, Louisiana line at the base of an absorber tower in a large (135 MMscfd) gas
United States  producing plant allowed the release of rich oil and gas at 850 psi at 40
$30,000,000 degrees. The resulting vapor cloud probably ignited from the ignition
$37,800,000 system of engine driven recompressoss. The 75-foot high by 10-foot
. diameter absorber tower eventually collapsed across the pipe rack and
- on two exchanger trains. Broken pipelines added more fuel to fire. Severe
flame impingement on an 11,000 horsepower gas turbine driven _
compressor-waste heat recovery and super-heater train resulted in its
near total destruction.
4/14/83 The main cryogenic heat exchanger serving one of two identical 265

Bontang, Indonesia

$50,000,000
$65,500,000

Trended values in bold italic type

MMscfd processing trains of a liquified natural gas plant ruptured
violently. The investigation revealed that a valve on the 24-inch
blowdown line which collected the discharge from various relief valves
protecting both shell and internal coils of the main heat exchanger was
closed. This effectively prevented the safety relief valves from performing
their function. It also prevented a pressure controller at the top of the
shell from operating, since it also discharged into the same header. It
appears that this valve was omitted from the valve check list for start-up
operations. Both trains were being started up following a shutdown to
allow tie-ins from two additional newly constructed LNG trains.

" The 141-foot by 14-foot diameter exchanger was designed for 60 psig and

an operating pressure of 25.5 psig on the shell side. Derime gas froma
source in excess of 500 psig caused massive failure of the exchanger.
Fragments and coil sections of the all-aluminum 170-ton column were
thrown as far as 160 feet. The ensuing fire was limited and extinguished
in less than one-half hour.
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4/15/78 = 22inch gas transmission pipeline operating at 500 psig developed a
* Abqaiq, Saudi Arabia l=zk due to internal corrosion. The leak expanded and the line parted
$53,700,000 r=ieasingavapor cloud near a gas processing plant with an area 405 feet
£102,600,000 7 435 feet. After about seven minutes, ignition occurred from a flare
. iocated 1,500 feet downwind. The jet/whipping action of escaping gas
“rew a 22-foot section of pipe 400 feet where it struck the vapor space
< a 10,000-barrel spheroid. A second vapor cloud formed and was
iznited, developing detonation OVErpressurcs of 7.8 psi.

5/11/77  Eailure of a 30-inch crude oil pipeline, buried eight feet and operating
Abqaiq, Saudi Arabia ©ader 925 psi, resuited in a fire which destroyed three 40,000barrel
$54,500,000 spheroids, pumping units, and other equipment. Over 300 valves had to
$111,700,000 b= closed to shut in the gas field and eliminate the fuel supply to the fire.

\ Iznition was by a motor vehicle.

4/3/77 260,000-barrel tank containing about 236,000 barrels of refrigerated
Umm Said, Qatar cropane at 45 degrees F failed massively. The wave of liquid propanc
$76,400,000 swept over the dikes and inundated the 51,000 barrels-per-day process
$156,500,000 zea before igniting. An adjoining tank containing 125,000 barrels of
efrigerated butane also was destroyed as was most of the process area.
The fire burned out of control for two days and was extinguished after

eight days.

Reportedly, the tank weld which failed had been repaired following a
weld failure incident one year earlier in which 14,000 barrels of propane
were reieased. The April 3 weld failure was attributed to three
possibilities including microbiological sulfate reducing bacteria from
hydrotesting the tank with seawater. In the first incident, a massive vapor
cloud traveled 500 feet but did not ignite.

7/9/65  Failure of pump packing or a brass valve in a onc and one-half inch steel
Carthage, Texas line carrying lean oil at 175 psi and 150 to 175 degrees Fresulted in a
United States  release of oil. The oil was ignited by exposed parts of a 600-pound steam
$3,000,000 regulatorin an absorption gasoline plant. Employees discovered the fire
$15,400,000 almost immediately and used two 150-pound dry chemical extinguishers
1o try to control it. They seemed to be making progress when they
noticed that the heat had caused the head of an oil-to-oil heat exchanger
to start leaking around the seals, adding additional fuel to the fire. The
employees then tried to put a mechanical foam line in operation, but the
rapidly intensifying heat forced them to leave the area.

Shortly thereafter, the unprotected steel supports on a 600-barre! rich oil
surge tank collapsed. When the tank fell, the pipelines from the tank to a
70-foot high reabsorber tower pulled the tower over. The tower fell

across the ends of a 600-barre! distillate surge tank and the rich oil surge
tank, apparently squeezing the end of the distillate surge tank open and
causing it to rocket about 150 feet. This released additional fuel and led to
more pipeline and equipment failures.

Because of the intensity of the fire and rupturing of equipment, fire
fighters did not enter the plant. The fire burned for several days, until all
the fuel was consumed.
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8/21/91 An explosion occurred at approximately 2:15 p.m. in a 72,700-gallon
Melbourne, Australia  acrylonitrile storage tank at this petrochemical bulk storage facility. The
$11,200,000 subsequent fire spread resulting in additional explosions, with rocketing
$12,100,000 tank lids and coliapsing tanks. The final explosion and fire occurred from
a leaking methyl ethyl ketone (MEK) tank on August 22. A total of 32
storage tanks were destroyed or damaged from this incident.

A toxic cloud of phenol and acrylonitrile was released by the initial
explosion, forcing the evacuation of thousands of residents within a four
square mile area of the facility.

The fire water main and fixed foam protection systems for the
acrylonitrile storage tank were damaged by the initial expiosion,
hampering the manual fire Sghting effort for this tank. At least 155 fire
fighters worked to control the fire and protect nearby storage tanks. The
fire was finally extinguished at this facility on August 23. In excess of
100,000 gallons of AFFF foam concentrate were used during the fire
fighting effort. _

' Due to the extensive repairs needed at this facility, a business
interruption loss of approximately $40,000,000 was expected to result
from this incident.

11/25/90 A fire occurred at this 16-acre flammable liquids tank farm which
Denver, Colorado  supplies jet fuel to an adjacent international airport. The fire burned for
United States more than 55 hours, damaging seven storage tanks and consuming more
$32,000,000 than 1.6 million gallons of jet fuel This tank farm contained a valve pit,
$35,500,000 south impounding area, north impounding area, and 12 storage tanks.

At approximately 9:20 a.m., the fuel supply company received a “no
flow" indication in the pipeline to the tank farm. Shortly after that time,
the airport control tower noticed a column of black smoke from the tank
farm. An initial fuel leak criginating at an operating fuel pump in the valve
pit was ignited by the electric motor for the pump, resuiting in the fire. A
cracked supply pipe in the valve pit formed two "V" shaped streams
extending 25 to 30 feet into the air, providing additional fuel to the pool
fire. As the fire continued, coupling gaskets in the piping deteriorated and
more fuel flowed out of the storage tanks, substantially spreading the fire.
Additionally, the valve controlling fuel flow in the supply line to the
airport sporadically released fuel into the valve pit. Fire fighters were

“unable to prevent the back flow of fuel from this line since the nearest
manual shutoff valve was two miles from the tank farm.
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Ar -he initial fire alarm, the airport fire department dispatched four
air—aft rescue and fire fighting (ARFF) trucks and one rapid intervention
ve=icle. The second and third fire alarms provided an additional five
pupers, three fire trucks, and one rescue unit from the Denver Fire
Department. Besides the foam concentrate on hand, foam concentrate
was received from fire departments in Seattle, Chicago, Houston, and
ot=er cities. After repeated unsuccessful artempts to extinguish the fire by
the Denver Fire Department, additional foam concentrate arrived from a
foam manufacturer, and a private contracting company specializing in

perroleum fire fighting assisted the
extinguishing the fires throughout

Denver Fire Department in
this tank farm.

Although the operations at the international airport were not affected by
this incident, a significant property damage loss resulted at the tank farm.

12/21/85
Naples, Italy
$42,000,000
$52,500,000

Twenty-four of the 32 storage tanks at a large government owned marine

pertrolenm products terminal werce

destroyed by fire which began with a

tank overfill. Twenty-seven thousand tons (715,000 barrels) of gasoline
and fuel oil were being offloaded into tanks which reportedly were

equipped with high liquid level gages.

A large spill developed followed by a vapor cloud which was ignited by
an unknown source. Almost immediately, 20 of the tanks were involved in
2 massive fire covering 3.7 acres. The devastating explosion caused
complete destruction of the terminal buildings and extensive damage to
nearby industrial and residential structures, Tank piping failed,
contributing more fuel to the fire. The main fire fighting control center as
well a5 electric and engine driven fire pumps and foam lines were
disabled. Efforts to extinguish the fire were handicapped by intense heat
radiation and by debris from the explosion.

About 800 fire fighters with 166 pieces of mobile equipment responded
from throughout south central Italy. This included airport crash trucks
and even air tanker planes which dropped foam on the fire. Four-hundred
sixty tons (132,000 gallons) of foam were used in the fire fighting effort.

The fire was extinguished three and one-half days after it started.

11/5/85

Mont Belvieu, Texas
United States
$43,000,000
353,700,000

40

A contractor accidentally cut into a 10-inch propane line operating at 900

psi at 2 natural gas liquids terminal.

The large vapor cloud estimated to

cover an area 44 acres in size was ignited about four to five minutes later
by an unknown source. Liquid products from five of 26 salt dome caverns
fed the fire with an estimated 18,000 to 30,000 gallons of LPGs for almost
six hours before being blocked in and the fires extinguished. Both engine
driven fire pumps failed; one because intense radiated heat damaged its
ignition wires and the other because the explosion broke a sight glass
fuel gage, which spilled dieset fuel that ignited and destroyed the fire

pump engine.

Intense heat melted the large glass
second floor of the office building,
equipment.

windows of the control center on the
resulting in total loss of electronic

1n addition to 2 large loss of NGL inventory and widespread structural
damage throughout the terminal, there was about $8,000,000 damage to
electronic and computer equipment by radiated heat.

SH8- 5ok

Trended values in bold italic type

®



Terminals

11/19/84 This explosion and fire, occurring at a government owned and operated
Mexico City, Mexico LPG terminal, is perhaps the most devastating such incident ever. Three -
$19,900,000 refineries supplied the facility with up to 1,300,000 gallons of LPG daily.
$25,100000 This was stored in six spheres and 48 bullets with 2 combined capacity
of 4,242,000 gallons. Tanks were about 90 percent full at the time of the
loss.

Product for storage was being received at 341 psig viaa 1 2-inch pipeline
from a refinery 250 miles distant. The two largest spheres, each with a
capacity of 630,000-gallons, and the 48 cylindrical tanks had been filled.
The four remaining spheres, each with capacity for 420,000 gallons, were
receiving product and were about one-haif full when an &inch line to

. one of the spheres ruptured. The pressure drop was immediately sensed
by the refinery operators. Attempts to contact the terminal by telephone
were unsuccessful and since the flow could only be stopped at the
terminal it continued. About 10 minutes later the large vapor cloud which
had formed was ignited by 2 grade level burn pit-flare. Within five
minutes of ignition the first of a series of massive BLEVEs occurred,
producing a fire ball estimated to be 1,200 feet in diameter. The radiated
heat from the rupturing tanks and the missile damage allowed the release
of more fuel from other tanks. Eventually, the four smaller spheres and 44
of the bullets BLEVEd or were ruptured by missiles. Some tanks weighing
20 tons skyrocketed and landed 3,900 feet away.

The terminal’s fire water system was disabled in the initial blast. Water

- transported to the scene by 100 tank cars was used by fire fighters in
keeping the two large spheres sufficiently cool to prevent their failure.
These spheres developed leaks in their vapor spaces which allowed them
to depressure and burn under controiled conditions. .

1/7/8% Pipeline gasoline was being received into a 42,000-barrel internal floating
Newark, New Jersey roof tank at a products terminal when an overfill occurred, spilling about
United States 1,300 barrels into the tank dike. A slight wind (1 to S mph) carried the
$35,000,000 developing vapor cloud about 1,000 feet to a drum reconditioning plant
$45,900,000 Wwhere an incinerator provided the ignition source. The resulting
explosion caused $10,000,000 damage to the terminal and up to
$25,000,000 in over 2,000 claims to rail rolling stock and adjacent
properties. Although dikes contained the burning spill to the tank which
was overfilled, two adjoining internal floating roof tanks and 2 smaller
transmix tank ignited and eventually were destroyed along with 120,000
barrels of product. Since the burning tanks presented little exposure to
other facilities, the decision was made to let the fire burmn itself out.
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1/8/79

Bantry Bay, Ireland
$20,600,000
336,400,000

An 11-year-old 121,000 DWT tanker had completed unloading its first
parcel of Arabian heavy crude at a deep-water port. No transfer
operations between the ship and the jetty were in process when a small
fire was noticed on deck. About 10 minutes later, fire spread aft along the
length of the ship and was observed on the sea at both sides of the ship.
After a half hour, 2 massive explosion occurred. It is theorized that the = .
iniriaring event of the disaster was the buckling of the ship’s structure at
or abour deck level This was immediately followed by explosions in the
batlast tanks and the breaking of the ship’s back. These events were

* produced by the conjunction of two separate factors: 2 seriously

weakened hull due to inadequate maintenance, and an excessive stress

. due to incorrect ballasting at the time of the disaster.

A fragment of the ship weighing 1,000 pounds was found at the base of 2
“Jumbo® crude oil tank, 2 distance of 1,800 feet from the ship. In addition
1o total loss of the ship, 1,130 feet of the concrete and steel jetty were
damaged or destroyed.
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7/19/90
Cincinnati, Ohio
United States
$23,000,000
325,500,000

This manufacturing plant produces various types of resins which are
used as industrial coatings. At this plant,a batch of acrylic resin had been
processed and removed from the reactor. Prior to processing the next
batch of resin, plant operators were 1o clean the reactor.

During the cleaning process, cleaning solvent was pumped into the
bottom of the reactor. Due to the residual heat of the reactor, some of the
cleaning solvent vaporized and overpressurized the reactor, causing the
actuation of the rupture disc for this vessel.

The hot solvent and vapors were released through this rupture disc and
subsequently formed a vapor cloud in the reactor building. The vapor
cloud then contacted an ignition source, resulting in an explosion which
completely damaged the reactor building and related equipment. Several
adjacent buildings and some storage equipment, including raw material
and products, were also damaged at this plant.

2/14/89

Urdingen, Germany
] $40,000,000
$44,800,000

During the initial production stage at this paint manufacturing plant,
various chemicals are mixed in an agitator vessel and then brought to
reaction. The temperature of this reaction is to be maintained at 355
degrees F (180 degrees C) by means of steam heating and water cooling.
Prior to the incident, the temperature rose to 410 degrees F (210 degrees
C) and could not be reduced with the available means of cooling. Asa
result, the agitator vessel exploded and released a cloud of gas which was
subsequently ignited, setting several plant buildings on fire. The exact
cause of the temperature rise and explosion are unknown at this time.

The business interruption loss associated with this incident was
estimated at $85,000,000. The length of time required to restore plant
operations was unknown. It should be noted that the demolition work
was expected to be complicated and lengthy since the debris was
considered toxically contaminated.

01/30/89
Secunda, South Africa
$13,000,000
$14,600,000
New this edition
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At approximately 9:10 a.m., 2 fire occurred near a2 quench tower in the
reacror area of this synthetic fuels plant. The main process equipment,
such as the quench tower and associated heat exchangers, was not
seriously damaged by the fire; however, the piping, instrumentation, and
electrical equipment in the process area experienced substantial damage.
The tower skirts and pipe rack supports were protected by three to four
hour rated fireproofing, which prevented the failure of these structures
and limited the amount of property damage.

The fire resulted when a 6-inch carbon steel pipe, which is the return
line of the recycle system for the quench tower that cools and separates
the Synthol reactor product stream, failed as 2 result of corrosion/erosion.
Iron particles in the oil stream, subjected to a zone of turbulence, were a
contributing factor in the pipe failure.The failure of the pipe caused a
release of hydrocarbon product that spontaneously ignited under the
high pressure and high temperature operating conditions.

43
SHB-30F



Miscellaneous

The water spray systems and fire water monitors provided for the
Synthol unit were immediately activated by plant personnel. The plant
fire brigade responded within minutes to protect nearby equipment and
contain the fire. The fire was brought under control by 11:00 2.m. and
completely extinguished by 1:00 p.m.

Because of this incident, the entire plant was shut down for 11 days and
operated at 50 percent capacity for another 13 days. The damaged
Synthol reactor train was returned to service after 12 weeks of
dowmntime, with ail stainless steel piping for the quench tower recycle
system. A business interruption loss of $49,000,000 resulted from this
incident.

5/26/83 A low-pressure NGL feed surge drum ruptured violently in this crude oil
Prudhoe Bay, Alaska . flow station, resulting in direct damage and subsequent fire damage t0
United States  one-third of the enclosing module as well as moderate fire exposure
$31,6000,000 damage 1o the exterior of surrounding structures within 100 feet. It is
$41,400,000 believed that high pressure from downstream vessels backed up past
valves into the feed surge drum filling it with liquid product until it
structurally failed. The equipment involved was not critical to oil
production so operations were suspended for only a short time.
2/26/80 Rupture of a short section of buried 36-inch maintine berween the flange
Brooks, Alberta  and the valve body of a gate valve assembly was the source of an
Canada cxplosion and fire which destroyed much of a large natural gas
$40,000,000 transmission compressor station. At the time of the loss, throughput was
$65,200,000 3.2 billion cubic feet per day, or 80 percent of capacity.
The initial biast produced 2 small crater, thus exposing 2 34-inch turbine
discharge line which tied into the 36-inch mainline. Force of the escaping
950 psi gas twisted the 36-inch mainline upward and wrapped it around
the 34-inch pipe which also ruptured. Ignition was prompt, and the gas
jet was directed toward compressor buildings 250 feet distant where two
out of three 20,000-horsepower turbine-driven compressors were
destroyed and the third seriously damaged. The control building and
meter house 600 feet from the fire source were destroyed. A building
housing five reciprocating compressors was destroyed, as was the
auxiliary shop. Automatic control facilities operated immediately after the
first explosion to close all valves. Backflow of gas berween the line break
and the next downstream valve 15 miles away burned off after about
three hours.
7/8/77 Accidental starting of a pipeline pump while a strainer cover plate on the
Fairbanks, Alaska 2G-inch pump suction line was being removed allowed crude oil at 250
United States  psi to be released. Ignition probably was from hot main turbines. The fire
$36,500,000 Was mostly confined to the pump house and extinguished in about three
$74,700,000 hours.
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