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OUR FOCUS ON QUALITY PRODUCES RENTECH
BOILERS TOUGH ENOUGH FOR ANY SPECS.

This built-in engineering and production muscle will save you time'and costs in
N both installation and long term maintenance. Why not get boilers that are tough
W enough to always make you look good? Take our factory tour and see for yourself
(and while in Abilene, we'll treat you to the best steak you've ever eaten!).
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MAINTENANCE & SERVICE STRATEGIES / BOILER REPAIR SERVICES / SCR AND C0 SYSTEMS
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SPECIAL REPORT: INSTRUMENTS AND NETWORKS

Wireless networks improve refinery operation

Smart instruments and secure wireless communications enable enhanced operations
and asset management

G. Martin

Cover lllustration courtesy of Emerson
Process Management. See related article,
“Wireless networks improve refinery

OPC UA: an end user’s perspective

The updated specification relies on Web services for its data transportation providing
significant advantages

R. Kondor

Soft sensor modeling using artificial neural networks
Here are guidelines for proper construction
V. Nandakumar

Hydrogen gas detection

Combining detection systems improves safety | ‘ = .
e Naranie 4 HPIMPACT

17 Networking, alarm
management, security
among top initiatives
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Fine-tuning demercaptanization process: A case study

Optimizing caustic concentrations and reactor temperatures improved £ 19 Coke drum delivery

acidic compound removal without installing new equipment
Z. Mallaki and F. Farhadi

What are the opportunities to construct liquefaction
facilities at the Arctic Circle?

Building and operating natural gas plants in the high latitudes pose numerous challenges
D. A. Wood and S. Mokhatab

In-line laboratory and real-time quality management
An in-depth look at NIR spectroscopy
M. Valleur

ROTATING EQUIPMENT/RELIABILITY

Auxiliary pumps and support systems

for process machinery

Proper system design and operation are critical to plant uptime and reliability
J. R. Brennan

PROCESS DEVELOPMENTS

Consider practical conditions for vacuum unit modeling
A good simulation model is a tool that reveals critical operating conditions

and can be applied to daily operations

R. Yahyaabadi

OPERATOR TRAINING/MANAGEMENT

From dynamic ‘mysterious’ control to dynamic
‘manageable’ control

Instructional design strategies and delivery methods for bridging the DMC chasm
S. M. Ranade and E. Torres
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HOW WOULD YOU RATHER ACCESS REMOTE
GAS LINES TO MEASURE MOISTURE CONTENT?
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New AMETEK 5100 NCM™ laser analyzer
combines integrated moisture verification
with Ethernet-based user interface.

AMETEK'’s dependable 5100 NCM noncontact moisture analyzer for natural
gas applications has all the convenience, performance and features you
demand. Moisture reading verification, combined with its Ethernet/Web
browser-based interface, eliminates your need to be on-site at alll The 5100
NCM features all-digital signal processing and an accuracy to +4 ppm over
a 5-2500 ppm range, with a 0.25 Ib./MMscf limit of detection. It meets
CL1 DIV 2 Groups A-D approvals®

With simple analyzer setup and system checks, the 5100 NCM provides
readout information anywhere it's needed, reliably and online—no complex
software required. Remote readouts and diagnostics lower maintenance .
costs and reduce downtime. With no exposed components and an i "
IP-65/NEMA 4 weatherproof enclosure designed to endure -20°C to )
+50°C, it's rugged as all outdoors.

So rest your feet, and leave the rest to AMETEK. Learn more at:
412-828-9040 or www.ametekpi.com
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WENDY WEIRAUCH, MANAGING EDITOR

HPIN BRIEF

WW@HydrocarbonProcessing.com

Report monitors Canadian oil sands projects. The recent unprecedented
shifts in crude oil’s price and the weakening global economy is impacting smaller companies
proposing oil sands projects. “When we couple the weak economy and volatile price of oil
with continued rising costs for oil sands operators, the margins for greenfield producers are
shrinking,” says a new study from the Canadian Energy Research Institute (www.cera.ca).
Margins for producers are being absorbed by continued cost increases, much of which is
due to professional and skilled labor, materials and equipment, and greenhouse gas emis-
sions costs. Under present economic conditions, global oil prices need to be closer to C$90
WTT to support new proto-typical oil sands projects over the next 30 years, according to
this analysis.

North American LNG imports are set to rise, according to one recent analysis.
In light of recent history, and the longer term outlook for growth in domestic US shale
gas, many industry commentators and analysts are suggesting that the outlook for LNG
imports into North America is bleak. “However, while it is fair to say that regas capacity
has undoubtedly been overbuilt, Wood Mackenzie believes that the medium-term outlook
for LNG in North America is not as dire as other commentators are suggesting,” says a
company study (www.woodmacresearch.com). The new forecast projects growth for LNG
imports into North America from 2009 to 2014. Wood Mackenzie predicts that the
medium-term outlook for LNG in North America is that LNG imports will increase from
1.7 Bcfd in 2009 to 4.2 Befd in 2014.

How will new US administration influence energy stocks? Analysts
with Casey Research have examined potential policies that Washington could implement
and how these might affect a particular industry sector. “A bull market will come for the
traditional energies in the long run; the problem lies in the shorter term, in the instability of
Americas energy portfolio,” says this investment viewpoint. The coal industry could be in
for a hard time under President Obama. His proposed tough 100% cap-and-trade system
will make coal plants uneconomical to run. “As natural gas is already one of the cheapest
power technologies available, the industry would weather a cap-and-trade system better
than coal,” according to this research.

US demand for specialty additives used in gasoline and other fuels
is forecast to increase 2.9%/yr to $1.3 billion in 2012. Above-average growth for deposit
control agents—the largest segment of fuel additives—will continue to support the mar-
ket, according to a new study from The Freedonia Group, Inc. Regulations are forecast to
boost demand for cold-flow improvers, which are necessary to increase the performance
of ULSD and biodiesel in colder climates. Corrosion inhibitors are also expected to show
steady growth through 2012 as these additives are needed to counteract the effects of higher
oxygenate levels in fuel. Corrosion inhibitors and additives used in diesel fuel, such as cold-
flow improvers, will show the fastest growth, says this report.

Maintaining capital project competitiveness in a slow economy. Over
the past three to four years, the engineering and construction industry has struggled with
how to get a massive number of complex domestic and international projects completed
safely, on time and within budget while providing quality deliverables. The single most
influential negative aspect of projects during this time (as defined by benchmarking from
CII, IPA, ECC and others) was the lack of skilled resources at all levels—within both the
owner and contractor organizations. “Many economic forecasts indicate that the capital
project industry will be down for approximately two to three years and then jump to levels
similar to 2006-2008,” according to Stephen L. Cabano, president of Pathfinder LLC, a
project management consultancy. He cautions that the industry would be best served by
investing in training and mentorship to ensure that project teams have the skill sets and
tools for addressing the challenges of 2010 and beyond. HP

B Multinational oil
perspectives

There is a “renewed need to react” to
supplying global demand when world-
wide economies pick up, said Jesus
Reyes Heroles, director general of
Pemex. He presented his views at the
CERAWeek conference, held recently
in Houston. Pemex is committed to
increasing Mexico's refining capacity
and avoiding engaging in “stop and
go” behavior on project investments.

Mr. Heroles said that his company is
searching for new “modalities” to coop-
erate with other national and interna-
tional oil companies. He also stressed
the urgency in retaining valuable human
resources so as to counter the past few
years' critical workforce shortages.

Jiping Zhou, vice president of China
National Petroleum Corp. and president
of PetroChina Co. Ltd., gave his perspec-
tive on the state of the industry to the
conference attendees. He noted that
the long-term fundamentals for product
supply and demand have not changed
by the present global slowdown. Calling
this a “temporary difficult time,” he
projected an upswing in his country’s
economic activity in late 2009. His com-
pany intends to maintain its “moderate
increase” of industry investment.

Tony Hayward, group chief executive of
BP, in his address, stressed the importance
of looking through the here and now to
the longer term of improved economic
activity and, consequently, heavier glob-
al oil and product demand. “The future
is not canceled,” despite present dreary
business headlines, he affirmed. His com-
pany’s business strategists are operating
under the “important reality” that 80%
of the world’s energy will be coming
from fossil fuels in 2030.

Mr. Hayward supports a cap-and-trade
system for lowering emissions, and also
emphasized the importance of a step-
change in energy R&D investments. HP
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build on our foundation

Our depth of knowledge and experience gives UOP
customers a head start.

As the global leader in technology solutions for the petroleum
refinery industry since 1914, UOP understands what it takes to
help our customers achieve and sustain success. Today, with the
support of our new parent company, Honeywell, we reaffirm our
commitment to leadership in customer satisfaction and

innovation. From equipment design and consulting to process
technology and products like high-performance catalysts and adsorbents, UOP is the one
global company that can consistently add value to your project.

Uop

A Honeywell Company

Process Technology « Catalysts » Adsorbents « Performance Equipment e Profitability Consulting
UOP LLC, 25 East Algonquin Road, Des Plaines, IL 60017-5017, USA phone: +1-847-391-2000 fax: +1-847-391-2253 www.uop.com
©2007 UOP LLC. All Rights Reserved.



HPIN RELIABILITY

HEINZ P. BLOCH, RELIABILITY/EQUIPMENT EDITOR

HB@HydrocarbonProcessing.com

Unreliability, global procurement and you

Allow us to suggest that you engage in a “reality check” on the
subject of equipment unreliability, global procurement and your
own role in the matter. Please examine, realistically and objec-
tively, the direction in which much of industry seems headed.
Then, take action if the danger signs we bring to your attention
pertain to you.

To begin with, we hope that your contributions to the safety,
profitability and sound utilization of the employer’s (or share-
holder’s) assets are highly valued. However, if you have decided
or are being asked to keep your reliability concerns to yourself, it
may be time to readjust your thinking. We believe a true reliability
professional must let others know about valid concerns and must
then take discrete steps to have these reliability and uptime issues
properly addressed and resolved.

Suppose you are consistently making solid contributions and
these are neither valued nor acknowledged. In that case you might
consider updating your resume and seek work at a location where
experienced reliability engineers are in demand. On the other hand,
start with an honest appraisal of the real value of your own contribu-
tions. Acknowledge that there is room for improvement with every
human being. Are you having a positive influence on others? Are
you really adding value to the enterprise every step of the way?

For example, it would make little sense if you were to confine
your contribution to telling management that you're “concerned”
that synthetic lubricants might be incompatible with certain paints,
or if you merely challenged the recommendation that synthetics
should be put into your cooling tower gearboxes. If you were to
voice similar “concerns” on about two-dozen other peripheral
issues you will have added no value and will have nudged your
employer closer to becoming a second-tier, low-profitability com-
pany. Instead, follow up on your concerns and establish whether
or not these are justified. Along these lines, and as an example, it
should take you no more than 10 minutes to ascertain that the
synthetic gear oil under consideration really only attacks acrylic
house paint, and that your gearbox interiors are painted with a
highly stable epoxy paint not prone to those attacks. In research-
ing the matter, you might uncover that most of your competitors
have, for decades, used one of the synthetics being considered, and
that their cooling tower fan gears have accrued an average life of 20
years. So, understand the life cycle cost implications and become
an advocate of change instead of a skeptic voicing unspecified or
vague concerns passed down by word-of-mouth.

Living with global procurement. If your company is
presently involved in global procurement of critical machine
components, take note of a few very important facts and draw
the right conclusions. Global procurement often implies buying
from the lowest bidder or from parties that offer rapid delivery. If
your company favors this simple version of a global procurement
approach and includes certain OEM parts (such as compressor

bearings and seals) in global procurement, here’s why you should
brace for potentially very serious trouble.

The dimensional and material property-related accuracy of
spare parts that have an impact on the plant’s safety and reliability
must comply with rigorous specifications and quality control.
Therefore, start by identifying the approximately 5 to 7% of parts
and components in your critical machinery that have such reli-
ability impact and assume your manager will be pleased with your
doing this identifying. Next, take tangible remedial steps. Alert
others to the urgency of only consenting to global purchasing of
these parts after appending or invoking rigorous specifications
and quality control.

Unless proven otherwise, you should assume that the lowest bid-
der utilizes neither quality control nor exacting specifications. Per-
haps this explains why it is the lowest bidder. You must provide and
sometimes personally write a specification for these critical parts.
Once critical spare parts (even the ones originating from vendors
accepting your specifications and professing to have quality control)
are delivered to your facility, the job is far from finished. You must
add value by personally verifying the full specification compliance
of these parts. Alternatively, take responsibility by arranging for
competent inspectors that verify specification compliance of the
critical spare parts received. These parts should be accepted by the
storeroom clerk only after compliance has been verified. The clerk
can then proceed to tag and preserve the parts for future use.

Understand your role and carry out your duties.
The role of a true reliability professional has been spelled out
in many books and articles. A professional is not just “a pair of
hands.” The ones that have become top contributors in their area
of expertise participate in reliability audits, engage in structured
root-cause failure analyses that culminate in eliminating repeat
failures, develop repair specifications and condemnation limits,
i.e., parameters beyond which parts can no longer be repaired,
assemble work processes and procedures to match best-of-class
competition, perform life cycle cost analyses and propose training
plans for themselves and future reliability engineers. It would seem
logical that reliability professionals become familiar with how
their best-of-class colleagues function in these roles and have been
able to keep their jobs in good times and in bad times. HP

LITERATURE CITED

You may contact the author for a list of references.

The author is the Equipment/Reliability Editor of HP. A practicing engineer and
ASME Life Fellow with close to 50 years of industrial experience, he advises process
plants on maintenance cost-reduction and reliability upgrade issues. His 16th and
17th textbooks on reliability improvement subjects were published by John Wiley &
Sons in 2006.
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HPIN EUROPE

TIM LLOYD WRIGHT, EUROPEAN EDITOR

\ q tim.wright@gulfpub.com

Sacrificed to the money system: engineering workforce

Because of the shortage of an artificial commodity known as
money, people who produce a real commodity known as oil will
shortly be losing their livelihoods and, quite possibly, their homes.

We're used to this cycle, but does it really have to be this way?
Those of us who worked in or near the oil industry through the
1990s already have the scent of what’s coming. Mergers, consoli-
dation, cost-savings and canceled projects all mean that any time
soon job cuts are due in a corridor near you.

ConocoPhillips, the first of many perhaps, has announced that
it is cutting 4% of its overall workforce, slashing capital spending
by 18% and writing off $34 billion in assets because of falling
energy prices. So, there it is, at least 1,300 job cuts on the table for
starters. We're just in that part of the economic cycle.

As my six-year-old daughter Thalia would say: “Why?” She has
a charming, although on occasions, somewhat testing way with the
word “why.” Itis simply inserted at the end of each presumed answer
until, if the interviewee is willing, the conversation turns to matters
of principle or the nature of things more deep and fundamental than
ice cream or why a third viewing of 7om and Jerry is not okay.

Father and daughter discourse. Alas, that such intellec-
tual rigor isn't more common in the adult. Just why people in the
energy industry are losing jobs is a question well worth asking.

After all, does the world no longer need energy? Are engineers
and chemists, geologists, project managers and the supporting
infrastructure not performing a function as critical today as last
summer when a metric ton of heating oil cost in excess of $1,000,
and the stuff it was made from famously hit $147/bbl?

In spite of all the warnings heard about security of supply, are
we really so sure of ourselves that we can begin to dismantle the
infrastructure for providing it? Of course, the knee-jerk answer is
“It’s the market, stupid,” but I think we need to scratch deeper.

The new head of the UK’s Financial Services Authority, Lord
Turner, seems to think that we all should apply some of young
Thalia’s rigor. He says: “Across the world, there has been an intel-
lectual failure to understand that we were building a system which
has huge systemic risks.”

I propose using Thalias infinitely recurring why and a dialogue
between father and child for the rest of this month’s column. 'm
not saying the father has all the right answers, but in common
with many of us, he’s put in some study since the banking system
collapse began.

Pappa Tim: I can’t come up and cut paper shapes with you
right now. T: Why?

PT: I'm writing an article about people losing their jobs in the
oil industry. T: Why?

PT: Well, the oil companies don’t have enough money any
more to pay them their wages. T: Why?

PT: Well, the companies and the consumers who are their
customers don’t have as much money as before, and so the price

they get for what they sell is falling. T: Why?

PT: Companies and consumers usually borrow money to buy,
build or make new things—and that uses energy—but now they
can’t. T: Why?

PT: Well, the banks aren’t lending money like they used to.
T: Why?

PT: Too many people or companies are defaulting on loans
they made in the past. In a modern economy, the way to supply
money for repaying loans and the interest is through the writing
of new loans. T: Why?

PT: Well, when banks write loans, the government allows them
to use that promise of the borrower to repay to create new money
at that point. In a process that the economist J.K. Galbraith
described as “so simple the mind is repelled,” that’s where money
comes from. It enters the money supply of the nation, formerly
as privately issued paper derivatives of the assets in the bank’s safe.
These are known as private bank checks, but today the credit of
the bank is legally interchangeable by the bank with the fiat cur-
rency of the nation... the pounds, dollars or pennies we use to buy
things. The borrower repays the bank and must pay interest to the
lender, but that creates a shortage in the money supply. T: Why?

PT: The private bank checks—today just numbers typed into the
borrower’s bank account—are created and convertible to ordinary
currency, but the interest is not created. That means the amount of
loans issued and fiat currency created must always grow. T: Why?

PT: Without more and more borrowing, there won't be enough
money generally available for the repayment of the interest on
the loans. A growing proportion of the borrowers, represented in
economics by the formula 7/(P+1'), will be foreclosed by the bank,
transferring their assets to the bank. T: Why?

PT: Well, to cater for the repayment of the interest, there must
be continuous, exponential growth in the economy so that new
loans are taken and money is created. Recently, this borrowing
has had to be undertaken by governments. But if the number of
foreclosures reaches a certain point, people get in a panic and stop
issuing loans altogether. T: Why?

PT: Banks know what economist Irving Fisher knew, that banks
don’t lend money; they, in fact, lend “promises to supply money
they do not possess.” If this promise looks like it may not be met
because wholesale lending is founded on bad loans, then that’s a
problem and the system can come crashing down, leading to a
situation where there is no longer enough money to facilitate the
essential functions of society—including developing and providing
energy resources. And that's why people are losing their jobs. HP

The author is HP's European Editor and has been active as a reporter and
conference chair in the European downstream industry since 1997, before which
he was a feature writer and reporter for the UK broadsheet press and BBC radio.
Mr. Wright lives in Sweden and is founder of a local climate and sustainability
initiative.
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Shouldn’t you know your safety
loops from the inside out?

With a smart safety instrumented system you can. DeltaV SIS. Smart.

DeltaV SIS is the only logic solver to digitally diagnose and automatically proof test elements of your entire safety loop. No
more second guessing—they’re all in view. And, it provides this valuable information seamlessly back to the operators

without a lot of extra/difficult to maintain integration effort—ensuring your process shuts down when it should and not
when it shouldn’t.

DeltaV SISis the first to use digital intelligence and diagnostics to enable safer facilities, improve availability, lower life-cycle
costs, and ease regulatory compliance. For more insight, visit: EasyDeltaV.com/SIS
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A good alarm management strategy

The ISA S18.02 standard provides a much needed, standard-
ized framework for implementing an effective and sustainable
alarm management strategy in refineries, petrochemical plants
and other process plants. Alarm manage-
ment continues to be a serious issue for
process automation end users. According
to NIST, an average of $20 billion is lost
in the US manufacturing industry every
year due to abnormal conditions. Forty
percent of these incidents can be directly
attributable to human error. When you
consider that alarm systems are the criti-
cal point between emerging abnormal sit-
uations and the operator action required
to alleviate those situations, it becomes
obvious that a refinery’s alarm manage-
ment strategy can have a huge impact on

throughput and profitability.

profitability.

The state of process alarm management. To date,
there has been little in the way of standards activities in the area
of alarm management. Certain groups, such as EEMUA and
NAMUR, have outlined best practices for alarm management, but
there have been no formal standards development activities. You
may ask, “Why is a standard even needed?” It’s needed because
the overall state of the process alarming strategy at most owner/
operator companies is shabby at best. There’s no cost associated
with adding alarms to today’s DCSs. As a result, end users are
swamped with alarms, only some of which require any real action
to be taken. Many operators have reached the point where they
spend a disproportionate amount of time dealing with alarms.
The situation is only going to get worse as alarms and alerts start
coming in from plant asset management systems, intelligent field
devices, fieldbus-based safety systems and so on.

What is ISA S18.02? The ISA S18.02 standards development
activity provides owner/operators and other end users with a
blueprint for developing an effective alarm management strategy.
Once it has been finalized, this standard has the potential to
greatly reduce the number of incidents in process plants and will
have a major impact on unplanned downtime and profitability.
ISA S18.02 is directed at people who use control systems and pre-
scribes a life cycle-based approach to managing alarms. It guides
end users through the whole process of establishing a life cycle
program where alarms are set up and rationalized in a consistent
way and reviewed for effectiveness.

ISA §18.02 does not tell automation suppliers how to design their
alarm systems, but it does help them make modifications to their
alarm management solutions that will allow end users to put together
their own alarm management program or strategy. The next genera-

B Once it has been finalized,
this standard has the potential
to greatly reduce the number
of incidents in process plants
and will have a major impact
on unplanned downtime and

tion of alarm management solutions will provide more metrics, offer
improved identification of alarm floods and provide easier hooks to
metrics that will allow users to access the data they need.

ISA S18.02 outlines best practices for
alarm strategy development for both new
and existing facilities. ISA §18.02 covers
all aspects of alarm strategy development,
from alarm philosophy to rationaliza-
tion, detailed design, implementation,
operation, maintenance, management of
change, monitoring and assessment, and
auditing. The standard also builds on the
fine work already done by the Abnor-
mal Situation Management Consortium
(ASM), the Engineering Equipment and
Materials Users Association (EEMUA)
and NAMUR. To date, the EEMUA has
had the closest thing to a best-practices document that can address
common issues surrounding today’s alarm systems. In fact, there
was a formal liaison between NAMUR and the EEMUA commit-
tees when establishing the $18.02 standard.

State of the standard. The ISA S18.02 standard is very
close to becoming finalized. The most recent ballot results at the
October 31st meetings showed that 74% of responding members
approved the standard and it has been provisionally approved by
the committee, pending incorporating comments. The final stan-
dard could be available by the end of the summer this year.

Adopting ISA $S18.02 to measure customer methods.
ARC anticipates that regulatory bodies, the insurance industry
and other health, safety and environment-related concerns, such
as HSE in the UK or OSHA in the US, will adopt ISA $18.02 as
a basis for examining customer practices in alarm management as
they relate to overall process safety and sustainability. These orga-
nizations have not yet had a standard against which to measure
company performance in alarm management. Don't be surprised
if your insurer comes into your plant and asks how you are man-
aging your alarms according to the ISA §18.02 standard so your
operators are not getting flooded with alarms. HP

The author is part of the automation consulting team at ARC covering the
process industries, and an HP contributing editor. He is responsible for tracking
the market for process automation systems (PASs) and has authored the PAS
market studies for ARC since 1998. Mr. O'Brien has also authored many other
market research, strategy and custom research reports on topics including process
fieldbus, collaborative partnerships, total automation market trends and others.
He has been with ARC since January 1993, and started his career with market
research in the field instrumentation markets.
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Spraying Systems Co.’
Experts in Spray Technology
Spray Spray
Nozzles Control Analysis  Fabrication

pray Injector Solutions

Improve Performance, Extend Service
Life and Reduce Maintenance

We have dozens of ways to help optimize the performance of your spray injectors,
quills and spool pieces. Here are just a few:

* Assistance with nozzle selection and injector placement in the gas stream —
critical factors to application success

* Validation using 3D modeling capabilities and spray testing in our labs
based on your operating conditions ensure performance goals are met

* Recirculating, air- or liquid-cooled, multiple nozzle designs and more
to meet any quality standard or extreme engineering requirement

* Retractable, flexible and multi-directional designs are available
to minimize maintenance and service interruptions

Learn More at spray.com/injectors

Visit our web site for helpful literature on key considerations in
spray injector design and guidelines for optimizing performance.

Our solutions include injectors for: Computational Fluid Dynamics
T (CFD) is often used to help fine
¢ Distillation columns tune injector performance

requirements and placement

* Regenerator bypass

* FCCU water wash
 Fractionator water wash
* Pollution control equipment -
e Steam quench
e And more

In the US and Canada: 1-800-95-SPRAY | 1-630-665-5000 | spray.com | info@spray.com
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Association news in brief

2009 Industrial Automation
Safety and Security
Symposium

The 2009 Industrial Automation Safety
and Security Symposium will take place
April 22-23 at the Marriott Houston Hobby
Airport in Houston, Texas. This event is pro-
duced by the International Society of Auto-
mation (ISA). The symposium will address
technical and business issues associated with
identifying and mitigating safety hazards in
industrial environments. Additionally, this
year’s symposium will include additional
technical focus on cyber security threats to
industrial environments and design con-
siderations engineers must consider when
designing industrial processes and safety
instrumented systems. The symposium will
provide an in-depth look at today’s safety
technologies and procedures. The event
is intended to create a forum where paper
presentations and panel discussions transfer
information from the leaders and experts on
safety and control to industry professionals.

Technical theme areas include: safety
instrumented systems, alarm management,
industrial security and lowering cost of
capital and return on investment through
safety and security projects. To register,
visit www.isa.org/safetysymposium.

GPA convention seeking
young professionals

The 88th annual Gas Processors Asso-
ciation (GPA) convention takes place
March 8-11 in San Antonio, Texas. Any
midstream young professionals that will
be at the convention are encouraged to
participate in an event called “Fueling
Your Future.” The event features a special
discussion with John Gibson, CEO of
ONEOK. Following Mr. Gibson’s remarks
will be a panel of industry experts ready to
field questions about career opportunities
and options. The panelists are expected to
be long time veterans of the gas process-
ing industry and should have the ability to
answer any questions proffered, no mat-
ter how technical or far-fetched. The GPA

believes this event will combine two crucial

facets to any successful gathering—a learn-
ing component and networking oppor-
tunities. Following the panel discussion,
there will be a dinner for attendees at the
Casa Rio restaurant on the Riverwalk.

Houston BMA luncheon

At the Houston Business Marketing
Association (BMA) luncheon in January,
three speakers delved into educational
and perceptional outreach efforts from
the energy industry to students, educators,
members of the media, legislators and the
general public.

Bill Pike spoke first, as a representative
for the Society of Petroleum Engineers
(SPE). He discussed the SPE’s educational
website, www.energy4me.org. He then
described other outreach efforts, including
an energy education kit for K-12 class-
rooms and an oil and natural gas book
for students. According to Mr. Pike, SPE
distributed 6,500 books in 2008 and plans
on translating the book into multiple lan-
guages in 2009.

Susan Ganz, an American Petroleum
Institute (API) member and marketing
executive for Schlumberger, was next on
the program. Her remarks were about
API’s education strategy. According to
her, a survey from August 2007 rated the
energy industry 20th out of 21 industries
in serving customers. With that in mind,
API developed an e-advocacy goal of
bringing more balanced media coverage of
the industry while also raising energy lit-
eracy levels. One element of this approach
was founding a communications center to
tell the industry’s story, with capabilities of
rapid response to correct inaccurate infor-
mation. Outreach by company CEOs was
also encouraged and chats were arranged
with influential audiences.

Ms. Ganz said the specifics of the strat-
egy involved 120 events in 55 markets.
These events included keynotes, panels and
a partnership with Newsweek that sometimes
utilized “influencer salons.” She was also
proud of a touring interactive technology
exhibit that has visited 20 state capitals.

The website from which much of the
outreach is managed is www.energyto-
morrow.org. Ms. Ganz said the outreach
efforts can be considered a success. After
evaluating the tone of coverage and level of
engagement, she thinks the media, public
and lawmakers were forced to reconsider
some opinions. For instance, in June 2007,
the tone of monitored media stories and
blog postings was 2—1 against the energy
industry. By August 2008, this tone was
flipped, with coverage 2—1 in favor.

Tommy Lyles, a communications man-
ager at Chevron, concluded the program
by speaking about a game his company
had developed with an eye toward educat-
ing middle school and high school stu-
dents about energy policy. Called “Wel-
come to Energyville,” the game can be
accessed by visiting www.willyoujoinus.
com/energyville.

SPAR conference to take
over Denver

SPAR’s 2009 conference convenes
March 30-April lin Denver, Colorado.
The focus of the conference includes 3D
laser scanning, mobile surveying, asset
management, CAD/GIS integration and
security planning. Charles Matta, director
of federal buildings and modernization
for the General Services Administration
(GSA), will give a keynote presentation
on the GSA’s use of 3D scanning for its
BIM initiatives. The Shaw Group’s Andy
Guard will offer a case study on how his
firm is using laser scanning for industrial
plant applications. On the education side,
there is much talk about the 3D laser scan-
ning boot camp, which will be delivered
by SPAR’s advisory board.

New exhibitors at SPAR 2009 include:
ClearEdge3D, CSA, IXSEA Land and Air,
TechSoft 3D and Velodyne. There are also
several association sponsors, including
the ASTM, the American Society of Civil
Engineers, CyArk, the International Asso-
ciation of Forensic and Security Metrol-
ogy and the Society of Piping Engineers
and Designers. HP
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Networking, alarm
management, security
among top initiatives

ISA recently conducted an online sur-
vey to find out what automation industry
observers and practitioners felt that near-
term trends were going to be.

When survey participants were asked
which technology their facility would rely on
for 2009, the top choice was networking at
21%. “With wireless being the rage through-
out the industry, you would think it would
score higher, but alarm management was
second at 15% and predictive maintenance
and security third at 14%,” says Gregory
Hale, editor of ISA’s /2 Téch magazine. Wire-
less’s rank was 13%, and enterprise interop-
erability came in at 7% (Fig. 1).

Down the road though, the future looks
brighter for wireless. About 22% of those
responding to the survey said that wire-
less would be the technology industry users
will adopt over the next five years. Asset
management was second at 15%, while
networking and predictive maintenance
scored at 14%. Alarm management and
security came in at 12%, while enterprise
interoperability had 10%.

Regarding communication, in a turn-
around from last year, 53% of respondents
said the plant floor is currently able to com-
municate data through the enterprise to the
executive suite, while 47% said they did
not. That is the opposite from last year. In
2008, 47% said they could communicate,
while 53% said they did not.

At his refinery, Peter Mitchell, process
controls engineer at the ConocoPhillips

Bayway refinery in Linden, New Jersey,
commented that the refinery wanted all
departments to be on the same page. “We
are looking at advanced controls projects
to integrate more of the refinery’s units
together,” Mr. Mitchell says.

Others simply just want to understand
what their equipment is telling them.

“We need to move into OPC to get more
data,” according to Robert Dusza, project
and tech support manager at Manchester
Water and Sewer in Manchester, Connecti-
cut. “Since we buy from the lowest bidder, we
can't standardize on a PLC. We have different
brands, and they have their own protocols,
and that becomes a headache. By implement-

ing OPC, the data all look the same.”

Business factors. When asked what they
see as the biggest business challenge for the
coming year, 45% of survey respondents
said the recession. The next closest answer
was related to the recession: profitability,
which came in at 14%. Energy costs and
workforce-development challenges ended
up at 9%, and the aging out of the work-
force came in at 7%.

“There is a lot of emphasis on control-
ling costs from what we are told,” accord-
ing to Mr. Mitchell. “We will work toward
saving on energy costs. We are focused on
energy cost reduction, and we will do that
moving forward.” Between the extra costs
for a plant turnaround that the company
has scheduled for this year and the econ-
omy, it will be tight times at the refinery.
“We will not spend
where we don’t have
to spend,” he says.

Which of these technologies will you adopt over the next five years?

other [11%

Wireless [ | 22%
Networking [ |14%
Asset management | | 15%
Alarm management T %
Predictive maintenance | [14%
Security [ ]12%

Enterprise interoperability T To%

Source: ISA, In Tech, January 2009
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Automation and control professionals respond to a recent A 400-ton coke drum on barge for delivery to Texas
survey. refinery.

Looking through the crystal ball, respon-
dents do not see the recession lasting; they
said that the biggest business challenge over
the next five years will be workforce develop-
ment, followed closely by aging out of work-
ers and profitability concerns. “Baby Boom-
ers” leaving the industry remains an issue.

Outlook in Europe. In economic terms,
the 2009 outlook for the European control
and instrumentation sector seems slumping,
with layoffs and project cancellations becom-
ing widespread. “There are some bright
spots, however. Several European refineries
remain committed to adding biodiesel lines,
and these plans have not changed,” accord-
ing to ISA’s Cris Whetton.

Construction of stand-alone biodiesel
plants is more or less at a standstill, and
ethanol plants have never attracted the
attention they have in the US, but biodiesel
integrated with an existing refinery seems
to be growing in popularity.

The big growth area is biogas—methane
produced from biological waste and either
used locally or injected into a national util-
ity. This is a major growth area in Germany,
Switzerland and Central Europe.

Another major growth segment is
expected to be security systems. In this area,
wireless solutions are in favor. “For obvi-
ous reasons, few are prepared to be specific
about their plans, but as utilities continue
to suffer from copper thefts, they are seek-
ing wireless solutions, including RFID, for
access control,” says Mr. Whetton.
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Unrivalled experience you can trust.

Over the past 30 years, ABB has pioneered the safety system innovations that

have protected people, processes and the environment for generations. Our
installed base of safety systems spans more than 55 countries; ABB protects the
world’s largest oil platform, as well as its most complex pipeline project, and
many other installations. From the very first safety systems in the North Sea
to today's wide variety of leading-edge system options, ABB has developed the
unmatched global expertise along with the solutions and services needed to
effectively make processes safer, more reliable and more efficient.

So why trust your most critical assets to anyone else?

Find out more at www.abb.com/controlsystems.

Power and productivity
for a better world™
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Coke drum delivery
marks project milestone

at Texas refinery

TOTAL:s refinery in Port Arthur, Texas,
recently achieved a significant project target:
the arrival of the centerpieces for its $2.2
billion Deep Conversion Project. Four mas-
sive coke drums—considered to be the heart
of the project—were delivered to the plant
from Spain in late January. Each drum is 12
stories tall, 32-ft wide and weighs 404 tons.

The company invited HP, other media
representatives and guests to observe this
construction milestone.

“This project reflects our strategy of
investing to enhance the efficiency and
competitiveness of our large refining hubs
worldwide, while at the same time reducing
our environmental footprint,” according
to Michel Bénézit, TOTALs president of
Refining and Marketing worldwide.

The Deep Conversion Project includes
a 50,000-bpd coker, a desulfurization
unit, a vacuum distillation units and other
related components.

The new units will increase the facility’s
deep-conversion capacity and expand its
ability to process heavy and sour crude oil.
With the upgrades, 3 million tons/yr of
ultra-low-sulfur automotive diesel will be
added to the refinery’s production, raising
total output of all products combined to
about 12 million tons/yr. Project commis-
sioning is scheduled for 2011.

The undertaking is using the latest
generation of coker technology. TOTAL is
adapting refining operation to meet pres-
ent and future transportation fuels mar-
ket. “The refiner must evolve to remain
competitive,” Mr. Bénézit said. This proj-
ect increases the refinery’s complexity and,
according to Mr. Bénézit, project payback
should be achieved in one year.

New units. The core project involves
constructing the following new units:

e Coker (deep conversion unit)

* Vacuum distillation unit to prepare
the coker feed

¢ Distillate hydrotreater

e Coker naphtha hydrotreater

* Hydrogen purification—PSA

e Sulfur recovery.

In addition, the power supply of the
refinery will be modernized by connecting
the new entity to the 230-kV network. The
upgrade will use about 70,000 cubic yards
of concrete—more than the quantity used
to construct the Empire State Building.

Also, 15,000 tons of steel and 180 miles of
piping will be required.

Pace of economic decline
forecast to slow

in first half of 2009

The US recession deepened dramatically
in the fourth quarter of 2008. However,
according to one recent industry analysis,
the rate of the economic contraction should
slow in the first half of 2009, and economic
expansion will likely resume in the second
half of the year. The Conference Board, a
nonprofit business and management orga-
nization, says that its forecast of a 5.9%
annualized decline in real GDP in Q4 2008
reflects across-the-board weakness from the
negative effect of the escalation in the credit
crisis on consumer and business activity in
the US and abroad.

The worsening labor market, the sharp
slide in household net worth, and tighter
credit standards resulted in about a 2.5%
decline in real consumer spending, despite
very steep and early holiday discounting and
a rapid decline in the consumer price index.

External demand for US exports also
dropped precipitously as the financial crisis
spread globally and the economic recession
deepened among major trading partners.
Companies greatly reduced their inventory
levels in Q4 by about $67 billion. “Invento-
ries will continue to be a drag on growth in
the first half of 2009, but since more of the
inventory correction occurred in Q4 than
we previously forecast, they will help limit
the contraction of growth in Q1 and Q2,”
according to the Conference Board.

Slowing slide? Despite the consider-
able downside risks that exist, the fourth-
quarter 2008 could mark the deepest part
of the recession. This analysis suggests “a
good likelihood” that the US economy will
post a modest recovery by the second half
of 2009. Financial market conditions are
showing some signs of improvement, led
by a noticeable recovery in the short-term
money markets and a narrowing in invest-
ment and noninvestment grade corporate
bond yields.

Significant monetary and fiscal policy
easing is providing much-needed capital
and bolstering confidence, though a high
degree of risk aversion keeps financial con-
ditions far from normal. At the same time,
concerns about a rising deficit and govern-
ment debt are mounting and will likely
damper future economic growth.

MPACT

“We look for just a modest recovery in
real GDP of around 2.5% in the second
half 0of 2009, as the rebalancing of personal
consumption and savings will take signifi-
cant time,” says the Conference Board. As
a consequence, a 1.7% decline in GDP
growth for 2009 as a whole is forecast,
which is just short of the largest contrac-
tion of 1.9% posted in 1982.

Nobel Laureate Chu
selected to head US
Department of Energy

During his recent Senate confirmation
hearing for Secretary of the US Depart-
ment of Energy (DOE), Steve Chu—an
acclaimed physicist and Nobel Laureate—
said that boosting development of energy-
efficient technologies is a critical part of
President Obama’s plan to revitalize the
economy and strengthen energy security.

Dr. Chu, director of Lawrence Berkeley
National Laboratory, pledged to implement
the new administration’s goals of increasing
research and development of new energy
technologies, developing fuel-efficient vehi-
cles and increasing the energy efficiency of
buildings and appliances.

“We are very fortunate to have a nomi-
nee of Dr. Chu’s high caliber to take on
these responsibilities. He will bring to the
job the keen scientific mind of a physicist
and Nobel Laureate,” said US Senator Jeff
Bingaman (D-NM), speaking at Dr. Chu’s
confirmation hearing.

Dr. Chu was a committee member of The
American Physical Society that produced the
report, Rising Above the Gathering Storm.

“The over-arching message of that
report is simple: The key to America’s
prosperity in the 21st century lies in our
ability to nurture and grow our nation’s
intellectual capital, particularly in science
and technology. As the largest supporter of
the physical sciences in the US, the Depart-
ment of Energy plays an essential role in the
training, development and employment of
our current and future corps of scientists
and engineers.”

In 1997 while at Stanford University,
Dr. Chu was one of three scientists to win
the Nobel Prize in physics for developing
methods of cooling and trapping atoms
with lasers—work that he carried out at the
former AT&T Bell Laboratories.

Dr. Chu is the first Nobel Laureate to be
confirmed as a Cabinet member. He suc-
ceeds Samuel W. Bodman, who held the
post since January 2005. HP
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leave your mark
on tomorrow’s
energy solutions

ExxonMobil is seeking experienced engineers with proven leadership skills for refining and
chemical positions in Beaumont, Texas. Qualified individuals will have a B.S. or higher in
Chemical, Mechanical, or Electrical Engineering; relevant experience; a demonstrable history
of effective leadership in a team environment; and extensive expertise in specific areas:

e Delayed Coker Process Engineer - B.S. Chemical or
Mechanical Engineering (job # 7481)

e Continuous Catalytic Reformer Process Engineer
- B.S. Chemical Engineering (job # 7481)

e Light Ends Process Engineer (fractionation, alkylation,
isomerization) - B.S. Chemical Engineering (job # 7481)
Refinery Utilities Engineer (gas turbine generators, boilers,
water treating) - B.S. Chemical or Mechanical Engineering
(job # 7481)

e Energy Conservation Engineer (combustion, heat exchanger,
and steam system management, energy projects) - B.S.
Chemical, Mechanical, or Electrical Engineering (job # 7481)

¢ Refinery Process Control Engineer - B.S. / M.S. Chemical
Engineering (job # 7218)

e Olefins/Aromatics Process Control Engineer - B.S. Chemical
Engineering (job # 7218)

¢ High Pressure Machinery Engineer for polyethylene plant
- B.S. / M.S. Mechanical Engineering (job # 7479)

e |nstrument Engineer (general unit support, compressor
specialist, PLC coordinator, or large project support)

- B.S. / M.S. Electrical Engineering (job # 7220)

e Fixed Equipment Engineer for polyethylene plant - B.S. /

M.S. Mechanical Engineering (job # 7423)

Please apply online at exxonmobil.com/ex to the job numbers listed above.
(Note: please apply to the two jobs that most closely match your skills and
interests, as you are limited on the number of jobs to which you may apply.)
Additional information on position duties is available online.

Exxon Mobil Corporation An Equal Opportunity Employer

Mobil Ex¢onMobil

Brands of ExxonMobil Taking on the world’s toughest energy challenges'”
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Regenerable SO, scrubbing
eases environmental pressures

To manage growing strategic pres-
sures from green fuels and environmental
issues, refiners will be required to direct
more attention to their refinery total sulfur
balance. Non-regenerable sulfur dioxide
(SO,) scrubbing systems will increase costs
as expenses for reagents such as sodium
hydroxide, lime or limestone increase.

Further, tighter environmental controls
will likely limit disposal of gypsum to land-
fill or to disposal of sodium sulfate into
refinery wastewater streams. Regenerable
SO, scrubbing systems can help ease many
of the environmental and market-induced
pressures that are associated with greater
use of high-sulfur crude oils.

The CANSOLV SO, Scrubbing Sys-
tem, operating commercially since 2002, is
claimed to be a proven regenerable amine
technology that removes SO, from various
gas streams found in refineries and petro-
chemical facilities. The system is regenera-
ble—meaning that the chemical absorbent
is not consumed within the process. The
high costs of consumable absorbents are

To stack

CANSOLV battery
limits

unit

Amine purification

Amine
absorber

thus eliminated, and effluents are reduced
to a minimum. Furthermore, the high
capacity and selectivity of the absorbent
reduce capital costs.

This patented technology uses an aque-
ous amine solution to achieve high-effi-
ciency selective absorption of SO, from
a variety of gas streams. The scrubbing
byproduct is pure water—saturated SO,
gas is recovered by steam stripping, which
is low-quality heat.

The scrubbing systems have been oper-
ating in various reﬁning units, including:

¢ Fluid catalytic cracking unit and fluid
coker carbon monoxide boiler SO, scrubber

¢ Claus sulfur recovery unit (SRU)

* Capture-SO; from flue gas generated
by resid-fired crude unit process heaters
and utility boiler systems.

SRU tail-gas scrubbing. To manage
higher sulfur loadings and process lower
sulfur-content transportation fuels, revamp-
ing the refinery will require adding an SRU
tail-gas cleanup system. This can also be
satisfied by installing the CANSOLV SO,
scrubber as part of the SRU expansion.
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SRU tail-gas cleanup unit can be integrated into an existing three-stage SRU.

Fig. 1 illustrates how the regenerable
amine scrubber can be integrated into an
existing three-stage SRU that is designed
for 97% conversion efficiency at the end
of catalyst run conditions. In this case,
operating costs do not include natural gas
consumption and steam production in the
tail-gas thermal oxidizer.

Extensive flue gas cooling is required
to chill the gas to absorber conditions and
remove water formed by the Claus reaction.
The prescrubbing system must purge 44
gpm, or 7.3 tons of water per ton of SO,
captured by the tail-gas system. On an SRU
basis, this translates to 0.4 tons of water per
ton of sulfur directed to the pit.

Select 1 at www.HydrocarbonProcessing.com/RS

Gas analyzer sets new standard
in oxygen measurement

Servomex has introduced the SERVO-
TOUGH Oxy oxygen gas analyzer. It is
claimed to offer an exceptional range of
industry-standard options and three
unique, groundbreaking functions. The
analyzer is expected to set new flexibility,
stability and reliability standards from a
single, cost-effective unit.

As well as fault and calibration histo-
ries, all units offer NAMUR-compliant
relay functions, allowing two concentra-
tion alarm levels and maintenance-required
service in progress, and instrument fault
messages to be communicated remotely.
A comprehensive Modbus protocol allows
remote communication and unit interroga-
tion as standard via RS485, as well as an
option for Ethernet connectivity.

Auto-validation and auto-calibration
functions allow users complete flexibility
for unmanned or remote operation, or to
generate maintenance and reliability sched-
ules using trending information. Stainless-
steel pipe work, automatic range change,

As HP editors, we hear about new products,
patents, software, processes, services, etc.,
that are true industry innovations—a cut
above the typical product offerings. This sec-
tion enables us to highlight these significant
developments. For more information from
these companies, please go to our Website
at www.HydrocarbonProcessing.com/rs and
select the reader service number.
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Your process must remain on target
at a certain temperature.

Can your mixing valves keep it there?
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For worry-free heat exchanger control, choose the Fisher® GX 3-way
valve from Emerson. It provides accurate, constant control of
temperature for either mixing or splitting service. And its robust,
low-profile design fits tight spaces. There’s no better way to stop
temperature fluctuations than the Fisher GX 3-way valve. Learn more

at www.Fisher.com|gxHP or contact an Emerson sales office.
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HPINNOVATIONS

fixed background gas compensation and
measurement filtration are also standard.

The Oxy introduces three unique
options:

* An innovative, fully heated sample
compartment removes the requirement for
a sampling conditioning system on all sam-
ples with a dew point up to 50°C. Respon-
sible for up to 80% of failures in compa-
rable units, sample conditioning failure is
a major cause of unplanned downtime. The
heated sample compartment design reduces
this risk of downtime by removing coolers,
dryers and other conditioning devices.

* A unique flow sensor has been placed
after the measurement outlet, guarantee-
ing accurate flow alarm settings for all uses
including safety applications.

* A novel integrated pressure compen-
sation system not only compensates for
barometric pressure but also for back pres-
sure variations from flare stacks, enabling
emission compliance targets to be easily
met. Both the flow sensor and pressure
compensation system technologies report
via the instrument’s standard communica-
tion options, providing all measurement and
safety benefits without the need to install
additional devices and cost-hungry cabling.

Potential applications for the analyzer
include usage in process control, safety
critical oxidation such as ethylene and
propylene oxide, flare stack analysis, prod-
uct purity, feedstock cleanup and inerting
or blanketing.

Select 2 at www.HydrocarbonProcessing.com/RS

Biodiesel analysis uses
radial plasma view

Thermo Fisher Scientific Inc. has incor-
porated unique capabilities in the iCAP
6000 Series of ICP emission spectrome-
ters to achieve dependable monitoring of
elemental contaminants in biodiesel. The
dedicated radial plasma view system config-
uration is claimed to provide enhanced ana-
lytical capabilities for important elements
such as sulfur and phosphorus. Addition-
ally, the enhanced matrix tolerance torch
and swing frequency RT generator easily
handle organic matrix samples and ensure
improved stability.

Most biodiesel production plants use
plant oils as a starting material for produc-
tion. However, these plants usually have
relatively high phosphorous content. This
is undesirable in fuels as it can lead to cor-
rosion of mechanical engine components.
Sulfur also affects engine wear if present in
excess concentrations in the starting mate-

rials and causes environmentally harmful
sulfur dioxide emissions.

EN 14214 and ASTM DG6751 stan-
dards have been introduced specifying the
requirements for biodiesel and its analysis.
These documents require that the con-
centrations of elemental contaminants in
biodiesel be regularly monitored and spec-
ify the method for its analysis. The aim is to
ensure optimum engine performance and
reduce environmental impact.

Traditionally, axial-view ICPs have been
the configuration choice for ICP emission
spectrometers used to perform biodiesel
analyses due to lower detection limits.
Owing to the robust nature of its dedicated
radial view plasma and the elimination of
carbon-based emission interferences associ-
ated with the axial view configuration, the
new spectrometer’s radial view is claimed
to be a powerful alternative, consider-
ably increasing analytical sensitivity for
important elements such as phosphorus
and sulfur.

This configuration demonstrates improved
detection limits for lower concentrations of
samples, being capable of providing accurate,
dependable phosphorus, sulfur and potassium
analysis. This is a crucial benefit as, according
to regulations, detection limits must be 10
times below the regulated concentration levels
to provide sufficient margin for ensuring a
sensitive measurement.

Other features. Additionally, the iCAP
6000 spectrometers have full wavelength
coverage from 166 nm to 847 nm with
full frame capability, offering full spectrum
trend analysis and contamination identifica-
tion between batches of biodiesel produced.
Their advanced optical design enables
improved resolution and detection limits.

The systems are fitted with a fourth-gen-
eration CID detector. This provides a wide
dynamic range, resistance to saturation and
greater detection capability. The new series
incorporates fully automated wavelength
calibration and offset correction capabilities
for excellent long-term stability.

The instrument’s distributed purge sys-
tem offers reduced gas consumption and
improved performance for elements such
as sulfur and phosphorus that emit light in
the ultraviolet spectrum region. The spec-
trometer’s ergonomic design—with a large,
wide-opening door—enables easy access
to the sample compartment and peristaltic
pump. This makes routine maintenance
easier and faster.

Select 3 at www.HydrocarbonProcessing.com/RS

VESSEL &
EXCHANGER
ANALYSIS

Easy
Accurate
Reliable

What makes PVElite one of the
fastest growing vessel & exchanger
analysis solutions on the market?

Because of design and analysis features
such as:

e Intuitive user interface

e ASME VIIl 1&2, EN 13445, PD5500 codes

e Analysis to TEMA standard

e International wind/seismic codes

e Stack design

e Fitness for Service capabilities

e Component calculations with CodeCalc®
built-in

e Ability to mix and match units for analysis
and reporting

e Comprehensive output & reports

e Bi-directional links to CADWorx®
Equipment Module

PVElite delivers!

Contact us to find out how you can improve
your design engineering efficiency.

C:AE

ENGINEERING SOFTWARE

Plant Focused.
Industry Drivens

+1281-890-4566 - sales@coade.com

©2007 COADE, Inc.

www.coade.com
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With over three decades of experience
providing technology, engineering,

fabrication, and construction services, Linde Process Plants, Inc.
Lm_de Procg§s Plants, Inc. ‘|‘s Ina . A member of The Linde Group
unique position to be your “one-stop 6100 S. Yale Ave. Suite 1200
total solution provider. Tulsa. OK 74136. USA
] Phone: 918-477-1200
« Sulfur Recovery + Merox Units Fax: 918-477-1100
+Sour Water Stripper - Amine www.LPPUSA.com
* Cryo-Plus + Hydrotreating g-mail: sales@LPPUSA.com

- Off-Gas Treating *CCR’s
- Isomerization Units - Platformers

Linde Englneermg | . . .
Accepting Challenges. Creating Solutions.
W @ pting g g
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North America

Total’s refinery in Port Arthur, Texas,
recently added some equipment as part
of an ongoing $2.2 billion upgrade. The
upgrade, known as the Deep Conversion
Project, includes a 50,000-bpd coker, a
desulfurization unit, a vacuum distillation
unit and other related units. The new units
will add 3 million tpy of ultra-low-sulfur
diesel to the refinery’s current production.
The project should be complete in 2011.

Enerkem Inc.’s plant in Westbury,
Quebec, Canada, recently entered a startup
phase with the production of its clean-con-
ditioned syngas. Construction on the plant
began in October 2007 and the facility was
mechanically complete in December 2008.
Once the facility begins production, it will
produce liquid fuels and green chemicals
using renewable, non-food, negative-cost
feedstock, like wood from used electricity
poles. Production is forecast for 1.3 million
gpy of second-generation ethanol.

Praxair, Inc. has a hydrogen supply con-
tract from Dynamic Fuels, LLC. Dynamic
Fuels will use hydrogen supplied by Praxair to
produce renewable fuels from non-food-grade
animal fats produced or procured by Tyson
Foods. Diesel and jet fuels will be produced at
Dynamic Fuels’ Geismar, Louisiana, produc-
tion facility by using fats such as beef tallow,
pork lard, chicken fat and used greases.

Dynamic Fuels’ $138 million plant is
currently scheduled to begin production
in 2010, with a total capacity of 75 million
gallons of fuel per year.

Jacobs Engineering Group Inc. has a
contract from a major oil and gas company
for the engineering of a thermal facility
in northeast Alberta, Canada. Jacobs will
perform pre-engineering design specifica-
tions (pre-EDS), EDS, detailed engineering
and procurement services for the in-situ oil
sands central processing facility. Engineer-
ing activities began November 2008 and
Jacobs is scheduled to complete its scope
in February 2011.

CB&I has a contract, valued in excess of
$50 million, to design and fabricate a distil-
late hydrotreating unit for a North American

refinery. CB&I’s scope of work for the proj-
ect includes the engineering, procurement
and fabrication of the hydrotreating unit,
which removes sulfur from diesel by utilizing
a catalyst in the presence of hydrogen.

South America

INEOS Technologies has granted two
polyethylene technology licenses to Poli-
mérica S.A. These plants will form part of
Polimérica’s cracker and derivatives complex
in José, Venezuela. Startup of the complex
is planned for 2013.

The first of the two new facilities will
be a 430,000-mty gas phase polyethyl-
ene plant using INEOS swing gas phase
technology to produce linear low density
polyethylene (LLDPE) and high density
polyethylene (HDPE). The other will be
a 400,000-mty slurry polyethylene plant
using INEOS slurry technology for the
production of HDPE.

Europe

Total Petrochemicals recently started
up a revamped styrene unit at its petro-
chemicals facility in Gonfreville-I'Orcher,

TREND ANALYSIS FORECASTING

Hydrocarbon Processing maintains an
extensive database of historical HPI proj-
ect information. Current project activity
is published three times a year in the HPI
Construction Boxscore. \When a project
is completed, it is removed from current
listings and retained in a database. The
database is a 35-year compilation of proj-
ects by type, operating company, licen-
sor, engineering/constructor, location, etc.
Many companies use the historical data for
trending or sales forecasting.

The historical information is available in
comma-delimited or Excel® and can be cus-
tom sorted to suit your needs. The cost of
the sort depends on the size and complex-
ity of the sort you request and whether a
customized program must be written. You
can focus on a narrow request such as the
history of a particular type of project or
you can obtain the entire 35-year Boxscore
database, or portions thereof.

Simply send a clear description of the data
you need and you will receive a prompt
cost quotation. Contact:

Lee Nichols
P. O. Box 2608
Houston, Texas, 77252-2608
Fax: 713-525-4626
e-mail: Lee.Nichols@gulfpub.com.

France. With capacity expanded by
210,000 metric tpy, the 600,000-met-
ric tpy unit will be one of the largest in
Europe. The unit’s startup is part of the
industrial restructuration project launched
by Total Petrochemicals in France in the
spring of 2007. Central to this plan, Total
Petrochemicals’ styrene business in Europe
has been rescaled and consolidated at the
Gonfreville complex, resulting in the shut-
down of the Carling unit in France. This
reduced overall styrene production capacity
by 120,000 metric tpy.

Project capital expenditure amounted
to €320 million, including €20 million to
adapt the site infrastructure and improve
safety and environmental standards. Due
in part to its new reactors, the styrene units
energy efficiency has increased 30%, thereby
reducing carbon emissions from styrene pro-
duction processes by a similar percentage.

Burckhardt Compression has an order
from a refinery in northern Italy to deliver
two process gas compressors for a new mild
hydrocracker unit. The contract comprises
two multiservice makeup process gas com-
pressors that are equipped with a monitor-
ing and diagnostic system and the recycle
arrangement in three compression stages.
The compressors will be used for the pro-
duction of ultra-low-sulfur diesel and are
driven by 2,500-kW electric motors. They
are scheduled to be delivered in July 2009.
The plant will start the production of clean
diesel at the beginning of 2010.

Foster Wheeler Ltd.’s Global Power
Group has been awarded a contract for a
heat recovery steam generator (HRSG) by
UTE IBERESE-SOMAGUE. The boiler
will be integrated in a cogeneration plant
that Repsol is constructing at the Sines
refinery in Portugal. Foster Wheeler will
design, supply and erect the HRSG, and
will also provide startup supervision for
the HRSG, which will be coupled to a Sie-
mens SGT-800 combustion turbine, with
a total installed ISO rating of 47 MWe
(gross megawatt electric). The HRSG will
produce high and low-pressure steam for
the refinery process. Commercial operation
of the HRSG is scheduled for the second
quarter of 2010.
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Middle East

Invensys Process Systems (IPS) has
signed a multimillion dollar contract with
Qatargas to complete a major automation
upgrade at the Qatar Gas 1 facility in Ras
Laffan Industrial City, Qatar. Under the
terms of the contract, IPS will upgrade con-
trol processors, gateways, local area networks
and network security. The upgrade will give
Qatargas improved compatibility between
different generations of system components

at Qatar Gas 1, as well as extend the life
cycle of the overall control system there.

Saudi Aramco Mobil Refinery Co., Ltd.
(SAMREF) has selected WorleyParsons to
execute its Clean Fuels Project at Yanbu Al-
Sinaiyah, Saudi Arabia. The project encom-
passes significant modifications to SAMREF’s
refinery to comply with future mandatory
sulfur levels of 10 parts per million in gasoline
and diesel. The phased construction project is

MORE THAN JUST
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SNC-Lavalin designs, develops and delivers leading engineering,
construction, infrastructure and ownership solutions worldwide. We
listen carefully to you, and the communities you serve, while striving
for excellence in our commitment to health, safety and the environ-
ment. We have the global versatility and technical expertise to meet
your expectations and complete your vision. www.sncl.us
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SNC-Lavalin Engineers & Constructors Inc.
9009 West Loop South, Suite 800 * Houston, Texas 77096 « USA + 713-667-9162 * sncl@sncl.us
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expected to begin startup in 2013.
WorleyParsons’ scope of work includes
front-end engineering design (FEED) and
full responsibility for engineering, procure-
ment and construction of the facilities.
Dependent on finalization of the scope of
work details, WorleyParsons’ services contract
value could be as high as $ 400 million.

Technip has an EPC contract with
Middle East Oil Refinery (MIDOR), esti-
mated at approximately €43 million, for
the expansion of the delayed coking unit of
its refinery in Alexandria, Egypt. Engineer-
ing, procurement and supply of equipment
and materials will be delivered on a lump-
sum basis; construction activities will be
charged on a reimbursable basis.

The delayed coking unit, based on
ConocoPhillips technology, will have a
production capacity of 30,000 bpd. It is
scheduled to be delivered by the third quar-
ter of 2010.

Asia-Pacific

LyondellBasell Industries recently
started up its new polypropylene (PP) com-
pounding facility in Nansha, China, with a
nominal capacity of 15,000 tpy. The new
facility is operated by Guangzhou Basell
Advanced Polyolefins Co., and supplies
polypropylene composites and alloy materials
to the automotive and appliance industries.

Black & Veatch’s LNG process contrib-
uted to the development of the LNG facility
in Erdos, China, which attained full pro-
duction capacity of 200,000 metric tpy in
December 2008. A second facility that Black
& Veatch worked on, in Zhuhai City, China,
has also begun commercial operation.

Four additional plants are planned in
central Sichuan Province, central Shaanxi
Province, northwestern Gansu Province
and the northwestern Xinjiang Autono-
mous Region. Upon completion, the six
facilities will supply a total of approximately
1.2 million tpy of LNG.

Africa

Shell Global Solutions International BV
has a contract with Oilmoz Lda to design a
refinery. Oilmoz Lda plans to build an $8 bil-
lion, 350,000 bpd oil refinery in the Maputo
province of Mozambique. Shell Global will
start off as technical adviser for the project
and will later become technical partner. Once
the refinery is completed, it will be the first in
Mozambique in over 24 years. The comple-
tion date is scheduled for 2014. HP



At Paharpur,
We love
challenges

The immense faith our customers have in us would
frighten the weak hearted, but we at Paharpur have
learnt to live with it. We have learnt to welcome
challenges... challenges like supplying cooling towers
for a Geothermal Power Plant located half way round
the world in El Salvador... exporting a state-of-the-art
air cooled heat exchanger for a project in Minnesota
USA... building sea water cooling towers for a

2000 MW power plant in India... supplying
custom-designed pultruded fibreglass cooling towers
for a District Cooling Project in Dubai. This list could
go on and on.

All this is possible only because of a completely
committed management, a dedicated team of
engineers and workers and the use of cutting edge
technology. Yes, this is the world of Paharpur,
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OpX - Energy Efficiency Initiative, European Refiner.

In the first phase, KBC conducted a review of the Mesoamérican hydrocarbon markets,
KBC holds a longterm working relationship with a client, which operates a
medium-complexity refinery along the coast ofRomonia. In an effort to improve the
performance and profitability of its operations, the refiner decided to undertake an
Energy Efficiency Improvement Initiative. The work consisted of:

Benchmarking of Refinery Energy Performance

Gap Analysis of Areas of Inefficiency

Fired Heater Assessment

Steam/Power System Modelling and Optimisation

Selective Process Unit Energy Optimisation, including:

- Selected Heat Integration (Pincﬁ) Studies

- Process Unit Simulation (using KBC Petro-SIM™) and Optimisation

e Equipmentlevel Analysis (furnaces, turbines, exchangers, fouling) DRIVING EXCELLENCE

After the analysis was complete, KBC presented recommendations to the client, and within
four months, the refiner reported that the benefits implemented and achieved amounted to . )
usD$4.3 M||||on/yeqr KBC was also able to help the client move from the 3rd quartile to For more information on how KBC can help you
the 2nd quartile of energy efficiency among over 200 other refiners surveyed by KBC
around the world.

KBC has performed successful Operational Excellence (OpX) programs for clients around AMERICAS +1 281 293 8200
th d in th f:
¢ world I The areds @ EMEA +44 (0)1932 242424

achieve Operational Excellence, contact us at

* Operational Planning e Reliability, Availability, & Maintenance

® Process Optimisation * Human Performance Improvement ASIA +65 6735 5488

* Energy e Software Solutions

* HSE salesinfo@kbcat.com « www.kbcat.com
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Wireless networks improve
refinery operation

Smart instruments and secure wireless communications
enable enhanced operations and asset management

G. MARTIN, Emerson Process Management, Austin, Texas

odern wireless technology B The low installed cost, reli ablllty, ¢ The same company installed a

provides valuable auto-

45-transmitter wireless monitoring

mation options for oil security and ease-of-use of the network in a tank farm at a tech-

refineries today—improving work-

nology center, avoiding the cost of

force productivity, safety and plant newest wireless networks are engineering and constructing a wired

security. Wireless communications

system to obtain a continuous stream

enable access to all assets in the refin- causing increased awareness of their of data on suction and discharge pres-

ery, including instruments, valves,
controllers, equipment, cameras

possibilities in refineries, bringing

sures, levels, flow and temperatures.
* At Hunt Refining, Tuscaloosa,

for safety and security, and people. 3bout some innovative app“cations AL, three wireless temperature trans-

Wireless mesh access points use open

mitters on a single hot asphalt tank

standards for compatibility and 128-  with excellent results. help identify “hot spots” that can

bit encryption for security. Wireless

lead to roof corrosion which could

field devices network themselves using a self-organizing mesh that cause a roof failure costing as much as $200,000.

automatically reroutes signals around obstructions. * At the same location, a wireless device monitors the tempera-
ture of cooling water being returned to the local river to assure

Why wireless? A wireless solution eliminates “blind spots”  compliance with environmental regulations.

in the plant—operation areas that have been either technically * Vibration readings on five critical pumps in a hazardous area

or economically unreachable with wires. While these areas are  ata Midwestern refinery are transmitted wirelessly and integrated

often not critical, they do play a major role
in overall refinery performance and safety.

Smart wireless networks also provide
convenient access to diagnostics that already
exist in hundreds of plant devices that have
no way to deliver them for operations use.
Wiireless can communicate the information
to operators through Web-based portals.
And the clipboard walk-arounds, conducted
by plant staff because there was simply no
other way to get the data back to operations,
are replaced by automated solutions.

The low installed cost, reliability, secu-
rity and ease-of-use of the newest wireless
networks are causing increased awareness
of their possibilities in refineries, bringing
about some innovative applications with
excellent results. For example:

e The 225,000 bpd BP Refinery at
Cherry Point, WA, installed the first indus-
trial wireless mesh field network in 2006,
which continues to operate reliably, elimi-
nating time-consuming operator rounds in

the field.

People/asset & Wireless plant network
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Wireless in a digital plant.
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Self-organizing field network.

with the DCS and plant historian. A serious bearing issue was
identified within 24 hours of startup, avoiding a process upset.

Wireless digital architecture. The wireless digital plant
(Fig. 1) functions like a conventional wired plant, but with one
major difference. Communications between devices are trans-
mitted as radio frequency signals. This makes the wireless digital
plant very cost-effective because complex wiring racks including
fiber-optic runs are not necessary.

And the wireless technology is scalable. Field or plant network
applications are easily added in existing facilities, or to brownfield
or greenfield projects. These solutions for process and plant man-
agement applications install easily and operate reliably, improving
productivity, safety and operational efficiency.

Open-standard solutions. Smart wireless solutions are
based on open standards— WirelessHART for the field network
and IEEE 802.11 a/b/g Wi-Fi for the plant network.

The 802.15.4-based WirelesHART standard calls for self-
organizing technology that delivers high communications reli-
ability in wireless field networks.

The Class 1 Division 2 wireless access points used in smart
wireless plant-level networks are compliant with IEEE 802.11i and
Wi-Fi Protected Access 2 (WPA2), which employs hardware-based
Advanced Encryption Standard for wireless communications.

Self-organizing networks. At the heart of the smart wireless
system is the self-organizing mesh network. Secure and infinitely
configurable, the self-organizing network ensures an adaptive,
flexible approach to wireless that defies the “canyons of metal”
that define most plants.

Unlike many approaches to in-plant wireless that require direct
line-of-sight between the instrument and the communications
gateway, the smart wireless approach ensures the greatest network
integrity by allowing devices to communicate with each other.
This means there is no single point of failure; every device serves
as a network connector. In the event a temporary obstruction
blocks a direct connection, the network automatically reroutes
the signal to an adjacent device, ensuring network reliability and
data integrity.

Self-organizing mesh networks (Fig. 2) have demonstrated
high reliability in the field. They use the IEEE 802.15.4 time-syn-
chronized mesh protocol (TSMP) with added channel hopping.
TSMP can be supported by both 900 MHz and 2.4 GHz. Five
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key components of TSMP that contribute
to end-to-end network reliability are:

* Time-synchronized communication

* Frequency hopping

* Automatic node joining and network
formation

¢ Fully-redundant mesh routing

* Secure message transfer.

TSMP networks are robust/tolerant to
almost all interference and coexist with
other wireless networks. Robust security
is designed in. Demonstrated reliability is
greater than 99%.

Self-organizing wireless field networks
can be easily installed and deliver significant
value without the need for investing in a
plantwide wireless infrastructure.

Wireless network security. At the wireless field network
level, robust security is provided through advanced, standards-
based encryption as well as authentication, verification, key man-
agement and antijamming techniques.

Smart wireless solutions employ end-to-end 128-bit encryp-
tion using the advanced encryption standard (NIST standard
FIPS-197). For authentication purposes, each gateway maintains
a “white list” of devices allowed to communicate with it, and indi-
vidual devices accept messages only from a previously identified
gateway or from other gateway-validated devices.

Separate “join” and “network” keys can be set to automati-
cally rotate or be changed on demand. Implementing the Wire-
lessHART standard adds “session” keys for communication
between two network devices so that other devices can’t “listen
in”. These can be rotated as well.

Message integrity codes (MICs) are used to verify messages,
both per-hop and end-to-end. Antijamming techniques such as
direct sequence spread spectrum (DSSS) with channel hopping plus
multipath routing help sidestep noise sources, whether malicious or
not. And gateway-to-host security leverages well-known standards
such as SSL as well as complete encryption/authentication.

At the wireless plant network level, security is fundamen-
tal to the unified wireless network. The standards-based self-
defending network solution provides confidence that the plant
and business data will remain private and secure. Threat-control
capabilities control and contain known and unknown threats,
and network admission control helps to enforce organizational

Several wireless devices are available.
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Innovative wireless applications grow at BP

BP is finding more and more ways
to use wireless field devices at its Cherry
Point refinery in Washington, through-
out the tank farm in its R&D facility in
Naperville, Illinois, and at other refineries
around the world.

At the 225,000 bpd Cherry Point refin-
ery, a 15-transmitter wireless installation
in the calciner unit monitors bearing and
calciner coke temperatures to help prevent
fan and conveyor failure. Fans can cost up
to $100,000 to repair but, more impor-
tantly, can be down for up to 10 days with
associated production losses. This wireless
network, believed to be the world’s first
industrial application of the self-organizing
wireless mesh technology in 2006, contin-
ues to operate reliably while eliminating
operator rounds in the field.

Cherry Point has since expanded the
use of wireless to 35 transmitters includ-
ing tank farm and utility applications, and
a smart wireless gateway in the diesel unit
has made it ready for wireless motes.

“The principal advantage we see around
wireless is the ability to accumulate and
analyze a much greater array of data than
would otherwise be economically possible,”
said Michael Ingraham, technical manager
for the Cherry Point refinery. “Wireless
enables us to get more data more efficiently,
more economically than we ever have

been able to in the past. We really hope
our wireless technology will be a principal
tool in maintaining plant availability while
expanding our flexibility to meet fuel specs
and ever-changing array of feedstock.”

Wireless has found a natural home at
BP’s Naperville R&D facility, a world-class
technology center including a model tank
farm feeding pilot plants that develop pro-
cessing options for BP refining worldwide.
Following the success of wireless at Cherry
Point, BP installed a 45-transmitter wire-
less network to monitor the Naperville
tank farm. Operational for more than one
year, this installation has provided strong
operational experience and a platform for
testing the technology, leading to signifi-
cant use of wireless at other BP refineries
throughout the world.

“The wireless devices allow our opera-
tors to be more efficient, collecting data
from one central point as opposed to
walking around the tank farm and record-
ing all the values,” comments a BP rep-
resentative. “The other advantage of the
wireless devices is that they supply data
continuously for recording in our histo-
rian, allowing us to see what is happening
in the tank farm at any time of the day.”

The Naperville tank farm network uses
wireless transmitters to monitor pump
suction and discharge pressures, levels,

flow and temperatures. New wireless func-
tions are installed as they become available
for refinery-wide applications. The real-
world environment in a pilot-scale opera-
tion provides hands-on experience for the
process engineers and valuable feedback
for refinery management. Options for
refinery process optimization and shar-
ing of wireless automation technology are
thereby shared globally by the Refining
Technology team.

“Wireless is an important enabler for
‘refinery of the future’ technologies,”
commented Mark Howard, commercial
technology manager for BP. “It helps us
deploy the sort of instrumentation, sen-
sors and analytical devices that we need
for condition monitoring to support pre-
dictive maintenance, tracking feedstock
through the value chain and a host of other
applications. Wireless is a very important
vehicle for getting instrumentation into
places where wired devices would be too
expensive or frankly not very practical.

“Looking ahead, we support the move
toward standards such as WirelesHART,”
Howard said. “We like being able to access
new wireless transmitters as quickly as we
can deploy them, and we're getting very
good, robust operation. We look forward
to a greater range of instrumentation
becoming available.”

security policies to allow only trusted end-point devices to access
the network.

The wireless access points used in smart wireless plant-level
networks are compliant with IEEE 802.11i and Wi-Fi protected
access 2 (WPA2) that employ hardware-based advanced encryp-
tion standard encryption for wireless communication.

Wireless field networks. A variety of wireless field devices
exist, including: pressure, flow, level, temperature, vibration, cor-
rosion, valve position monitor, multi-input temperature, discrete
switch, HART upgrade module and wireless device router. Some
of these are illustrated in Fig. 3.

Wireless instruments can be widely and remotely distributed
throughout a plant, across roads and ponds, or on mobile platforms
like railcars, barges, or trucks where traditional wired data collection
is not feasible. Only small amounts of bandwidth are used for high-
priority bursts of data from each device serving as a transmitter. The
self-organizing mesh network continuously monitors signals for signs
of degradation and repairs itself as necessary, automatically finding the
optimum communication route to the network gateway. If a tempo-
rary obstruction blocks a connection, signals are rerouted via adjacent
wireless devices, which act as transceivers. In this way, connectivity is
maintained while achieving high data transmission reliability.

1 ?
] ﬂi ]:Mobile com
Asset tracking g ik
BB People tracking %

4 Video security|
Wireless plant network.

Wireless plant network. There’s a lot more to a plant than
what goes on inside the pipes and process vessels. Just as impor-
tant as the products sold are the people who make them—and
the information they use to do their jobs. Not just in offices or
control rooms, but out in the field. Applications include video,
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voice, mobility and tracking. The wireless plant network is illus-
trated in Fig. 4.

Wireless technology makes it easier to put those people in
touch with the information they need, wherever they are.

* Workers can access desktop applications and perform tasks
wherever they are—including viewing and responding to alarms
from the field.

¢ The locations of personnel and physical assets in the plant
are tracked at all times—especially useful for safety mustering.

* Messages can be broadcast to specific groups of workers
wherever they are.

* Security systems track and ensure authorized plant access.

* Video systems not only patrol the fence line, but keep a cost-
effective eye on the process.

At the plant-network level, two types of wireless applications
offer significant benefits: workforce productivity and business and
plant management.

Workforce productivity. Wireless technology empowers
plant workers by giving them instant access to information wher-
ever they are.

Operators can perform many of their duties from the comfort
and safety of the control room—but there are still times when
they have to go out into the field to collect data, check on equip-
ment or just see firsthand how the plant is running.

Put a ruggedized wireless PC in their hands, and now they can
remotely access control and asset-
management systems to immedi-
ately relate what they see to what’s
happening in the process—and
respond as needed. That includes
viewing and acknowledging alarms
no matter where the operator is.

Communications improve, too.
While many plant workers already
use an older wireless technology—
walkie-talkies—for short-range
communications in the field, com-
bining a plantwide wireless broadband network with Voice over
Internet Protocol (VoIP) technology can extend communication
reach while also enabling “smart” communications. For example,
one can broadcast messages to specific teams based on the IP
address of each worker’s radio.

Maintenance workers can also benefit. Wireless tools such
as handheld communicators let them access maintenance work
orders, instructions and other information on the spot, and to
immediately track or report inspections, tests and repairs.

Business and plant management. Wireless applications
such as personnel and asset tracking, as well as wireless video surveil-
lance for security and safety, have changed the way offices, hospitals,
warehouses and retail stores operate. Now they can deliver business
and plant-management benefits in process operations, too.

Wireless makes it easy and cost-effective to get better insight
into what’s happening, especially for safety and security. For exam-
ple, it’s easy and cost-effective to add wireless cameras where it
would be too difficult, costly or risky to run wires.

Wireless closed-circuit television cameras and RFID-equipped
access badges also enable intelligent security monitoring and
control—from restricting access to specific areas based on levels
of security, to tracking attempts to violate security protocols, to
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B Today’s wireless technology enables
a top-down or bottom-up approach.
Process manufacturers can begin at
the plant level and work down or at
the field and work up, wherever the
highest priority needs are.

"

)

Tank level

Grow the wireless network as needed.

helping security managers identify potential vulnerabilities and
improve systems.

Wireless applications also enable one to remotely monitor
plant security breaches or onsets of hazardous situations. Wireless
monitoring of these situations gives plant security and operations
teams time to prepare and dispatch personnel that are suitably
equipped for the situation.

And wireless location technologies allow quick access and track-
ing of inventory and valuable assets—even workers—moving
inside and outside the plant. Time spent looking for assets can
be dramatically reduced, which can have significant benefits dur-
ing major turnarounds, emergen-
cies and new construction projects.
Being able to quickly locate each
worker also offers safety and pro-
ductivity benefits.

Start anywhere and grow
the wireless system. Today’s
wireless technology enables a top-
down or bottom-up approach. Pro-
cess manufacturers can begin at the
plant level and work down or at the
field and work up, wherever the highest priority needs are. While
the reasoning and justification varies widely, a field-level network
of measurement devices is often chosen as the first foray into the
wireless world. As a result of the flexibility, scalability and ease of
use, the process industries already benefit from proven experience
over several years and hundreds of wireless installations. This suc-
cess supports starting now and growing.

Fig. 5 illustrates wireless flexibility and scalability. The small
image on the left shows a tank level application, a common start-
ing point for a wireless system because of remote locations and
associated costs of implementing a wired solution. Subsequent
applications can be added as shown, all being automatically linked
via the self-organizing network. HP

Greg Martin is senior process control consultant with Emerson
Process Management. He has 30 years' experience in automation
consulting, specializing in advanced process control. Dr. Martin has
> T BS and MS degrees from Oklahoma State University, a PhD degree

- from Purdue University and is a registered professional engineer in
Texas. He has authored 60 publications and holds nine patents.
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PC UA (unified architecture) represents the OPC Foun-

dation’s most recent set of specifications for process con-

trol and automation system interconnectivity. This article
explains OPC UA from the perspective of the organization that
will benefit from the connectivitcy—the end user.

The first form of OPC relied on DCOM for its data trans-
portation, which was very powerful and versatile, but posed a
problem for those who did not understand how to configure
DCOM. Instead of DCOM, OPC UA relies on Web services for
its data transportation. OPC UA also uses objects to help with
data description. Even though these are major additions and
modifications to OPC, OPC UA will be backward compatible
with older products through the use of wrappers. All this will
ensure that OPC UA will be even better suited to penetrate the
entire plant enterprise. Of course, with all the new connectivity
that OPC UA offers, the new challenge will be system security.

OPC overview. OPC is an industrial communication standard
that enables manufacturers to use data to optimize production,
make operation decisions quickly and generate reports (Fig. 1).

OPC communication enables applications to interoperate
and simplifies system architecture.

OPC UA: an end user’s perspective

The updated specification relies on Web services for its data
transportation providing significant advantages

R. KONDOR, OPC Training Institute, Edmonton, Alberta, Canada

OPC enables plants to automate the transfer of data from a con-
trol system (PLC, DCS, analyzer, etc.) to an industrial software
application (HMI, historian, production system, management
system, etc.). OPC is typically found in Level 3 networks and
higher. Thus, OPC transfers process control data between the con-
trol (Level 2) network and the operations/manufacturing (Level
3) network. It also exchanges data between the operations/manu-
facturing network and the business (Level 4) network. In essence,
OPC is the Modbus of the new century. It is not a replacement
for low-level communication standards such as 4-20mA, HART,
Profibus, or Founparion fieldbus. Rather, organizations use OPC
in high-level communication.

Note: OPC is no longer an acronym. When OPC first released
in 1996 it was an acronym for OLE for process control, and was
restricted to the Windows operating system. OPC is now avail-
able on other operating systems and enjoys significant adoption
outside of process control. So, the original name is no longer
appropriate and OPC changed from an acronym to a word.

OPC communication started with DCOM. When
OPC was first released in 1996, with the OPC Data Access 1.0
(OPC DA 1.0) specification, it used Microsoft’s DCOM as the
data transportation mechanism (Fig. 2). Data moved between
OPC applications on different computers using DCOM. At the
time, DCOM was an outstanding choice because it provided a
working communication infrastructure complete with all the
necessary security services (authentication, authorization and
encryption). Thousands of vendors were already using DCOM
because it was a relatively versatile application programming
interface (API). DCOM was a clear winner at the time, but
while it provided a reliable communication backbone for OPC,
it did have several challenges.

First, DCOM configuration eludes automation personnel who
do not take time to learn it. DCOM is actually very predictable
and is not difficult to configure. While there are training classes
that explain DCOM configuration in detail, most people do not
take the time to learn it and so DCOM’s behavior frustrates them.
Consequently, automation personnel needlessly experience prob-
lems when connecting two computers and configuring firewalls.
Nevertheless, knowledgeable users can easily configure DCOM
in a matter of minutes.

Second, many programmers assume that network communi-
cation will occur without any data loss. This assumption leads
them to create products that are highly susceptible to data loss
and communication timeouts. As a result, end users might some-
times experience a delay in application responses and complain to
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their vendors. However, since the programmers fail to understand
DCOM’s behavior, they often incorrectly blame DCOM for poor
application behavior, which further promotes the false myth that
DCOM is unreliable. Again, informed programmers are easily
able to compensate for data loss and are able to make DCOM
work reliably, and in a way that end users would expect.

The third problem is DCOM does not work through network
address translation (NAT). Thus, DCOM does not work in the
rare cases where communication must occur between two private
networks that are separated by a public network. Such is the case
when two plants actempt communication over the Internet. NAT
is sometimes used inside industrial facilities, but this is often
unnecessary since a firewall would suffice.

The fourth problem is DCOM is proprietary to Microsoft.
This makes OPC difficult (to impossible) for vendors to port to
nonWindows operating systems. While some vendors are able to
embed Windows directly on their own controller (PLC, DCS,
analyzer, etc.) hardware, others are unable to do this. Also, com-
panies that use nonWindows operating systems (UNIX/Linux,
VMS, etc.) are having a difficult time importing OPC data into
their applications.

OPC UA uses Web services. OPC UA uses Web services
instead of DCOM for data transportation. This change most
end users will notice immediately. Two of the biggest advantages
of Web services are ease of communication
between networks and independence from

etc.) typically requires a PC anyway. Nevertheless, it would be
possible to have a PLC communicate with a software application
using OPC without requiring an intermediate computer that
uses Windows.

OPC UA uses an object-oriented data model. Classic
OPC has a fairly simple data model. Each of the OPC specifica-
tions handles a different aspect of the data. For example, the OPC
DA (data access) specification communicates real-time values, the
OPC HDA (historical data access) specification communicates
archived values, the OPC A&E (alarms and events) specification
communicates various process and system events (such as a tem-
perature that exceeds a prespecified limit), and so on. In addition,
classic OPC implements each specification separately; essentially
in a different executable. Thus, it is time-consuming to match
item names with real-time data and historical data. Even worse,
automated applications may not be able to do it at all.

OPC UA provides a unified data model. Thus, when an appli-
cation uses OPC UA to send a temperature reading, the receiver
is able to retrieve the real-time value, any associated historical
values, and even alarms and events. All these data are available
from pointing at a single OPC item. The OPC server is able to
associate all the data together so that the OPC client does not
need to redo the association work. For example, in DCOM-
based OPC, end users who are interested in a pressure reading

would have had to point to the OPC DA

server to look at the real-time value. Then

specific operating systems. The challenge

they would have to point to an OPC HDA

for the plant will be implementing security
to keep the data safe.

Perhaps the biggest technical advantage
of Web services is that they enable OPC
to communicate over a single port using
a protocol that most firewalls will allow
to pass by default. This should make it

server to trend the pressure over the past
shift. If they wanted to take a look at asso-
ciated events, they would have to point to
the OPC A&E server. But with OPC UA,
the end user can simply point to a pressure
reading, view its real-time value, look at the
past shift’s trend (historical data) and view

easier for integrators to set up a system for
communication between networks. Many
firewalls are already configured to let Web
traffic pass across port 80. This will make
it easier for I'T to open the ports necessary

all the associated events by connecting to a
single OPC UA server.

OPC UA also provides the ability to cre-
ate more complex objects. For example, one
could create a pump that is composed of

to implement OPC communication. Previ-
ously, DCOM required multiple ports to
establish communication. While this was
possible to configure, a significant portion
of automation personnel did not take the

various temperature, level, pressure, flow
and vibration readings. Included would
be the history of all values as well as a pic-
ture of the pump. One could even associ-
ate P&ID schematic diagrams and main-

time to learn how to do it. Nevertheless, OP< Server tenance orders. This presents a powerful
opening port 80 opens communication for Proprietary mechanism for integrators from various
a plethora of applications (not just those protocol companies to share data without having

that are needed for operations), so emphasis

to recreate it in their different proprietary

on security will be required immediately.
In addition, Web services are not bound
to any specific operating system. Thus, ven-
dors will have an easier time implementing
OPC servers on their automation hard-
ware and nonWindows operating systems.
Vendors are already working on PLCs that
include an embedded native OPC server
that does not require an external computer.
However, this implementation might not
be as simple as it seems because an auto-
mation application (HMI, historian, APC,
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OPC initially relied on DCOM for

data transportation.

software applications.

Improving existing specifications.
As OPC evolved over the years, the OPC
Foundation provided constant updates and
improvements to the specifications. OPC
UA continues this tradition. After con-
sulting end users, integrators and vendors,
the OPC Foundation decided on various
additions to the specifications to handle
the most common challenges. OPC UA
includes mechanisms to quickly inform



users of broken communication, identify lost data and even
provide for redundancy.

OPC UA uses a poll-report-by-exception mechanism. Thus,
the OPC client polls the OPC server for changes. The server
then responds with any data changes. A failure to respond would
immediately tell the OPC client that the communication is no
longer active. In addition, updates can come as quickly as the
polling itself. However, unlike common protocols that must
poll each point individually and consume precious bandwidth,
OPC UA enables the OPC server to respond with any data that
changed. Thus, a single efficient poll can bring back a large
amount of data that include all the changes in the process as
well as the health of the OPC server itself. By contrast, before
OPC UA, DCOM communication sent all changes to the OPC
client by exception. Thus, an OPC client did not have to poll
the OPC server periodically. While this was efficient, many
programmers overlooked the possibility that no updates would
be received when communication breaks. As a result, the OPC
client would wait for updates that would never arrive. Various
companies overcame these difficulties, but some did not and
blamed DCOM instead.

OPC UA also enables an easier implementation of redun-
dancy. OPC UA servers can update a set of clients. By contrast,
DCOM-based OPC servers could only update OPC clients that
explicitly subscribed to the data. As well, since the OPC client
can easily tell when communication with an OPC server fails
(as above), the OPC client can now quickly failover to a standby
OPC server. In DCOM-based implementations, most vendors
relied on third-party OPC redundancy applications that cost
them additional funds.

Backward compatibility and tunneling. The OPC
Foundation has promised to supply the industry with two simple
software applications that will enable people to quickly convert
their DCOM-based OPC products to OPC UA. These software

applications are called “wrappers” (Fig. 3). Wrappers will ensure
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OPC UA wrappers will enable legacy DCOM-based OPC
products to communicate with new OPC UA products.
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that any new OPC UA product will communicate with an existing
DCOM-based OPC product. As a result, there is no need to con-
template whether or not one should wait for OPC UA products.
It is easy to implement DCOM-based OPC products today and
be assured that future OPC UA products will communicate with
the old software.

Two wrappers will be available: one for OPC clients and the
other for OPC servers. The first wrapper will convert a DCOM-
based OPC server to an OPC UA server. Thus, an OPC UA
client will be able to connect to the existing DCOM-based OPC
server without any changes. The second wrapper will convert a
DCOM-based OPC client to an OPC UA client. So an existing
DCOM-based OPC client application (such as an HMI) will
be able to communicate with an OPC UA server that could be
purchased a year from now. Using wrappers, OPC is sure to ease
the transition from the old to the new technology.

Werappers will tunnel OPC to places where DCOM-based
OPC can’t penetrate on its own. For example, when an OPC
client and server are separated by NAT, DCOM will not be able
to make the connection. However, by converting the DCOM-
based call to OPC UA at the source, and converting it back from
OPC UA to DCOM at the destination, the call will transport the
required data. Tunneling will likely be the first form of OPC UA

implementation as OPC UA products begin to emerge.

Shop floor to top floor: OPC to the enterprise. OPC
UA introduces an object model to industrial data, and Web services
will enable the OPC applications to transport the data across fire-

walls, networks and the Internet (Fig. 4). A variety of applications
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Business network

OPC UA will enable data to move from the shop floor to
the top floor.

will be able to supply the enterprise with data. An HMI will be able
to pass equipment events to the maintenance system. The historian
will be able to pass calculations to various engineering systems. As
well, inventory management systems will be easily able to obtain
production figures directly from automation equipment.

Plant-floor data will finally find its way to the business local
area network (LAN) and enable a variety of applications to benefit
from the newly available data. For instance, computer mainte-
nance management systems (CMMSs) or enterprise asset manage-
ment systems (EAMSs) will be able to obtain equipment condi-
tion data so they can implement a conditions-based maintenance
(CBM) program. Enterprise resource planning (ERP) applications
will be able to obtain inventory information, or even send produc-
tion orders without any manual intervention.

Security: the new challenge for automation. OPC
UA makes it relatively easy for a multitude of applications to con-
nect with each other. So the new challenge for automation person-
nel will be to secure their systems from unwanted connections.
Web services will make it easy to cross firewalls and networks. So,
unwanted connections from people and applications will become
far more common. However, unlike I'T systems, automation sys-
tems are responsible for production and safety. Therefore, security
will quickly rise to the forefront. Automation personnel will have
to learn how to secure their systems in a way that still enables
them to provide access to those who need it.

It remains to be seen how vendors will enable their applica-
tions with the three pillars of secure connectivity: authentication,
authorization and encryption. Various products that are already
in the planning stages still do not include the necessary facilities
for proper security. These applications use “security by obscurity,”
which essentially relies on a hacker’s inability to understand how a
system works to make it behave inappropriately. Both process and
attitudes toward security will have to change. HP

Randy Kondor is a computer engineer and president of the
OPC Training Institute, the world'’s largest OPC training company.
Since 1996, he has been vastly involved within the OPC industry
and a strong supporter of the OPC Foundation. Mr. Kondor contin-

‘ ™ ues to dedicate himself to spreading the OPC Foundation’s message
about system interoperability and intervendor cooperation.
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ith increased competition and rising feedstock cost,

pressures are increasing for refinery managers to extract

maximum value out of processes. In operations, the
online quality monitoring is an important part of process control.
Typically, analyzers are provided for this application. However, as
parameters increase in complexity from density, moisture content,
octane number, sulfur content, etc., the cost and maintenance
efforts on analyzers increase exponentially. Moreover, the inherent
rigidity in hardwired analyzers makes their
extended usage difficult, if not impossible,
so soft sensors play a vital role.

Soft sensors have the advantages of easy
maintainability, low cost and extensibility
to other applications. It’s not difficult to
design a soft sensor for new parameters
and one can be virtually built for every
parameter in question. Basic requirements
for a soft sensor are the knowledge of fun-
damental relationships of process variables
and the parameter in question. In short, it
is a sophisticated correlation model.

In petroleum refining, correlations and
empirical relations have played an important historical role in
plant design and operations. The advent of inexpensive comput-
ing power made direct computation models like finite element
analysis (FEA) and computational fluid dynamics (CFD) feasible
and practical. The skill set requirement for such applications
allows for highly trained experts to test. In refineries and produc-
tion departments, the required skills are different; hence, a CFD
or FEA may not be feasible in day-to-day applications. Empirical
relations find the best acceptance in quick calculations and the
not-so-accurate control algorithms. API data books list many
empirical relations between properties of hydrocarbon liquids
such as relations between density and boiling point, molecular
weight, flash point and initial boiling point relations. These rela-
tions place less importance on the underlying theoretical models
than the accuracy of the results. It is more like a “black box”
approach.

Soft sensor construction can be split into various steps as fol-
lows:

* Variable identification

* Data collection

* Programming

e Sensor testing

B Basic requirements for a
soft sensor are the knowledge
of fundamental relationships
of process variables and the
parameter in question. In
short, it is a sophisticated
correlation model.

Soft sensor modeling using
artificial neural networks

Here are guidelines for proper construction

* Implementation in real time

e Periodic data validation and tuning,.

To elucidate the concepts, a real example of a CCR-platform-
ing process unit and the product’s research octane number (RON)
as required product quality to be monitored was taken.

CCR process brief. The process produces feed for an aromatics
complex or a high-octane gasoline blending product and a signifi-
cant hydrogen as a byproduct. In the unit,
hydrotreated naphtha feed is combined with
recycle hydrogen gas and heat exchanged
against reactor effluent. The combined
feed is raised to reaction temperature in the
charge heater and sent to the reactor section.
Radial-flow reactors are arranged in a vertical
stack. The predominant reactions are endo-
thermic, so an inter-heater is used between
each reactor to reheat the charge to reac-
tion temperature. The effluent from the last
reactor is heat exchanged against combined
feed, cooled and split into vapor and liquid
products in a separator. The vapor phase is
rich in hydrogen gas. A gas portion is compressed and recycled back
to the reactors. The net hydrogen-rich gas is compressed and purified
in a PSA system. Catalyst flows vertically, by gravity down the reactor
stack. Over time, coke builds up on the catalyst at reaction condi-
tions. Partially deactivated catalyst is continually withdrawn from the
reactor stack bottom and transferred to the CCR regenerator.

Variable identification. A reformate product is an impor-
tant component in gasoline blending as well as feed stock for the
downstream mixed xylene unit. The key parameter for this prod-
uct is its RON. Online analyzers are usually provided in the unit.
However, most often these analyzers have maintenance problems
and require frequent offline calibrations that require laboratory
analysis data.

The process technology manual of the licensor suggests that
the product RON is a function of the following variables:

* Feed rate (analogously the liquid hourly space velocity
(LHSV) or residence time)

¢ Feed quality—described by naphthenic and aromatic content

* Reactor severity

* Hydrogen partial pressure

* Catalyst activity
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However, all of the above cannot and are not directly measured
by instrumentation; hence, a soft sensor, though accurate and
constructed with those variables, is impractical to use. Therefore,
process “proxies” are suggested that are monitored online and
easy to configure.

The following variables are substituted:

* Feed quality by reactor total temperature difference which is
the weighted sum of each individual reactor delta and reformate
product flow

* Hydrogen partial pressure by a total reactor pressure, recycle
gas flow, net gas flow

* Catalyst activity can be substituted with a catalyst circula-
tion rate with the coke deposition on a catalyst which in turn
was substituted by total air demand and regenerator peak burn
temperature. In this particular example, the actual data of catalyst
circulation and regenerator variables did not vary; hence, their
effect was constant toward RON and was not considered.

Data collection. In the operating unit studied, the daily
reformate sample goes to the laboratory at 7 am. Ideally, the
RON result is the net effect of that particular instant which
is enveloped in the previous three hours of operation due to
various hold-ups and residence time in the system. Due to the
difficulty in collecting precisely enveloped data from the plant
historical database, it was later approximated with the daily
average values.

Statistically, a correlation is useful if it is taken with strictly
independent variables. To ensure that, from the collected data,
paired covariance analysis was conducted and the group was
confirmed to be reasonably independent. Since it was possible to
have a certain degree of parametric relations between the variables,
a judgmental decision was taken.

The following values were collected and examined for any
abnormality such as the instrument showing too high or too
low values, missing data, etc., and then corrections were made
wherever necessary.

Independent variables (input variables):

¢ Unit feed rate

* Reactor severity

* Reactor total delta temperature

* Reformate rate

* Reactor pressure

* Recycle gas flow, and

* Net gas flow

Dependent variable (output variable):

* Reformate RON as reported by the lab.

Feed-forward artificial neural networks. A neural
network is an information processing structure consisting of
processing elements (neurons), interconnected with directional
signal channels called connections. Each processing element has
a single output connection that branches into as many collateral
connections as desired. Each carries the same signal—the pro-
cessing element output signal, which can be any mathematical
type desired. Neural networks develop information processing
capabilities by learning from examples. Learning techniques can
be roughly divided into two categories: supervised and unsuper-
vised learning.

Supervised learning requires an example set where the desired
network response is known. The learning process consists in
adapting the network in a way that it will produce the correct
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Input layer

Output layer

Standard FFnet.

response for the example set. The resulting network should then
be able to generalize (give a good response) when presented with
cases not found in the set of examples. Unsupervised learning is an
automated process, but details of the process are omitted here.

A popular neural net structure is the feed-forward neural net-
work (FFnet). They are known by another name, multi-layer
perceptrons. In a feed-forward neural network, the neurons are
usually arranged in layers. A typical layer structure is:

Input — Layer 1 — Layer 2 — Output

Layers 1 and 2 are the inner layers and are labeled as hidden.
The connections are always forward, e.g., from Layer 1, every neu-
ron connection is to Layer 2 or to an output layer only. An FFnet
has neurons arranged in a distinct layered topology. The input layer
is not really neural at all—these units simply serve to introduce
the input variable values. The hidden and output layer neurons
are each connected to all units in the preceding layer. Although it
is possible to define networks that are partially connected to only
some units in the preceding layer, for most applications, fully con-
nected networks are used. In a standard FFnet, the connections are
strictly to the next layer and all nodes are connected to the next
layer nodes. A typical standard FFnet is illustrated in Fig. 1.

Each arrow in the figure symbolizes a parameter in the net-
work. The network is divided into layers. The input layer consists
of network inputs and then follows a hidden layer, which consists
of any number of neurons, or hidden units placed in parallel. Each
neuron performs a weighted summation of the inputs, and then
passes a nonlinear activation function, F. The network output is
formed by another weighted summation of the outputs of the
neurons in the hidden layer.

The network calculations are progressively applied with input
layers simply taking the values of input vectors. Each hidden and
output layer is calculated by the activation value by taking the
weighted sum of the outputs of the units in the preceding layer,
and subtracting the threshold value. The activation value is passed
through the activation function to produce the neuron output.
When the entire network has been calculated, the outputs of the
output layer act as the output of the entire network.

A widely used activation function is the sigmoid function
given by:

Flo)= —— o
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The net input to a processing unit, 4, is given by:
net, = waxi +6; (2)

where x;s are the outputs from the previous layer, w, is the weight
(connection strength) of the link connecting unit 7 to unit j, and 6
is the bias of unit 4, which determines the location of the sigmoid
function on the x-axis.

The activation value (output) of unit  is given by:

a, :F(net/]):; 3)

1—"_ E*n?th
The objective of different supervised learning algorithms is the
iterative optimization of a so-called error function representing a
measure network performance. This error function is defined as
the mean square sum of differences between the output unit values
of the network and the desired target values, calculated for the
whole pattern set. The error for a pattern p is given by:

NO
E,= Zl(dpj _”pj)z )
=

where dpj and a,; are the target and the actual response value of
output neuron j corresponding to the pattern p. This factor is
improved successively by the learning algorithms and the model
is set when the total error is minimum.

The total error is:
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where p is the number of the training patterns.

The actual computation process in the FFnet is quite involved
and not practical to do manually. The software packages specifi-
cally designed for this application are available in both commercial
and free open source domains.

Typically, these applications require the user to specify the
network topology, input vector and target vector. The inner work-
ings are conveniently shielded from user interface. Of course, the
open-source version does permit such changes in the program,
but, in a normal course such modifications are not needed.

In the above case, the entire program is scripted in Python, an
open source and a highly powerful programming language. The
FFnet code was provided by a library module called ffnet. The
details of the FFnet structure are:

* Network has feed-forward architecture

* Input units have identity activation function and all other
units have sigmoid activation function

¢ Provided data are automatically normalized, both input
and output, with a linear mapping to the range (0.15, 0.85).
Each input and output is treated separately (i.e., the linear map is
unique for each input and output).

* Function minimized during training is a sum of squared
errors of each output for each training pattern.

The module has an added feature that the trained neural net
can be exported as a FORTRAN routine that can be compiled to

use in other systems.

Model implementation. As mentioned in the data collec-
tion section, the input vector has a dimension of 7 X 1 and the
output vector is 1 X 1.

The FFnet selected has seven input nodes and one output
node. Two hidden layers, each having seven nodes, was chosen.
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Input layer

Hidden layers

Output layer

CCR unit RON model as FFnet {7,[7,7],1}.

This choice was albeit arbitrary, and has medium complexity. In
theory, it is a trade-off between accuracy and computation. The
selected FFnet is described as FFnet {7, [7, 7], 1}. The square
bracket denotes the hidden layers. The network is illustrated in
Fig. 2. The program was written in python and the data, which
were daily average input and output value vectors for 249 days.
The program does a statistical testing to find the neural net regres-
sion fit. The data set consists of daily averages with seven param-
eters and the target RON values for training.

Python code for fitting and training the data for
FFnet:3

# importing the required modules

import win32com.client

from ffnet import mlgraph,ffnet, savenet, exportnet
import pylab as p

# use psyco to speed up

import psyco

psyco.full()

# data is read from the file “ccr1 data new.xls”
xIApp=win32com.client.gencache. EnsureDispatch(“Excel.
Application”)
xIWb=xIApp.Workbooks.Open(“C:\Users\Admin\Documents\
ccrl data new.xls”)

xISht=xIWb. Worksheets(1)

row_range=range(4,253)

dtemp=(]

wait=(]

feed=[]

reformate=(]

pressure=|]
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netgas=(]

rggas=|]

RON=[]

points=len(row_range)

for i in row_range:
dtemp.append(float(xISht.Cells(i,3). Value))
wait.append(float(xISht.Cells(i,4). Value))
feed.append(float(xISht.Cells(i,5). Value))
reformate.append(float((xISht.Cells(i,6). Value)))
pressure.append (float((xIShe.Cells(i,7). Value)))
netgas.append(float((xISht.Cells(i,11). Value)))
rggas.append (float((xISht.Cells(i, 15). Value)))
RON.append(float((xISht.Cells(i, 18) . Value)))

# input data set includes feed, wait, dtemp, pressure, reformate,

rggas, netgas

data_set=[]

for n in range(points):
data_set.append([feed[n],wait[n],dtemp[n],pressure[n],

reformate[n],\ rggas[n],netgas[n]])

xlApp.ActiveWorkbook.Close(SaveChanges=0)

xlApp.Quit()

# defining finet parameters

input = data_set

target= RON

# making a network

conec=mlgraph((7,7,7,1))

net=ffnet(conec)

# using resilient propagation algorithm

Average percent error in RON fit using ANN

1.0
0 | I |
=
ui 0.0
o
<
-0.5 r
-1.0
0 50 100 150 200 250

Result of model fit showing APE.

net.train_rprop(input, target, a=1.2, b=0.5,\
mimin=9.9999999999999995¢-07, mimax=50.0, xmi=0.10,
maxiter=10000,\ disp=1)

print “TRAINING NETWORK...”

net.train_tnc(input, target, maxfun = 5000, messages=1)

# Test network

print

print “TESTING NETWORK...”

output, regression = net.test(input, target, iprint = 2,\
filename="ccr_yearly_test.txt”)
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Model’s average percent error

No. RON Lab data RON prediction APE

1 100.9 99.0 -1.9%
2 100.4 100.3 -0.1%
3 100.7 99.0 -1.7%
4 100.1 99.8 -0.3%
5 100.8 97.1 -3.6%
6 101.3 99.2 -2.0%
7 101.3 99.3 -1.9%
8 100.7 99.5 -1.2%
9 100.4 98.6 -1.8%
10 100.4 100.5 0.1%
" 100.5 100.6 0.1%

# Exporting network
savenet(net, “ccr_yearly”)
# exporting the net as a FORTRAN module to use later
exportnet(net, “ccr_yearly.f”)
# Plotting the data
RON_fit=[]
for n in range(points):
RON_fit.append(net(input[n]))
# Average Percent Error APE
APE=[]
for n in range(points):
APE.append((RON[n]-RON_fit[n][0])*100/RON[n])
p-plot(range(points),APE,’b’)
p-title(“Average Percent Error in RON fit using ANN?)
p-ylabel(“APE %7)
p-grid(True)
p-show()

The regression result is given below:
Feed-forward neural network:
Inputs: 7
Hidden: 14
Outputs: 1
Connections and biases: 120
Testing results for 249 testing cases:
OUTPUT 1 (node nr 22):

Regression line parameters:

Slope = 0.910627
Intercept = 9.021174
Correlation = 0.953035
Tail probability = 0.000000

Standard error = 0.259538

The error pattern after training is illustrated in Fig. 3 for the
249 data points.

After fitting and training the FFnet model, it was tested with
a different set of data and the accuracy is tabulated and listed in
Table 1.

The FORTRAN module exported from the Python program can
be compiled with the standard FORTRAN compilers with the stan-
dard link file from the FFfnet module (given with the installation of
the module), and can be used for any APC implementation.

The above example shows the ease and availability of standard
software tools to model software sensors with reasonable accuracy
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for use in plant operations. The sensors will also help fine-tune the
existing APC systems. HP
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il refineries are large hydrogen gas producers and con-

sumers. Hydrogen plays a pivotal role in many refining

operations, from hydrocracking—heavy gas reduction
and gasoils to lower molecular weight components—to gas stream
treatment, to catalytic reforming. In catalytic reforming, the gas
is also used to prevent carbon from reacting with the catalyst to
maintain the production of lighter hydrocarbons while extending
the catalyst’s life. Not surprisingly, refineries use large volumes
of hydrogen that is either produced onsite or purchased from
hydrogen production facilities.

Demand for hydrogen is growing. Changes in gasoline and
diesel fuel specifications, prompted by environmental legisla-
tion, have led to increased hydrogen use to improve gasoline
grade. However, higher crude oil prices have enhanced the com-
mercial prospects of heavier crudes, requiring new investments
in conversion processes and more extensive hydrotreating and
hydrocracking applications.

The scale and growth of hydrogen demand raises the fundamen-
tal question about using the gas safely. Due to its chemical proper-
ties, hydrogen poses unique challenges in the plant environment.
Hydrogen gas is colorless, odorless and undetectable by human
senses. Also, hydrogen is not detected by infrared (IR) gas-sensing
technology. Since it is lighter than air, it is difficult to detect where
accumulations should not occur. Coupled with the challenge of gas
detection are the safety risks posed by the gas itself.

A practical approach is offered for the deployment of fire and
gas detectors that maximize detection efficiency. The approach is
that any one detection technique cannot respond to all hazardous
events. Consequently, the risk of detection failure is reduced by
deploying devices that have different strengths and limitations.

Improved safety through diversity. There are several
hazards associated with hydrogen that include: respiratory ail-
ment, component failure, ignition and burning. Although hazard
combinations occur in most instances, the primary hazard with
hydrogen is a flammable mixture production that can lead to a fire
or an explosion. Hydrogen is easily ignited since the minimum
ignition energy at atmospheric pressure is about 0.2 m].

In addition to these hazards, hydrogen can produce mechani-
cal failures of containment vessels, piping and other components
due to hydrogen embrittlement. Metals and plastics can lose
ductility and strength due to long-term exposure to the gas. This
leads to crack formation and eventually causes ruptures. A form
of hydrogen embrittlement takes place by a chemical reaction.
At high temperatures, hydrogen reacts with one or more metal-
wall components to form hydrides that will weaken the material
lattice structure.

Hydrogen gas detection

Combining detection systems improves safety

In oil refineries, the first step in fire escalation and detonation is
loss of containing the gas. Hydrogen leaks are typically caused by
defective seals, valve misalignment, or flange or other equipment fail-
ure. Once released, hydrogen diffuses rapidly. If the leak takes place
outside, the cloud dispersion is affected by wind speed and direc-
tion, and can be influenced by atmospheric turbulence and nearby
structures. If the gas is dispersed in a plume, a detonation can occur
if the hydrogen and air mixture are within its explosion range and
an appropriate ignition source is available. Such flammable mixtures
can form at a considerable distance from the leak source.

To address the hazards posed by hydrogen, fire and gas detec-
tion system manufacturers work within the construct of protec-
tion layers to reduce hazard propagation incidences. Under such
amodel, each layer acts as a safeguard, preventing the hazard from
becoming more severe. Fig. 1 illustrates a hazard propagation
sequence for hydrogen gas leaks.

Detection layers encompass different sensing techniques that
either improve scenario coverage or increase the likelihood that a
specific type of hazard is identified. Such fire and gas detection layers
can consist of catalytic sensors, ultrasonic gas leak monitors or fire
detectors, which are illustrated in Fig. 2. Ultrasonic gas leak detectors
can respond to high-pressure releases of hydrogen, such as those that
may occur in hydrocracking reactors or hydrogen separators. Con-
tinuous hydrogen monitors, like catalytic detectors, can contribute
to detecting small leaks. Leaks may happen when a flange slowly
deforms by use or failure of a vessel maintained at or near atmo-
spheric pressure. To further protect a plant against fires, hydrogen-
specific flame detectors can supervise entire process areas. Such wide
coverage is necessary since a fire may ignite at a considerable distance
from the leak source due to hydrogen cloud movement.

When a containment system fails, hydrogen gas escapes at a
rate that is proportional to the orifice size and the system’s internal
pressure. Such leaks can be detected by ultrasonic monitors that
sense airborne ultrasound produced by turbulent flow above a
pre-defined sound pressure level. Using ultrasound as a proxy for
gas concentration is a major technique advantage. Ultrasonic gas
leak detectors do not require gas transport to the sensor element
to detect gas. They are unaffected by leak orientation, gas plume
concentration gradient and wind direction. Such features make

Equipment Gas
rupture dispersal

Hazard sequence for hydrogen dispersal. Layers of
protection separate each hazard state.
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Fire/explosion protection

Fire detection
Ventilation

Gas detection

Leak detection

Containment

Protective barrier schematic for a hydrogen accident
sequence.

ultrasonic gas leak detectors an ideal choice for the supervision of
pressurized pipes and vessels in open, well-ventilated areas.

Another instrument advantage is the wide coverage area per
device. Depending on the ultrasound background level, a single
detector can respond to a small hydrogen leak at about 8 m from the
source. As illustrated in Fig, 3, even small leaks can generate sufficient
ultrasonic noise to afford detection in most industrial environments,
where background noise levels can range from roughly 60 dB to 90
dB. Since the instrument responds to the gas release rather than the
gas itself, the alarm quickly activates, often within milliseconds.

A second measure of protection is direct gas detection by
means of catalytic-combustible gas detectors. They have a long
history and have been used for hydrogen applications for more
than 50 years. The sensing devices have a pair of platinum-wire
coils embedded in a ceramic bead. The active bead is coated with
a catalyst, while the reference bead is encased in glass and is inert.
On exposure to hydrogen, the gas begins to burn at the heated
catalyst surface per the reaction:

2H, + 20, - 2H,0 + O,

The hydrogen oxidation releases heat
causing the wire’s electrical resistance to 6
change. The resistance is linear across a wide Hydrocarbon
temperature range (~500°C — 1,000°C) and mixture
proportional to concentration. For hydro-
gen-specific catalytic detection, the reac-
tion temperature and catalyst are tailored
to prevent the combustion of hydrocarbons
in the substrate. The scheme’s simplicity
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Sound pressure level as a function of distance for
hydrogen leaks. Leak size = 1 mm diameter orifice,

differential pressure = 5,515 kPa (800 psi), leak rate =
(ERGTES

but are generally tailored for maximum selectivity and response
speed. As pointed out earlier, hydrogen cannot be detected by IR
absorption, making catalytic monitors one of the most reliable
technologies for hydrogen gas detection.

Along with catalytic and ultrasonic gas leak detectors, hydrogen-
specific flame detectors add another barrier against the propagation
of hydrogen hazards. The instruments simultaneously monitor IR
and ultraviolet (UV) radiation at different wavelengths. Radiation
is emitted in the IR by water molecules created by hydrogen com-
bustion. The emission from heated water or steam is monitored in
the wavelength span from 2.7 pm to 3.2 wm. An algorithm that
processes the modulation of IR radiation allows the detectors to
avoid false signals caused by hot objects and solar reflection. The
UV detector is typically a photo discharge tube that detects deep
UV radiation in the 180 nm to 260 nm wavelength range. Due to
atmospheric absorption, solar radiation at these wavelengths does
not reach the earth’s surface; thus, the UV detector is essentially
immune to solar radiation. The combination of IR and UV detec-
tion improves false alarm immunity, while producing detectors that
can sense even small hydrogen fires at a 15-m range.

Ultrasonic gas leak detection, catalytic gas detection, and
hydrogen flame detection have different strengths and vulner-
abilities. They respond to different hazard manifestations—the

Hydrogen

makes catalytic detectors suitable for many

applications. Where gas accumulations may @ Gas detector

% Ultrasonic gas leak detector

occur, catalytic sensors establish hydrogen
presence with fair accuracy and repeatabil-

also have fast response times (5s—10s) and

Hydrogen and  Reformate
ity. Hydrogen-specific catalytic detectors 6 Flame detector Jdiceeed

mixture

offer good selectivity. These parameters vary Dual-stage reforming unit schematic that shows possible gas and flame detector

locations.

widely among the various manufacturers,
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gas, gas source or fire. Further, each technology operates in a dif-
ferent area of regard, with catalytic detectors as point instruments,
and ultrasonic leak detectors and hydrogen flame detectors as area
monitors. Due to their unique properties, combining detectors
increases the odds that hydrogen gas dispersal or fire is identified
early, either before ignition or when an explosion occurs.

An illustration using these technologies can be found in catalytic
reforming.! In this process, a stream of heavy gasoils is subjected to
high temperature (480°C-524°C) and pressure (1,379 kPa—3,447
kPa; 200 psi—500 psi) and passed through a fixed-bed catalyst.
Upon reaction, the oils are converted to aromatics that yield much
higher octane ratings for gasoline. Due to operating conditions and
the continuous production of hydrogen, a rupture in the reactors,
separator or unit pipe system can have grave consequences. A detec-
tor allocation across a reforming unit is shown in Fig. 4.

The scheme shown in Fig. 4 does not preclude the use of other
detection systems. Nor does it eliminate the need for operating
procedures, instrumentation and control systems, and adequate
training—all necessary for safety. Condition monitoring instru-
ments, like X-ray pipe-testing equipment, play a pivotal role in
spotting defects before the pipe network integrity is lost. Likewise,
thermal conductivity sensors can ensure detection coverage under
oxygen-deficient environments and thus complement catalytic sen-
sors when used above the lower explosive limit. Experience suggests
the choice of detection instruments must be carefully weighed to
match the types of hazards associated with chemical processes at
the refinery, and that each offset the other’s vulnerabilities.

Hydrogen production will continue to grow, fueled by environ-
mental legislation and demand for cleaner, higher fuel grades. But
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rising production must be matched by a comprehensive approach
to plant safety. New facilities that use hydrogen should be designed
with adequate safeguards from potential hazards; the design of old
facilities should also be revisited to ensure that sufficient barriers are
available to minimize accidents and control failure. Safety systems
that deploy a diversity of detection technologies can counteract
possible leak effects, fire and explosions, thus preventing equip-
ment or property damage, personal injury and loss of life.

A combination of catalytic and ultrasonic gas leak monitors
and fire detectors is particularly effective because they are com-
plementary. The vulnerabilities of one are offset by the other’s
strengths, so there is less chance of propagating undetected haz-
ards. Such diverse safety systems, combined with a design that
prevents leakage and eliminates possible ignition sources, offer a
sound approach for managing hydrogen processes. HP
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iquefied petroleum gas (LPG) is often contaminated with

acidic compounds such as hydrogen sulfide (H,S), carbon

dioxide (CO,), carbonyl sulfide (COS), carbon disulfide
(CS,), and methyl and ethyl mercaptans (thiols). Mercaptans in
lighter feeds, such as Cjs, Cys, LPG and naphtha, are extracted
with caustic solution processes, which are also referred to as
“sweetening” processes.

Sweetening processes are widely applied to remove acid com-
pounds before transporting LPG for sale purposes. Tighter envi-
ronmental rules now require reducing the sulfur content of LPG
to 30 ppm. In this case study, an investigation is conducted to find
a cost-effective method to treat 1.2 wt% (12,000 ppm) sulfur-
content LPG streams to less than 30 ppm.

Background. LPG sweetening is a widely applied process using
caustic to remove acid compounds from hydrocarbon streams. LPG
desulfurization units of Iran’s SPGC Phases 4 and 5 were designed
and constructed to produce sweetened propane and butane with a
sulfur (S) content of less than 80 ppm via caustic extraction. Due
to stricter environmental regulations, these units could not meet
new 30-ppm S content levels without modification. Although LPG
demercaptanization by caustic is widely applied in refineries, the
basic information necessary to optimize LPG units was missing. This
study was initiated to identify important performance factors for the
two existing sweetening/desulfurization units. Thus, optimization
requirements and consequent benefits were considered.

Sulfur impurities of sour propane and butane
for design case, SPGC Phases 4 and 53

Fine-tuning demercaptanization
process: A case study

Optimizing caustic concentrations and reactor temperatures improved
acidic compound removal without installing new equipment

Z. MALLAKI, Sharif University of Technology and Petro Pars Ltd., Tehran, Iran; and
F. FARHADI, Sharif University of Technology, Tehran, Iran

Methods and materials. The propane and butane treatment
and drying units of SPGC Phases 4 and 5 are designed to process
sour propane and butane in two parallel identical trains; each train
processes 50% of the total feed. Design capacity for each train is
26,350 kg/hr and 41,100 kg/hr of sour butane and sour propane
cuts, respectively. The unit is designed to handle 40% to 100%
of its normal capacity.'=

S content and specifications for main equipment.
Propane feed contains methyl mercaptan and COS with small
amounts of ethyl mercaptan and only traces of H,S (less than
1 ppm). The butane feed contains ethyl mercaptan, with small
amounts of methyl mercaptan and only traces of H,S and COS
(less than 1 ppm). Table 1 summarizes the design values for S
content of the feed. Table 2 lists the current mercaptans content
as measured in January 2007. There is a significant decrease in the
feed mercaptan amount as compared to the design specifications.
According to Table 2 and other plant data collected between
2006 and 2007, the total maximum amounts of mercaptans in
butane and propane feed are approximately 2,300 ppmw and
300 ppmw respectively. Specifications of the sweetening unit are

listed in Table 3.

Mercaptan extraction. When hydrocarbon and caustic
phase are intimately contacted, the mercaptans are absorbed into

Current amount of mercaptans in sour
propane and butane, SPGC Phases 4 and 5

Total mercaptans
in sour butane

Total mercaptans
in sour propane

Feed Sour propane Sour butane Date Train 1 Train 2 Train 1 Train 2
H,S, ppmw normal Trace Trace (<1 ppm) 1/1/2007 223.5 183.5 1,397
design Trace Trace 2/1/2007 2,306
COS, ppmw normal 167 Trace (<1 ppm) 3/1/2007 295.8 201.5 1,820
design 118 Trace 41112007 1824
Sulfur C3SH, ppmw normal 645 1,258
5/1/2007 220.6 163.5
impurities design 957 840 1172007 o
C,HsSH, ppmw normal 59 11,300 !
design 31 8,000 71112007 1,812
G+ normal Trace Trace 8/1/2007 266.7 205.6
mercaptans, ppmw  design Trace Trace 10/1/2007 2,090
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Simplified process flow diagram of the extraction
section.!!

Specifications of the main equipment

Equipments Operating Operating
temperature, °C  pressure, barg
Extraction No. of equilibrium stages
Propane extractor 40 29.5-31.5 15
Propane post- 70 30 7
treatment column
Butane extractor 40 11.1-13.3 15
Regeneration Dimensions: DXL (m?)
Oxidizer 50 5.5-6.0 1.4X14.3
DSO separator 50 5.6 2X10
C4 washing drum 40 15.3 1.6X5

the caustic solution—sodium hydroxide (NaOH). Mercaptan
distribution between two phases—water and hydrocarbon—
occurs as:
| Il
RSH RSH RS~

(Oil phase) (Aqueous phase) (Aqueous phase)

After extraction of mercaptans by the caustic solution, sodium
mercaptides are formed via this reaction equation:

RSH + NaOH — RSNa + H,0

Fig. 1 is a simplified process flow diagram of the extraction sec-
tion. According to experimental data represented for normal butyl
mercaptans and assuming that variation of K, and K of C; to C3
mercaptans with caustic molarity as well as temperature is similar
to that of butyl mercaptan, empirical Eqs. 1 and 2 are represented
for K and K, of C) to C4 mercaptans for two liquid phases of
isooctane and caustic solution.* These equations have shown
good agreement with experimental data of C} to C; mercaptans
extraction via caustic:

log K, =—5.856x10"log 7 + 4 )

Where K, is the partition coefficient and is defined by Eq. 2
when the pH is low enough to prevent acid ionization:

[RSH],
K =—34 Since [RST]=0
» T IRsH,
log K, =—12.305log 7"+ B 2)
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Constants A and B for Egs. 1 and 2*

Mercaptan structure A B

Caustic Caustic Caustic

molarity: 4.25 molarity: 2.97 molarity: 1.85

Methyl mercaptan,  0.20235 33.7160 33.6521 33.5074
CH5SH
Ethyl mercaptan, 0.05715 33.0043 32.9154 32771
C,HsSH
Propyl mercaptan,  0.02398 32.135 32.117 32.020
C3H,SH
Butyl mercaptan, 0.01617 31.297 31.28 31.263
C4HoSH

Where K7 is extraction coefficient considering acid ionization
and is defined as:

(RS, +(RSH),,
£ (RSH)

oil

Constants A and B are available in Table 4. Constant B in Table
4 depends not only on mercaptan structure but also on caustic
molarity. Using experimental, constant B is developed by Eqs. 3
and 4 for C; and C, mercaptans:*

B =0.3504Ln(M) +33.267 for methyl mercaptan ~ (3)

B =0.3112Ln(M) + 32.571

As sodium mercaptides form in the caustic solution, the solu-
tion’s ability to extract mercaptans decreases, due to salting out.
The salting out effect is best represented by Eq. 5:4

for ethyl mercaptan (4)

S
log—2 = KC 5
g 5 )
So  Solubility in water
Sc  Solubility in salt solution
C  Salt concentration in water
K Salting-out constant

K'=0.075 For ethyl mercaptan
K=0.181 For n-butyl mercaptan

Caustic regeneration. Rich caustic solution, leaving the
extractor, is directed to an oxidizer, and air is injected into this
stream. The mixture flows upward through the oxidizer where
alkaline is regenerated by conversion of sodium mercaptides to
disulfides with CoSPc (sulfonated cobalt phthalocyanine) as
catalyst. The separated alkaline solution is recirculated to the
extractors. In this process, the catalyst and alkaline solution are

regenerated (Eq. 7) and recycled:
2RSNa +0.50, +H,0 — RSSR + 2NaOH

Fig. 2 is simplified process flow diagram for the caustic regenera-
tion section. Using experimental data represented in the literature,
the kinetic equation of mercaptide oxidation in an alkaline medium

by molecular oxygen is developed as a function of temperature:>~”
KK, [RS]IK][O,] y
RSNa = % 2.7667 x10
14+ K, [O,]+ K, [RSSR |
exp(0.0385x7") (6)
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Minimum required caustic concentration
for product purity under specified conditions

Minimum required caustic
concentration, wt%

Ethyl mercaptan in the
butane product, ppmw

45 16
5 15.5
5.5 14.93
10 13.6
20 12.4
30 11.8
80 10.2
Ethyl mercaptan in sour butane, ppmw 2,500
Temperature, °C 40
Mass ratio of caustic solution to butane 0.2061
Caustic flowrate, kg/hr 26,340.1

The constants in Eq. 6 are:
K\K,=2.07 X 102 m3 / [Pa-mole-s]
K,=1.1X 107 Pa”!
K. =950 m3/mole
The concentration of mercaptide ion [RS7], catalyst [K7] and
disulfides [RSSR] are expressed in mole/m?. The concentration of
oxygen [O,] is specified in Pa. The term [RSSR] reflects the inter-
facial mass transfer effects and is determined from the experimen-
tal data of [RSH],; vs. time and then calculated by subtracting the
[RSH],; at a particular time from the initial concentration.®

Molecular structure. According to the experimental data,
although increasing the molecular weight of mercaptans has neg-
ligible influence on ionization constant, it decreases mercaptan
solubility in water and thus K.

Caustic concentration and extraction efficiency.
Increasing caustic molarity will increase the extraction coefficient.
However for C3* mercaptans, this effect increases up to a caustic
molarity of 3. After this point, the salting out phenomena occurs.
Thus, the partition coefficient (K}) decreases, and the K does not
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Temp: 40°C
Caustic to propane ratio: 0.1158 - Caustic mass flowrate: 4,761 kg/hr
00 Caustic to butane ratio: 0.2061 - Caustic mass flowrate: 5,358 kg/hr
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=C=Ethyl mercaptan into the butane extractor: 12,800 ppmw
=C=Ethyl mercaptan into the butane extractor: 3,500 ppmw
=7v=Ethyl mercaptan into the butane extractor: 2,500 ppmw
Methyl mercaptan into the propane extractor: 690 ppmw
== Methyl mercaptan into the propane extractor: 330 ppmw

Simulation results of propane and butane purity vs. caustic
concentration in sweetening process.

increase greatly due to the caustic molarity. Experiments showed
that up to caustic concentration of 2.75 molar mercaptans conver-
sion to mercaptides will rapidly reach to 92%; thereafter, increasing
the caustic concentration is not so important.”

Simulation results of propane and butane purity vs. caustic
concentration are presented in Fig. 3 for design and actual operat-
ing conditions. For caustic concentrations greater than 13 wt%,
the mercaptan content of the propane products was reduced below
0.5 ppm. Table 5 summarizes the minimum required caustic con-
centration to reach specific product purity for assumed mercaptan
content and conditions. To process present mercaptan content for
sour propane and butane, the optimum caustic concentration is
14.93 molar. Thus, the mercaptan impurity will fall to 0.1 ppmw
and 5 ppmw in propane and butane products, respectively.

However, for the normal design case in Table 1, Fig. 3 shows
that, by applying a caustic concentration of 14.93 wt%, under
specified conditions, only 0.3 ppmw and 50 ppmw methyl mer-
captan and ethyl mercaptan remains in the treated propane and
butane products, respectively.

Temperature and extraction efficiency. Results from
experiments treating butyl mercaptan with two liquid phase of 0.5
molar caustic and isooctane at different temperatures shows that the
partition coefficient () is independent of temperature and mercap-
tan ionization constant decreases with lower temperatures. However,
the extraction coefficient is enhanced with decreasing temperatures

since the hydrolysis (K),=K,/K}) constant likewise decreases:*
Jr —
= (H 7] [OH ] = [H*][OHf] Water ionization
H 20] constant
—1rt
N [RS JIH] Mercaptan jonization
(RSH] constant
K,=K, IK, Hydrolysis constant



Caustic concentration: 14.93 wt%
Caustic to propane ratio: 0.1158 - caustic mass flowrate: 4,761 kg/hr
Caustic to butane ratio: 0.2061 - caustic mass flowrate: 5,358 kg/hr
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=(==Ethyl mercaptan into the butane extractor: 12,800 ppmw
== Ethyl mercaptan into the butane extractor: 3,500 ppmw
=7\=_Ethyl mercaptan into the butane extractor: 2,400 ppmw
Methyl mercaptan into the propane extractor: 690 ppmw
=== Methyl mercaptan into the propane extractor: 330 ppmw

Purity of the propane and butane products as a function of
temperature based on simulation results.

Maximum practical temperature according
to product purity under specified conditions

Maximum practical
temperature, °C

Ethyl mercaptan in
butane product, ppmw

5 40
10 415
30 43
80 45
Ethyl mercaptan in sour butane, ppmw 2,500
Caustic concentration, wt% 14.93
Mass ratio of caustic solution to butane 0.2061
Caustic flowrate, kg/hr 26,340.1

According to the experiments, mercaptan extraction is favored at
lower temperatures. Simulation results of propane and butane purities
vs. temperature are presented in Fig. 4 for design and actual operating
conditions. As expected, reducing process temperature will improve
mercaptan extraction. Temperatures lower than 44°C yield a mer-
captan content of less than 1 ppmw in the propane product, under
the specified conditions in Fig. 4. Maximum practical temperatures
for butane products with different specifications are summarized in
Table 6.

Data from Table 6 illustrate the significance of temperature
control in the butane extractor. Although reducing temperature
will enhance extraction efficiency; other processing effects are
possible:

* For temperatures lower than 20°C, caustic entrainment
problems will occur.

* At lower temperatures, sodium sulfide and carbonate salts
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Minimum practical caustic flowrate
according to product purity, under specified conditions

Mass ratio of caustic
solution to propane

Methyl mercaptan in the
propane product, ppmw

0.1 0.1158

1 0.1020

5 0.0930

10 0.0890

30 0.0800
Ethyl mercaptan in sour butane, ppmw 330
Temperature, °C 40

Caustic concentration, wt% 14.93

Caustic flowrate, kg/hr 41,113.22

Minimum practical caustic flowrate
according to product purity under specified conditions

Mass ratio of caustic
solution to butane

Ethyl mercaptan in the
butane product, ppmw

5 0.2060
10 0.1960
20 0.1804
30 0.1708
Ethyl mercaptan in sour butane, ppmw 2,500
Temperature, °C 40
Caustic concentration, wt% 14.93
Caustic flowrate, kg/hr 26,340.1

will precipitate out of the caustic solution and possibly cause
plugging problems.

The upper temperature limit is 45°C, because the mercaptan
extraction efficiency begins decreasing. Since temperatures of the
sour propane and butane from the NGL fractionation unit are 60°C
and 40°C, respectively, the optimum temperature of 40°C for both
extractors is recommended to achieve less than 10 ppmw mercaptan
concentration in the product under specified conditions.

Caustic flowrate and extraction efficiency. Caustic con-
sumption—kg of 100% NaOH per metric ton of feedstock—for a
given treating level is directly related to the initial caustic solution
concentration, initial mercaptan concentration in the feedstock and
product purity. Experiments with refinery tests on LPG demercapta-
nization units have confirmed that, if the mercaptan content entering
an equilibrium stage, is very high, then NaOH solution saturation
with mercaptans is a limiting factor for extraction.!? Studies have
shown that the saturation value, expressed in moles S~ per mole
NaOH, does not depend on the initial mercaptan content in the
product being treated. This saturation value decreases with increas-
ing initial caustic solution concentration. For a given treating level
and NaOH solution concentration, the saturation value is constant.

Considering the saturation capability of caustic solution as
a function of caustic concentration, Eqs. 7 and 8 are regression
equations that describe the experimental data:!°

Y, =0.350—0.00X, 7)

Y, Saturation of the caustic solution for averaging, moles

S—2/mole NaOH
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Temperature: 40°C - caustic concentration: 14.93 wt% -
propane mass flowrate: 41,113.22 kg/hr
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Purity of the propane and butane products as a function of caustic flowrate based on simulation results.

X; NaOH weight fraction in caustic solution X 100

Y, =0.624—0.016X, (8)
Y2 Saturation of the caustic solution for breakthrough,
moles $2/mole NaOH

X; NaOH weight fraction in caustic solution X 100

Simulation results shown in Fig. 5 and Tables 7 and 8, represent
the required caustic (NaOH) amount based on the impurities lev-
els before and after treatment, under the specified conditions.

Based on these results, 0.102 kg of caustic solution of 14.93
wt% (0.015 kg pure NaOH) per kg of propane and 0.210 kg of
caustic solution of 14.93 wt% (0.032 kg pure NaOH) per kg of
butane guarantee propane product and butane product with mer-
captan impurities of 1 ppmw and 5 ppmw, respectively. Result:
Higher purity marketable products are now available.

Mercaptan structure and regeneration efficiency.
From experimental reaction results for several sodium mercaptides
with different structures at similar conditions, it can be found
that the more complex the structure of sodium mercaptide the
slower the oxidation rate.? Tert-butylmercaptide is one of the
most difficult mercaptides to be oxidized due to its high steric
and inductive effects.®

Stability in LPG sweetening. With continuous unit opera-
tions, the catalyst will deplete; sweetening efficiency will deterio-
rate and the alkaline solution must be replaced frequently. This
will increase operating costs as well as cost for waste disposal of
the alkaline solution.
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B Using operating data, engineers ran
simulation models that more accurately
respresented the ‘sweetening’ process for
this gas plant.

The colorimetry of the CoSPc—a reliable means for deacti-
vation measurement—shows that the catalyst activity at room
temperature is greater than that of higher temperatures. From the
literature, adding catalyst to previously prepared caustic solution
can provide the highest conversions.®

Air injection and caustic regeneration efficiency.
The stoichiometric amount of oxygen to oxidize sodium mer-
captides is 0.25 mole of oxygen per mole of sodium mercaptide.
However, it is necessary to inject excess air into the oxidizer to
enhance reaction efficiency. This excess air depends on the sodium
mercaptides concentration in the inlet caustic solution.

For an initial mercaptide content of 35,770 ppm at the inlet,
approximately 200% excess air is needed to reach to 5 ppmw
ethyl mercaptide content at the outlet. Considering the actual
conditions, 1.16% excess air will yield the same ethyl mercaptide
concentration (5 ppmw) in the caustic solution, leaving the reac-
tor if 8,680 ppm of mercaptide is associated with the feed entering
the reactor. However, there are some key points:

1) While a low mercaptan concentration is desirable, the
caustic solutions should never be completely regenerated via high
excessive air rates. In the absence of mercaptans, traces of oxygen
can dissolve in the circulating caustic and cause sweetening to
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For caustic solution containing 8,234 ppm ethyl mercaptide:
Required Inlet concentration of caustic:12.5 wt% (dealing with not
prewashed propane)

Outlet concentration of caustic: 14.93 wt%, oxidizer top to bottom
temperature:40°C-50°C

Mass flowrate of caustic solution:13,851.9 kg/hr

For caustic solution containing 35,770 ppm ethyl mercaptide:
Required Inlet concentration of caustic:14.54 wt%

(if propane is prewashed)

Outlet concentration of caustic: 14.93 wt%, oxidizer top to bottom
temperature: 40°C-50°C

Mass flowrate of caustic solution: 14,300.3 kg/hr

Sodium mercaptide in regenerated caustic as a function of

excess air based from simulation results.

occur in the extractor; the disulfides will then return to the LPG
phase and increase the product’s total sulfur content.

2) Small levels of mercaptides in the caustic (30 ppmw—50 ppmw)
keep the catalyst dispersed. Thus, the catalyst does not accumulate at
the rich-disulfide caustic interface in the disulfides separator.

Consequently, regenerated caustic must hold 30 ppmw—50
ppmw sodium mercaptide. In Fig. 6, the present unit operates
with 8,234-ppmw sodium mercaptide concentration at the inlet
of the oxidizer, and 108%-—110% excess air is the optimum value.
The oxygen level in the air leaving DSO separator must range
between 1.5% and 2%.

Caustic concentration and regeneration efficiency.
Caustic solution as a reaction medium has an optimum concen-
tration of 1.8—1.9 molar, which supports 75% conversion. While
increasing the caustic concentration to 3.8 molar is still practical;
the high levels only yield 70% conversion. Consequently, very
high caustic concentrations are not beneficial to regenerating
NaOH. To explain the regeneration reaction kinetics, there are
two points. First, when increasing the concentration of caustic
solution, the solubility of CoSPc catalyst will decrease catalyst
dispersion in the solution. Second, higher alkaline solutions have
greater viscosities, which hinders the transfer of free radical in the
radical oxidation reaction of mercaptides.”:8

Experimental results suggest an appropriate alkaline concen-
tration of 2.75-4.25mol/dm? for the sweetening of LPG. Fig. 7
shows the simulation results over the effect of caustic concentra-
tion on the rate of mercaptide oxidation. Rich caustic solution
in the oxidizer is mixed with air as oxidant. Thus, variations of
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Inlet caustic containing 8,234 ppm ethyl mercaptide:
Oxidizer temperature from top to bottom:40°C-50°C
Excess air: 110%

Mass flowrate of caustic solution: 13,851.9 kg/hr

Sodium mercaptide in regenerated caustic vs. caustic

concentration based on the simulation results.

Variations of caustic molarity by mass
fraction of sodium hydroxide in solution

Caustic solution mixed with 110%
excess air under conditions of Fig. 7

Mass fraction  Molarity of NaOH
of NaOHx 100 in the solution

Pure caustic solution

Molarity of NaOH
in the solution

Mass fraction
of NaOHx 100

17.8 5.223 171 2.18
149 4.288 14.5 1.98
14.1 4.016 - -
12.9 3.626 - -
1" 3.007 1.3 1.78

caustic molarity by mass fraction of NaOH in solution are not
the same as molarity variations of pure caustic solution by its
composition, as listed in Table 9.

Since regenerated caustic is recycled from the oxidizer to the
extractors, the concentration of regenerated caustic at the reactor
outlet must be the same as the caustic concentration entering the
extractor. Caustic concentration at the reactor inlet is specified
as a function of the sodium mercaptides concentration to be
oxidized to NaOH and the caustic concentration at the inlet of
the extractors.

For present plant conditions, 8,200 ppmw of sodium mercap-
tide is oxidized to NaOH. The optimum caustic concentration to
the extractors and, thus, recycling from the oxidizer is 14.93%.
Consequently, the caustic concentration from the extractors to
the oxidizer must be increased from 12.2 wt% to 14.5 wt% at the
oxidizer inlet. Accordingly, 884.41 kg/hr of fresh caustic (solution
0f 40% wt) makeup is mixed with the rich-caustic solutions from
the extractors. Referring to Fig. 7, 30 ppmw of sodium mercaptide
will remain in caustic solution, which is a desirable level. Note:
SPGC Phases 4 and 5 propane is not prewashed; thus, a large

volume of fresh caustic is required.

Temperature and efficiency of caustic regeneration.
Temperature is one of the most important factors influencing
reactions. To oxidize propane mercaptide, the optimum tempera-
ture based on oxidizer performance ranges between 40°C-50°C.
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Inlet caustic containing 8,234 ppm ethyl mercaptide:
Required inlet concentration of custic: 12.5 wt (if propane is
not prewashed

Excess air: 110%

Mass flowrate of caustic solution: 13,851.9 kg/hr

Inlet caustic containing 35,770 ppm ethyl mercaptide:

Inlet concentration of caustic: 14.54 wt% (if propane is
prewashed)

Excess air: 200%

Mass flowrate of caustic solution: 14,300.3 kg/hr

Sodium mercaptide in regenerated caustic as a function of

temperature based on the simulation results.

However, the oxidizer temperature should always be kept as low
as possible considering catalyst activity while still maintaining
the desired degree of mercaptans regeneration. In any event,
55°C would be considered as an absolute maximum temperature
because of metallurgical limitations and also the possibility of
disulfide oils decomposing into sulfonic acids.

Based on simulation results, Fig. 8 shows the effect of oxi-
dizer temperature on the conversion of sodium mercaptide. The
results are presented for two cases—design and actual operating
conditions. The extraction of 2,500 ppmw of ethyl mercaptan
from butane and 330 ppmw of methyl mercaptans from pro-
pane by caustic will yield 8,234 ppmw of sodium mercaptide in
the caustic solution at the oxidizer inlet (Fig 8). Since this is an
endothermic reaction, if the sodium mercaptide content of the
caustic at the reactor inlet is 8,234 ppmw, then the reactor top
and bottom optimum temperatures should be approximately
45°C and 50°C, respectively under mentioned conditions in
Fig. 8. Remember: At least 30 ppm of RSNa must remain in
regenerated caustic.

Outlook. According to the results, caustic concentration of
14.93 wt% and temperatures of 40°C are optimum values for
extractors. The required amount of caustic to extract mercaptans
can be selected according to the purity of the product, as shown
in Tables 7 and 8. When considering caustic regeneration con-
ditions, amount of air injection to the oxidizer is a key factor
affecting the sweetening process efficiency. Approximately 30
ppm—50 ppm of sodium mercaptide must be included in the
circulating caustic. Fig. 6 shows the required air amount for
specified conditions. The optimum log mean temperature of
the oxidizer is 40°C to 45°C depending on the impurities con-
centration. The optimum caustic concentration of 1.9 molar
after mixing with air is the optimum value within the oxidizer,
which can be adjusted by fresh caustic makeup. However, the
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required concentration of recycling caustic to the extractor as
well as the amount of sodium mercaptide impurities in the rich
caustic are limiting factors for the unit and should be considered
when defining the required concentration of the inlet caustic to
the oxidizer.

High-purity propane and butane products were obtained in
SPGC Phases 4 and 5 when operating variables were adjusted.
LPG with mercaptan content less than 10 ppm is sold at $ 3/
ton to $4/ton—more than present LPG prices. Consequently,
optimizing this unit resulted in a total net income increase of
$2.9-$3.9 million/yr. This task is achieved without new equip-
ment installed or equipment modifications. The results were
possible by only fine-tuning operational process parameters with
some extra caustic consumption reduction. HP

NOMENCLATURE

K,  Partition coefficient
Ky  Extraction coefficient
S, Solubility in water
S, Solubility in salt solution
C  Salt concentration in water
K Salting-out constant
rrsne Reaction kinetic of sodium mercaptide oxidation
Ky, Water jonization constant
K, Mercaptan ionization constant
Kj,  Hydrolysis constant
Y,  Saturation of the caustic solution for averaging
(moles S~2/mole NaOH)
Y,  Saturation of the caustic solution for breakthrough
(mole S/mole NaOH)
X; NaOH weight fraction in caustic solution X100
T Temperature
x,  Weight fraction
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numerous challenges

ocating natural gas liquefaction installations around the Arctic

Ocean for export markets poses many challenges. This region

is hostile with many changing environmental obstacles. As
shown in Fig. 1, many hurdles must be addressed when construct-
ing and operating a liquefied natural gas (LNG) facility. Yet, the
potential oil and gas resources located at the Arctic region draw
global interest. Several formidable obstacles must be addressed in
conquering this region to develop these new energy resources.

Arctic Ocean and its margins. The Arctic Ocean is a vast,
remote and inhospitable region. A substantial portion of its con-
tinental shelf lies off the north coast of Russia, which is where
most of the human settlements proximate to the Arctic Ocean
are located (Fig. 2). The North Pole is surrounded by the Arctic
Ocean. Five countries surround the Arctic Ocean: Russia, the US
(via Alaska), Canada, Norway and Denmark (via Greenland).
Currently, these nations’ claims to sovereignty over the Arctic

Arctic challenges for the LNG industry to overcome
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Challenges of exploiting Arctic Ocean natural gas resources
with LNG supply chains.

What are the opportunities
to construct liguefaction facilities
at the Arctic Circle?

Building and operating natural gas plants in the high latitudes pose

continental shelf are limited to a 200-nautical mile (nm)—approx-
imately 370-km—economic zone bordering their coasts. Under
international law, no country can claim sovereignty to the areas
surrounding the North Pole. The 1982 United Nations Conven-
tion on the Law of the Sea (UNCLOS) provides a country with
a 10-year period to make claims to extend its 200-nm zone. Due
to this, Norway (ratified UNCLOS in 1996), Russia (ratified
UNCLOS in 1997), Canada (ratified UNCLOS in 2003) and
Denmark (ratified UNCLOS in 2004) have launched claims
under the convention that certain Arctic sectors should belong
to their territories.! The US has signed, but not yet ratified this
treaty. Because of the potential mineral resources possibly existing
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The Arctic Ocean and its surrounding settlements. Source:
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World Arctic cumulative discovery
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in the deeper waters of this region and the ability to control stra-
tegic shipping routes, there is significant competition and political
maneuvering by these nations to optimize the size of their claims. It
is therefore unlikely that clearly defined and internationally agreed
borders covering the entire Arctic Ocean region will be available in
the near future. Some resource development could be delayed due
to potential international disputes over such borders.

How much petroleum exists in the Arctic? There is
much uncertainty concerning the volumes of oil and gas that exist
and can be commercially recovered from Arctic regions. Some
speculate that between one quarter and one third of all remain-
ing oil and gas reserves to be found worldwide could possibly
be located in the Arctic regions. A study by Wood Mackenzie
reported a more conservative view that 233 billion barrels of oil
equivalent (boe) of oil and natural gas combined has already been
discovered in Arctic basins.? It is estimated that some 166 billion
boe remain undiscovered (yet-to-find). That report identified the
South Kara-Yamal basin and the East Barents Sea in Russia, along
with Greenland’s Kronprins Christian basin to have yet-to-find
resources greater than 10 billion boe. However, only the South
Kara-Yamal basin and the East Barents Sea were considered to
offer yet-to-find potential in pool sizes of over 1 billion boe.

An even more conservative view is expressed by the IHS data-
base (February 2007) for existing Arctic fields and New Field
Wildcats (NFW) for Russia, Europe (Norway and Svalbard) and
North America (US and Canada) north of 66°33°39”.3 Fig. 3
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shows extrapolated discovery trends of the second report, which
used mathematical models to estimate ultimate recoverable petro-
leum reserves of 50 billion barrels of oil and 1,000 trillion cubic
feet (Tcf) of natural gas for a combined 217 billion boe. Although
this study excludes Greenland, it does highlight that most land
sections of the Arctic are already well explored and can be used
reliably to estimate yet-to-find resources.

With much exploration to be undertaken, it is no surprise that
yet-to-find estimates vary widely. However, there is a consensus
among analysts that approximately three-quarters of the reserves
in the Arctic Ocean sedimentary basins are natural gas. The major
oil and gas companies are attracted by the potential of finding
other giant fields such as the Shtokman in the Barents Sea.

For the global gas consumers and long-term sustainability
of natural gas as a major global energy source, a more signifi-
cant challenge is advanced technologies that can cost-effectively
develop the numerous smaller-sized gas fields of the Arctic Region.
These methods, in addition, could be applied to the few giant gas
fields that remain undiscovered and could be developed using
existing technologies and resource approaches. In this case, the
technological focus should be on how to commercially develop and
transport a large portion of these gas resources to global markets,
not just on how to develop a few giant fields.

Changing Arctic climate opens new frontier. Although
some debate remains over the causes of higher global temperatures,
the evidence and consequences of climate change are nowhere
more evident than in the Arctic Ocean and its margins. The con-
sequences of a rising Arctic temperature trend (Fig. 4) according to
scientific models are likely to be quite rapid and cause substantial
contraction of sea ice (Fig. 5). The continental margins of the Arc-
tic Ocean are also likely to see environmental changes due to higher
mean annual temperatures before the end of the century (Fig. 6).

Contemporary conditions around the Arctic Ocean continen-
tal shelf vary substantially. For instance, whereas the Barents Sea
remains ice-free even in winter (due to the influence from the Gulf
Stream), the Chukchi Sea is ice-locked in winter. Changing marine
currents could have significant consequences for local ice condi-
tions, and these are more difficult to predict. Accordingly, there
is much uncertainty over which regions will become navigable in
winter by shipping, including LNG carriers. The Arctic Ocean
will, under all climatic scenarios, remain a challenging nautical
environment to navigate and this will require special ship designs.
In terms of oil and gas operations, extreme cold and limited winter
daylight pose both operational and human endurance challenges.

The longer-term global consequences of such dramatic changes
in the Arctic Ocean (e.g., rising sea levels and less predictable weather
patterns) are more difficult to forecast and may have significant overall
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negative sustainability consequences. However, the medium-term
implications of such scenarios are: a greater number of Arctic sea ports
will be ice free during the winter; a greater area of the Arctic Ocean
will be navigable for shipping; and easier access to oil and gas resources
beneath the Arctic continental shelf. It is likely that countries and cor-
porations will make efforts to exploit such opportunities.

The potential of access to additional petroleum resources and
the opening of a new exploration and development frontier are
stimulating many in the petroleum industry. The energy industry is
becoming excited about these opportunities and is seriously consid-
ering the technological challenges associated with exploiting Arctic
resources. One of the first indications of institutional cooperation
is the agreement reached in April 2008 between the American
Bureau of Shipping and the Russian Maritime Register of Ship-
ping to jointly develop classification rules for Arctic LNG carriers.
This agreement came in the wake of the Shtokman Development
Co. preparing plans for the giant Shtokman gas field (>100 Tcf of
reserves) in the Barents Sea. Russia, following Norway’s Snghvit
LNG project (onstream September 2007), is known to be plan-
ning substantial gas liquefaction facilities along its northern coast
to enable worldwide exports of its gas resources. Among the Rus-
sian oil industry’s plans under consideration is an LNG plant in
Teriberka on the Barents Sea coast, along with a plant in the Yamal
Peninsula. Russian state-owned gas monopoly Gazprom and its
subsidiary Sevmorneftegaz expect that 25 new LNG tankers will
be required in connection with the Shtokman project. No surprise
that the LNG shipping industry is showing interest.

Liquefaction at high latitudes. Cold average annual tem-
peratures are actually beneficial for operating efficiencies and energy
consumption by cryogenic facilities, regardless of the technology
applied. For example, cold ambient temperatures enhance gas-
turbine power outputs. In the Arctic region, it is not, therefore, the
average annual temperature, which is low (close to 0°C, the point at
which fresh water freezes), that poses the challenge to gas liquefac-
tion. Rather, it isthe seasonal temperature and weather variations

BONUSREPORT

Arctic LNG shuttle Hoegh LNG. The photo is used with
permission from Hoegh LNG.

that are largely the challenges for LNG facilities and operating
equipment. Winterization technologies are required to restrict icing
at the air and gas inlets and initial chilling plants, but these units
can require frequent adjustments as weather conditions vary widely
leading to inefficiencies.’ The propane refrigerant cycle provides the
initial chilling in the most commonly licensed liquefaction processes
and is responsible for taking temperatures down to the —35°C to
—40°C. The cycle is also used to liquefy and separate substantial
volumes of gas liquids from the feed gas. To improve initial cooling
cycle efficiencies under Arctic conditions may require replacing
propane as a refrigerant with a lower boiling point gas (e.g., ethane
or ethylene) or a multi-component mixed refrigerant.

The ability of liquefaction plants to benefit from theoretical
higher efficiencies at cold temperatures depends upon the design
temperatures for these Arctic plants and their design operating
strategies. If the average annual temperature is used as a fixed-
design temperature, losses due to higher than average tempera-
tures (assuming a rate of 1.8%/°C) significantly outweigh gains
attributable to more efficient condenser performance at lower
than average temperatures, as plant capacities are varied to achieve
annual production quotas.® Conversely, fixing the design through-
put capacity and raising design temperatures (above average ambi-
ent conditions) to achieve that capacity can lead to higher total
efficiency, but at higher capital costs.’

If liquefaction plants are to be operated at varying throughput
capacities dependent on changing ambient temperatures, then the
feed gas and LNG shipping logistics must be adjusted to cope with
such variations. This may not always be possible. For instance, colder
weather conditions may lead to shipping delays at a time when the
plant is capable of maximum output. The liquefaction plant opera-
tors will have to balance the economic benefits of larger-capacity train
installations, optimum design configuration from an operating per-
spective, and the challenges of constructing and operating the plant
at remote sites under adverse and variable weather conditions.

Limited winter daylight hours, more costly human resources and
difficult construction logistics also have to be acknowledged as major
contributions to greater capital and operating costs and extended
project schedules. The very large cost overruns vs. the originally sanc-
tioned budgets experienced by the StatoilHydro-operated Snghvit
LNG plant, and the Shell-operated Sakhalin LNG plant during their
construction phases, and the significant and costly teething problems
experienced by the former testify that installing liquefaction plants at
high latitudes has substantial associated cost penalties.

Modular and offsite construction of major components offer a
partial solution to some of these problems. But careful upfront plan-
ning, extensive front-end engineering and design evaluations and
parallel engineering, procurement and construction methodologies
would be necessary to effectively execute such projects. Multi-site
operations themselves pose challenges due to resource procurement,
integrated planning, control, regulatory and fiscal complexity.
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Operations and maintenance issues. Winterization of
gas processing and liquefaction plants is necessary to prevent fluid
freezing, liquid drop-out, and wax and hydrate formation. Elements
of gas-processing plants, pre-cooling refrigeration cycles and air-
cooling systems are most likely to experience such problems. Sys-
tems that facilitate rapid responses to short-term changes in weather
conditions are required. Rotating equipment such as pumps, power
generators, and refrigerant gas turbine and compressor units will
require heated and ventilated buildings to house them. Plant layouts
should facilitate easy access to equipment by maintenance staff so
that both routine maintenance and emergency responses can be
conducted in a safe and timely manner. In fact, plant and equip-
ment access under extreme weather conditions need careful con-
sideration. Compressors, pumps, valves, air coolers, wellheads, etc.,
require sheltered containment that facilitates easy access and enables
both staff and equipment to withstand extreme conditions.

Arctic LNG shipping. The first ice-class LNG vessels are about
to enter service for the Sakhalin-II project in eastern Russia. Five
new LNG ships will service the liquefaction terminal at Prigorod-
noye in Aniva Bay. Three were built in Japan with the Moss-type
independent tank and hulls designed to Finnish-Swedish ice-class
1B standard; two ships were built in South Korea, each with dif-
ferent membrane tank designs. All five ships have their propeller
and line shafting built to the Russian Maritime Register of Ship-
ping ice-class LU2 standard and membrane containment ships
also have their ice-strengthened hulls built to that standard.” The
performance of these vessels will provide an indication of the
standards required for a more extensive Arctic LNG carrier fleet
to withstand sea ice seasons of 100 days and more.

As LNG supply chains develop, it is not just at the liquefaction ter-
minals where sea ice will be encountered. Plans to build regasification
terminals along the St. Lawrence River in Canada suggest that the
ships may have to operate in ice at both ends of their routes. The
power installed and the ice class of the vessels apply to the more chal-
lenging Arctic routes, such as to the Western Arctic coastline of Rus-
sia. They will need to be higher unless dedicated ice-breaker vessels are
commissioned to assist these vessels. With winterization features, such
as low-temperature-proof materials to the deck equipment on the
vessels and on loading and unloading facilities, the ships will have to
withstand severe wave conditions and persistent cold environments.
Carriers using membrane-containment designs will need reinforced
tank supports to avoid cargo-sloshing damage. Indeed, membrane
designs will need to prove their reliability under such challenging con-
ditions before operators will order them for Arctic service. LNG ships
built for dedicated service to the Snghvit LNG facility in Northern
Norway (ice-free all year) are all of the Moss-type design.

The challenges associated with first-year ice navigation and
those with multi-year ice navigation are very different. Multi-year
ice is prevalent in the Kara Sea and for year-round navigation with
icebreaker assistance. Typical hull-structure design values over ice-
sheet thicknesses vary from 120 cm to 170 cm in the summer and
autumn seasons and 170-cm to 320-cm thickness (with hummocks)
in the winter and spring seasons.” Movement in such winter condi-
tions requires very powerful engines (85 MW to 120 MW), nar-
rower beams and strong propulsion equipment to push ice-breaking
hulls that are moving slowly (2 nm/hr).® Although the highest ice-
classed LNG vessels do need to have ice-breaker assistance at times,
the vessels and support services will not only be expensive, but the
periodic slow speeds along the most challenging parts of their routes
will require more tankers to transport similar contract quantities

58 ’ MARCH 2009 HYDROCARBON PROCESSING

than for ice-free supply chains. Shuttle-tanker methodologies may
make sense in some cases, i.e., ice-classed tankers to move cargoes
past the ice edge either to trans-shipment ports or for ship-to-ship
transfer may make commercial sense in some cases. The reality is
that each port and shipping route will probably pose its own chal-
lenges and require tailored vessel design solutions (Fig. 7).
Exploiting NG reserves using LNG technologies in high lati-
tudes is commercially viable today at some locations. However, in
more extreme Arctic conditions, new technologies and plant con-
figurations must be developed for field development, liquefaction
and shipping segments of the supply chain. These solutions will
be more costly to develop, construct, install and operate than for
lower-latitude routes. The LNG industry has the optimism and
track record for innovation to justify that acceptable technologi-
cal solutions can be found. Questions, however, remain over the
magnitude of gas reserves yet-to-be discovered and the long-term
sustainability of such high-cost supply chains of natural gas. HP
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rocess plants have traditionally relied on laboratory-quality

determinations and a limited number of in-line measure-

ments to control feed qualities, intermediate streams and
commercial products. Driven by a very demanding economic
environment, this situation has changed dramatically with prog-
ress in reliable, accurate and affordable process spectrometers,
advances in spectral information processing techniques (chemo-
metrics) and availability of fast real-time computers.

Spectroscopic methods have found applications in many sec-
tors, including agricultural and environmental sciences, food
and beverage, the pharmaceutical industry, electronics, oil and
gas, petrochemicals, etc. Refer to Workman’s article for a more
comprehensive review of applied spectroscopy in the infrared
domain.! Applications in the process plants essentially relate
to oil refining, chemicals and petrochemicals, and impact the
economics and operation organization.

Since spectroscopy allows for a deep knowledge of chemical
entities, the methods have enabled a number of advanced process
control (APC) and real-time optimization (RTO) applications
that could not be achieved with traditional analytical methods
for cost and process dynamic reasons.

Process plant spectroscopic methods. Most process
plant laboratories are using several spectroscopic methods, includ-
ing ultraviolet (UV), visible (VIS), near-infrared (NIR), fluo-
rescence X, etc. There has been much debate on the compared
merits of each method and Chung’s article gives a more detailed
description.? It appears that nuclear magnetic resonance (NMR)
and mass spectrometry, although both are powerful and sensitive
methods, are difficult to implement and maintain online in an
industrial environment due to the high-level skills required.

Raman spectroscopy has specific merits and has been used
successfully in BTX (benzene, toluene and xylene) plants. Some
advantages of Raman spectroscopy are:

* Fine analysis of chemical mixtures, including isomers

* No requirement to remove water from sample

¢ True simultaneous detectors, no beam splitter required

* Frequency ranges close to visible, allowing the use of inex-
pensive long optical fibers (up to 350 m).

With NIR and MIR spectroscopy, experience has shown that
vibrational spectroscopy in the NIR and the mid-infrared (MIR)
domain was the most appropriate technique for online quality
determinations, for the following reasons:

In-line laboratory and real-time
quality management

An in-depth look at NIR spectroscopy

* Nondestructive methods

* Very fast answers, about 10 to 200 times faster than ASTM
methods for some quality determinations, such as octane, cetane,
detailed hydrocarbon analysis or crude true boiling point (TBP)

* Fiber optic use provides a safety advantage in oil refineries and
the possibility for fast multiplexing on several process streams

* Easily maintained.

MIR offers the most sensitive spectra in the 2,500-20,000-nm
domain with a “fingerprint” region between 5,000-15,000-nm
where functional absorption bands can be related to organic func-
tional groups and be used for quantitative analysis of an individual
component. This is the case for cetane booster additives used in
gasoil blending. However, the strong absorption requires extremely
costly fiber optics and very short optical paths, making MIR spec-
troscopy economically difficult to justify for in-line use.

NIR has become the favored spectroscopic method in the oil
industry due to its robustness, high photometric and wavelength
accuracy, and short response time compared to the traditional
ASTM methods.? Operating at shorter wavelengths, the energy
level is higher and provides better signal/noise ratio than MIR.
However, NIR spectra are made of broad absorption bands that
require extensive mathematical processing to extract meaningful
quality information.

NIR principles. NIR spectroscopy operates in the 780-2,500-
nm (12,800-4,000 cm™) electromagnetic spectrum regions,
consult Workman’s article for a basic introduction to NIR.# Any
molecule having C-H, C-S, C-N or O-H bonds can be analyzed
by NIR. First, second and third overtones are to be found in the
800-2,000-nm domain while combinations give absorption bands
in the 2,000-2,500-nm domain. Low intensity and broad overlaps
require very low signal/noise factors from accurate spectrometers.

NIR spectrometer use for industrial applications.
The complex analysis of NIR spectra became feasible when fast
computers were made available along with powerful chemometrics
software, efficient detectors and affordable fiber optics. NIR is the
most versatile spectroscopic method with at least 15,000 papers
published on the technology fundamentals and applications.

Chemometrics. Useful information extracted from NIR spec-
tra is performed by mathematical processing, generally using
statistical techniques. The most commonly used method is partial
least squares (PLS) and its derivatives combined with principal
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components analysis (PCA). Although widely available, it has
severe limitations for complex applications such as blending.
Some severe limitations are:

* Lack of explanation in outlier cases

* Limited prediction capability for global quality determina-
tions, particularly cold properties of gasoil

* Necessity to calibrate one separate model for each quality
determination.

PLS models may require spectral range optimization to be effec-
tive’ and avoid artifacts from over fitting. Furthermore, they are dif-
ficult to transfer from one spectrometer to another. They are widely
supported by several software technologies and affordable. Also, they
can be efficient on simple applications such as octane on a reformate
or alkylate stream and used for fast product identification.®

A more advanced method makes use of topology-based data
mining from a spectra reference library. It is proven highly effec-
tive on very complex NIR applications. The specific advantages
of this method are:

¢ Uses the whole spectrum of information, including the com-
binations domain (this depends on the optical fiber type used)

* Provides a sample classification by chemical species, a use-
ful feature with outliers (unrecognized spectra), that gives a
physical explanation

* Allows computation of blending indices for non-linear
properties, used in linear programming (LP) models and creates
virtual blends for the spectral database densification, as shown
in Figs. 1 and 2.

* Predicts responses to some additives

* Cumulates spectral information over time, improving pre-
dictions and only requires a single model for all properties of a
given process stream.

Besides the ability to provide the required precision and
accuracy for quality determinations, the main criterion for the
chemometrics selection method allows refinery laboratory staff to
maintain NIR models independently on the long-term.”

Oil and gas production. NIR has only recently been used
to monitor crude production from various gathering centers
to predict composition at receiving terminals. Given untreated
crude conditions, i.e., sand, sediments and water, the sampling
system is the most critical application. There are on-going proj-
ects to use NIR to determine condensate qualities on gas fields
with an objective to deliver a constant commercial product at
the loading facilities.

Refinery process units. NIR applications for quality petro-
leum product determinations were initiated in the US during
World War II. With the contribution of such pioneers as the BP
Lavera Research center, these online applications now cover major
refinery processes such as:

* Atmospheric distillation unit: crude mix true boiling point
(TBP), side stream qualities (naphtha to heavy gasoil)

* Vacuum distillation unit: vacuum gasoil

* Vacuum residue hydrodesulfurization: gasoil, naphtha

* Naphtha hydrotreater

* Hydrodesulfurization gasoil, wild naphtha

e Reformer: feed and reformate

* Gasoline hydrogenation: gasoline

* Isomerization: isomerate

e Alkylation: alkylate

e Aromatics units: feed and BTX extract

e FCC unit: feed, light gasoline, heavy gasoline, light cycle
oil, heavy cycle oil

* Hydrocracker unit: gasoline, jet fuel and middle distillates

¢ Lube oil units: intermediate streams.

More recently, NIR has been used on crude distillation units
to predict the crude mix TBP (12 distillation points ASTM
D2892) in real-time to minimize transient operations dur-
ing crude swings.®? This application is most useful to increase
throughput in European refineries processing a large crude slate
with frequent swings, sometimes once a day.

Blending. Early NIR applications were quite simple, measur-
ing the reformate octane number, but were quickly extended to
include very complex gasoline and middle distillates blending.
This blending operation is critical as it is the last processing step
before selling the commercial product. It also requires accurate
quality determinations for specifications that include the quality
certificate for commercial transactions. Tables 1 and 2 provide
a quality specifications list that is routinely predicted by NIR
for gasoline and gasoil optimal blending with repeatability and
reproducibility equal to or better than ASTM.

An NIR-based blending application is performed with
increased efficiency compared to traditional methods.!!! How-
ever, a number of quality determinations illustrated in Tables 3
and 4 may be required on commercial quality certificates but are
not achievable by NIR or not yet proven.

It should be noted that:

* Water in samples can be noticed by NIR but is a nuisance

Motor octane number 88.0
Coefficient of isoparaffins
-0.08700 T T T T s
0.28620 7
. i Mag
-0.48540 \
-0.68460|.--——--- 3
-0,88380 i
-1.08300 N N N S P |
0.035 0.289 0.543 0.797 1.062 1.306
Coefficient of aromatics 84.4

Spectral database before primary densification.
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Spectral database after MC primary densification.



Gasoline quality determinations by NIR

ASTM
Quality determination Unit methods  Specification Note
Research octane number D2699 Min
Motor octane number D2700 Min
Density Ka/liter D1298 Range 1
Temperature 10% distilled °C D86 Max
Temperature 50% distilled °C D86 Range
Temperature 90% distilled °C D86 Range
Temperature FBP °C D86 Max
Reid vapor pressure @ 100°F Psi D323 B, Max 2
D5482
Benzene content % Vol. D6293, Max 3
D5134
Total aromatics content % Vol. D4420, Max
D1319,
D6293
Olefins contents % Vol. D1319, Max 3
D6293

Note 1: ASTM D4052 repeatability cannot be achieved by NIR.
Note 2: If no C3 variations.
Note 3: If C > 0.5 % mol.

Gasoil quality determinations by NIR

ASTM
Quality determination Unit methods Specification Note
Cetane number D613 Min
Cetane index D4737 Min
Flash point (PMCC) °C D93 Min
CFPP °C D6371 Max
Pour point °C D6749, D2500 Max
Cloud point °C  D5773, D2500 Max
Density @ 15°C Ko/ liter ~ D1298 Range 1
Temperature 90% distilled °C D86 Report
Temperature 95% distilled °C D86 Max
FBP °C D86 Report
Kinematic viscosity @ 100°F St D445 Range 4
Conradson Carbon Residue % Weight  D4530, Max

D189
Aromatics content % mass D5186, Max

D2429,

D5292
Polycyclic aromatics (PAH) % Weight  D5186, Max

D2429,

D5292

Note 1: ASTM D4052 repeatability cannot be achieved by NIR.
Note 4: Without ASTM repeatability.

for spectra quality
* Gums and oxidation stability are presently indicated by NIR
* The traditional copper corrosion and doctor test are not
critical with low sulfur gasoline.

Petrochemical plants. Spectroscopic methods have been used
on BTX units and ethylene plants.!>13 Liquid feeds to steam crack-
ers are excellent candidates for NIR-based high frequency analysis
to predict PINA by carbon atom and cracking yields to manipulate
in real-time the cracking furnace severity and adapt to the cold sec-
tion operating conditions. As for crude TBP determination, this
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Some required gasoline quality

determinations

Quality determination Unit ASTM methods  Specification
Water content mg/kg D1744, D1364 Max
Washed gums content mg/100 ml D381 Max
Potential gums mg/100 ml D873 Max
Oxidation stability minutes D525 Min
Copper corrosion D130

Doctor test D4952

Mercaptan sulfur unit mass % D3227

Color D1500

Some required gasoil quality determinations

Quality determination Unit ASTM methods Specification
Water and sediments content % Vol D1796 Max
Water content % Vol D2709 Max
Ashes % Weight D482 Range
Lubricity at 60°C Micron 1SO 12156-1 Max
Total acidity mg KOH/g D974 Max
Conductivity pS/m D2624 Min
Copper strip D130

Total contamination mg/kg D2276 Max

* Total acidity and lubricity are likely to be predicted by NIR.

detailed hydrocarbon analysis is performed at NIR spectra acqui-
sition speed and processing, i.e. about once a minute, 200 times
faster than gas chromotography-based methods. Pyrolysis gasoline
partial hydrogenation is optimized using real-time dienes measure-
ment content. NIR has also been used to determine the ethylene
content in flakes or propylene/ethylene copolymer pellets.'*

Laboratory methods. Because NIR is a secondary method,
it relies on proper quality determinations on the laboratory spec-
trometer with traditional instruments. Prior to any NIR project, it
is recommended to certify the laboratory to ensure that best prac-
tices are used. Particular care must be given to regular instrument
calibration, sampling procedures and sample conditioning (water
content, for instance), and spectrometer cell temperature control.

Spectrometers. The advantages of Fourier transform infrared
spectrometers (FTIR) have been recognized by process plants, in
particular repeatability, robustness (no moving parts) and stabil-
ity. They offer a very high signal/noise ratio.

FTIR spectrometers performances are brilliant, typically:

* Maximum spectral resolution better than 2 nm

* Wavelength accuracy: better than 0.3 nm

* Wavelength repeatability: 0.01 nm

* Cell path length: 500 + 15 pm

e Absorbance repeatability: 5.10~

* Baseline stability better than 1.1072.

Calibration transfers between laboratory and process spec-
trometers are easily achieved, provided precautions have been
taken on identical cell reference temperature and optical path.

Sampling systems. Extractive sampling systems are generally
preferred to in-situ probes for complex applications as they allow
a strict temperature cell control. In-situ probes are essentially used
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in the chemical industry on simple streams that are not subject
to temperature variations and are free of water and solids. Sam-
ple conditioning, such as filtering or water removal is generally
required on oil refinery process streams. Sampling systems can
become quite complex, as shown in Fig. 3, and be a weak NIR
system component from a reliability view point. Together with
the shelters, they are a major CAPEX item, considering sample
extraction, fast loops and sample recovery system. Sampling sys-
tems must also include the reference control and wash chemicals,
generally high-purity toluene and n-Hexane.

Fiber optics. Process spectrometers are frequently multiplexed
on several detectors using fiber optics. Silica-grade fibers used for
telecommunications cannot be used in the combinations domain
because of their high absorption and must be replaced by more
expensive zirconium fluoride grades.

Limitations on sensitivity. Since NIR is not a sensitive
method, it is necessary to use standard ASTM analyzers for the
following quality determinations:

* Densimeter to obtain ASTM 4052 repeatability

* Gas chromtography or other methods for low concentra-
tions (less than 0.5%), e. g., very low benzene or olefins content

¢ Sulfurimeter for very low sulfur content

e Reid vapor pressure (RVP) analyzer if C3 concentration
in the C4 gasoline blending component is subject to significant
variations.

Repeatability and reproducibility. Repeatability is
important for advanced process control strategies, as when satu-
rating constraints. Reproducibility is the main performance
indicator when measuring commercial product quality that
might be re-tested by a third party. In both cases, performance
guarantees must not only be agreed upon prior to NIR project
signatures on both repeatability and reproducibility but also on
the acceptable outlier ratio, measuring the NIR model robust-
ness. The NIR model robustness is the most difficult issue—any
condition that impacts the chemical species must be taken into
account to avoid outliers.

NIR vs ASTM reproducibility results

ASTM NIR ASTM

Quality determination ~ method reproducibility  reproducibility
Cetane number D613 1.9 4.0
Cloud point D2500 2.7 4.0
CFPP D6371 25 35
IBP D86 1.7 85
E95 D86 5.5 8.5
E 250 D86 2.3 6.2
E 350 D86 1.5 3.2
E 360 D86 1.4 1.5
FBP D86 4.2 10.5
Flash point D93 3.6 5.0
Viscosity 1SO 3104 0.06 0.05
Poly aromatics IP391 0.2 1.8
Aromatics IP391 0.3 44
Specific gravity D4052 1 0.5
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Sampling system.

As a consequence, the spectral database population and den-
sification is the most critical NIR project step, as it must cover
such events as:

¢ Crude swings

* New crude imports

* Process unit operating modes

* New intermediate stream imports

* Blend recipe variations

* Additive changes

* Partial process unit shutdowns

¢ Catalyst activity changes

e Seasonal product specifications.

There is a significant initial workload for the refinery labora-
tory to achieve the required database density, but when the models
are properly calibrated and maintained, NIR can provide superior
results, for example on gasoil blending as illustrated in Table 5.

System integration. To capture all its benefits, NIR applica-
tions require a strong integration with many other sub-systems
and they are:

e Distributed control system

* Laboratory information management system

* Advanced process control

¢ Real-time optimization

¢ Instrumentation maintenance

e Analyzer data validation system.

Plant acceptance. Since it impacts the responsibility matrix
between laboratory and maintenance, implementing NIR in a
plant is not straightforward.

The main acceptance criterion is conformance with primary
standards, essentially ASTM and ISO. This must be observed
over a time period, typically six months, to make sure the repro-
ducibility is not affected by operating conditions and seasonal
change of transportation fuel specifications. NIR models should
never be accepted on the basis of calibration statistics that ignore
the practical operation range.!> Another fundamental prerequi-
site to success is to find an NIR champion within the laboratory
staff to not only be the focal point but also to implement the
necessary changes to the work processes.



Maintenance burden. Maintaining FTIR spectrometers
is very easy compared to traditional ASTM analyzers. Designed
originally for space missions, the hardware is extremely robust.
Unfortunately, sampling systems still require attention as they
are likely to plug and/or leak. The most critical task is the NIR
models maintenance burden. The plant laboratory must be
able to absorb the workload of expanding the spectral database
and taking care of outliers. Lacking model support is the first
NIR project failure cause, followed by indefinite re-modeling
(generally due to inadequate chemometrics) and poor reliability
of sampling systems.!® OPEX under-estimation related to NIR
models maintenance is the shortest route to project failure.
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heated cell. Refineries have also tested NIR use to predict the
bitumen penetration quality.!” More recently, new techniques
based on automatic solvent dilution have been implemented on
a laboratory spectrometer at line to provide quality heavy feed
determinations, such as vacuum residues.!® Quality determina-
tions for FCC feeds typically include: density, Conradson carbon
residue, sulfur, total acid number, basic nitrogen, distillation
curve, detailed aromatics analysis and viscosity. Compared to
traditional laboratory analysis, NIR has a significant advantage
by updating at high frequency the quality determinations that
are required by APC and RTO. There is ongoing developmental
work to predict bitumen quality determinations.

NIR advanced applications. The fol-
lowing are some applications that can bring
additional benefits.

Blend indices. NIR spectra contain the
non-linearity information for such proper-
ties as RVD, flash point, distillation points,
octane, cetane, cold properties and viscos-
ity. Therefore, they are used to predict the
blend indices to be used in LP models,
to correct blending recipes, taking into
account heels and to feed-forward real-
time optimal control—all very useful for
in-line certification.

In-line certification. When logistics are
tight, there is a strong interest for loading
products directly from the blender header to
a sea tanker without the need to fill a refin-
ery tank, isolate, sample, analyze and then
release. This in-line certification process
requires accurate, fast and reliable online
quality determinations, exactly what NIR
is providing. The majority of new grassroot
refineries being built in the Middle East
and Asia are planning to use this efficient
procedure.

Additives management. Many additives
are used in the oil refining industry, in gasoil
blending, and may include:

¢ Cetane booster

* Cloud-point depressants

* Flow improver (MDFI)

* Drag reducing agent

* Lubricity improver

e Anti-static

* Oxydation stability

e Wax anti settling

¢ Corrosion inhibitor

¢ Bactericide

¢ Anti-foam.

Presently, NIR provides cetane-booster
and cold-property additive responses.

Using combined NIR and MIR offers a
large potential for optimized additive dos-
age, a signiﬁcant operating cost savings.

Heavy process streams. Early work on
quality determinations of heavy streams by
NIR started with FCC feeds on a labora-
tory FTIR spectrometer equipped with a
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Additional quality determinations. Research is underway
to extend the range and quality determination accuracy, such as
gasoil viscosity, presently on the borderline of ASTM reproduc-
ibility. Potential gums and oxidation stability should be acces-
sible by NIR, at least for indication. Gasoil lubricity is becoming
a constraint with very low sulfur gasoil and could benefit from
NIR in-line determination with additives. Fuel oil and bitumen
blending could be optimized using NIR.

Lube-oil characterization on laboratory spectrometers has
proven feasible and could be extended for on-line use in APC
strategies, in particular, the following units:

* Hydrofinishing unit: % PCA, Conradson carbon, Pour

Point, viscosity index (VI), viscosity

* Dewaxing unit: oil content and slack wax viscosity

e Furfural unit: % PCA, viscosity and % S extract, % PCA,
VI of raffinate

* Deoiling unit: wax oil content.

In-line laboratory. New refineries are becoming very com-
plex in terms of process unit numbers, sometimes over 50. In
addition, the crude slate can be extremely wide in European
refineries. The new export refineries in the Middle East and India
will produce a very wide range of commercial grades, including
up to 15 different grades of gasoil. Quality determination num-
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operations are growing significantly. Table
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300 and 600 quality determinations are
available online, justifying the label “online
laboratory.”

In a recent front end engineering design
(FEED) for a grassroot refinery in the Middle
East, NIR systems were designed to be used
on the 30 streams, as shown in Table 7.

NIR spectrometers have been used so
far on liquid streams. More recently, NIR
tunable diode laser analyzers are being
applied for quality determinations, includ-
ing traces on gas streams.!? The primary
applications in gas processing or liquified
natural gas plants are for moisture analysis,
H,S, CO,, NH; or HCI but TDL could
be used in refinery gas plants, extending
the online laboratory range with very fast
and sensitive quality determinations.



FTIR spectrometer quality
determinations for commercial products

Spectroscopy Europe 13/2, pp. 10-14,
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Extended use of spectroscopic methods
in process plants has been made feasible by
the availability of robust and affordable
hardware and powerful mathematical pro-
cessing of spectral information. New appli-
cations are being developed in all sectors
of the oil and gas industry, allowing real-
time quality control from feeds receipts to
products liftings. The concept of “in-line
laboratory” is becoming a reality. HP
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MAINTENANCE/ROTATING EQUIPMENT

to plant uptime and reliability

uch has been written on the subjects of process pumps,

pipeline pumps and similar mainstream hydrocarbon

processing machinery. Such equipment is obviously
critical to ongoing operations, but little has been produced cover-
ing auxiliary support pumps.

Most rotating machinery within refineries, petrochemical com-
plexes and chemical processing plants requires forced lubrication,
and many process-gas centrifugal compressors and turboexpand-
ers also require forced-oil systems to seal process gas within the
machine. Control-oil systems are also common, supplying an oil
flow proportional to machine speed. Proper system design and
operation of these auxiliary pumps is critical to plant uptime
and reliability, considering 24 months between turnarounds and
24-hr-per-day operation are normal.

Rotating machinery large enough to require forced lubrication
will normally have both main and standby lube-oil pumps. These
can be used for prelubrication before starting the machine, con-
tinuous lubrication while the machine is running (even if a lube
pump, driver or power supply goes down) and lubrication during
coast-down, which can take several minutes or more for very large
machine sets. These oil systems are frequently designed by the
machinery manufacturer, and many are constructed in accordance

Three-way

% in.—150#
F‘t‘.F. flange .

Auxiliary pumps and support
systems for process machinery

Proper system design and operation are critical

J. R. BRENNAN, Colfax Corp., Monroe, North Carolina

with American Petroleum Institute (API) Standard 614: Lubrica-
tion, Shaft-Sealing and Oil-Control Systems and Auxiliaries.

Probably the simplest systems are found on gear-speed reducers
(or increasers) and large centrifugal pumps. The main oil pump
is frequently machine-driven, whereas the standby pump is most
commonly electric-motor-driven.

The standby pump is started before the machine. Once the
machine is up to normal running speed range, the standby pump
is shut down and remains in standby mode. Should the lube-oil
header pressure fall below some setpoint, a pressure switch will
cause the standby pump to start. Fig. 1 shows a simplified sche-
matic of this type of lube system.

The standby pump may be of the external, horizontal type or
of the vertical, in-tank arrangement. Normally, all external pumps
are steel cased to minimize risk of a lube pump case fracture dur-
ing a fire, which might allow lube oil to escape in large volumes
that could fuel an otherwise small fire.

Fig. 2 shows 1,100-hp twin-screw pipeline pumps. Their tim-
ing gears and antifriction bearing system are force-cooled and
lubricated using a small-flow gear pump driven from the outboard
end of one of the pipeline pump’s rotors. An oil reservoir, filter
and air-to-oil heat exchanger complete the system.

In this case there is no standby pump
since the pumping station has full standby
twin-screw pump capacity. Note that driv-
ing the auxiliary pump from the machine it
serves is the most reliable method to ensure

il supply

that power is available to the lube pump.
As long as the machine rotates, the pump
supplies cooling flow. The site location for
these machines, Venezuela, could not readily
provide cooling water for the lube system;
thus the radiator/fan arrangement of the
heat exchanger.

ENGINEERING | DATE Large rotating equipment trains may
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and standby auxiliary pumps. Frequently
the main pump is steam-turbine-driven, if
steam is available on site, and the standby
pump would normally be driven by a con-
ventional AC electric motor.



 E— w—

1,100 hp-twin-screw pipeline pumps with integral lube-oil

T

Turbine/compressor train on test with lube-oil console
(right).

If two AC motors are used for main and standby service, they
should be wired to different power sources so the failure of one
source does not compromise the machinery train. In some cases,
a third “coast-down” pump may be desired, frequently driven
by a DC motor supplied with power from a trickle-charged
battery bank.

Fig. 3 is an overhead photograph of a steam-turbine/hydrogen-
booster compressor train on test. The lube-oil console is to the
right. A pair of double-suction three-screw pumps is at the lower
right, one a motor drive, the other a steam-turbine drive. Each
pump provides about 530 gpm to all the bearings in this four-

MAINTENANCE/ROTATING EQUIPMENT
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Section view of a large-flow double-suction lube-oil pump.

machine train. The installation is at an oil refinery in Jurong,
Singapore.

For cost and efficiency, auxiliary pumps should be sized to
operate at two- or four-pole motor speeds (1,500 to 3,600 rpm),
if possible. This results in less costly pumps and drivers as well as
better pump and driver operating efficiencies. Positive-displace-
ment rotary pumps are usually preferred over centrifugal pumps
for these auxiliary services since they are self priming, do not
become air bound, have very predictable performance and are
simple to control.

Fig. 4 is a small three-screw pump typical for lubricating
smaller rotating machinery. Each wrap of the screw set forms a
chamber, relatively independent of adjacent chambers. Pressure
rise across the pump is effectively staged and causes very low
internal unit loading.

Fig. 5 is a section view of a pump similar to those shown in
Fig. 3. Flow is split equally at the pump inlet and delivered to the
pump outlet in a smooth, continuous manner.

Because of the opposed flow pattern in these pumps, internal
axial hydraulic forces due to differential pressure are canceled.
Radial forces are reacted in the hydrodynamic oil films surround-
ing the pumping screws. These features, together with the pres-

7
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sure-staging effects of the pumping
chambers, result in very long oper-
ating life for this kind of pump.

Most centrifugal process com-
pressors and turboexpanders use
labyrinth or mechanical shaft seals
to contain the process gas, and these
seals frequently are supplied with
cooled lube oil at a pressure just
slightly higher than the gas pressure
at the seal. Depending on the service
involved, the seal-oil pressure can range to 4,000 psi or higher.

Again, three-screw pumps are typically used for this demand-
ing 24x7 service. They are frequently boosted from the lube pump
system, sharing the same oil system. Since the pressure demand on
many of these pumps is much higher than lube pumps, they will
normally have many wraps or stages (up to 12) to effectively resist
internal slip through running clearances and maintain internal
loading at low levels for prolonged operating life.

By far, the most vulnerable time for auxiliary pumps is their ini-
tial startup. The culprit is almost always hard, solid contaminant
in the oil system. Because rotary, positive-displacement pumps are
close-clearance devices, they do not generally survive well in the
presence of pipe scale, weld bead, metal filings, machining chips
and other debris typical of a new installation.

While the served machinery oil flow is usually filtered to the
10-micron range before it reaches critical bearing clearances,
the flow to the pump inlet may go through a strainer that stops

service.

B Auxiliary pumps are small but
important parts of process industry
reliability. Provide them the environ-
ment that they need and they will
provide many years of trouble-free
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particle sizes around 150 microns
or even larger. It is, therefore,
important that new installations be
thoroughly flushed using separate
flushing pumps. Flushing pumps
should be large-clearance centrifu-
gal pumps that can supply system
flows higher than the lube pumps
so the high velocities produced
encourage debris to be moved to
the filters. Once the system is veri-
fied clean, the rotary pumps are ready for use.

Another system problem more common than it should be is
excessive lube-oil aeration. Almost all lube-oil systems gravity
drain the lube oil returning to the oil reservoir, which aerates the
oil during its passage through the machinery served. If the reser-
voir is not properly baffled, this aerated flow will travel directly to
the auxiliary pump inlet where pressure will be lowered more and
the air content by volume expanded. When that occurs, pump
operation can become noisy, erratic and result in system shut-
downs. Severe cases can cause pump damage or destruction.

To reduce aeration, all oil return lines need to terminate below
the minimum oil level in the reservoir. Baffles need to be arranged
within the reservoir to maximize the time that the oil is allowed to
release entrained air before entering the pump again. A 10-min-
ute retention time is a fairly standard reservoir sizing criteria
(minimum reservoir volume equals 10 times the pump flowrate).
Improper or no baffling will defeat the retention time by allowing
return oil to “short circuit” directly back to the pump.

Some rotating machinery will drain lube oil to the machine
sump or, in some cases, the crankcase of a large reciprocating
machine. This oil needs to be pumped, rather than gravity-
drained, to the main oil reservoir. Positive-displacement scavenge
pumps (machine- or motor-driven) are used for this service and
are sized to displace about twice the main oil pump’s rated flow.
These pumps deliver about 50% air and 50% oil at very low
pressure (usually 10 to 15 psig), ensuring that lube oil does not
accumulate in the machine sump.

Rotary positive-displacement pumps can also be used as hydrau-
lic power recovery motors (HPRMs). Processes that reduce liquid
pressure by throttling are prime candidates for dropping pressure
across an HPRM which, in turn, can power a partial-capacity feed
pump or a plant air compressor. Otherwise wasted energy (throt-
tling) is recovered at efficiencies up to 75%. Given today’s energy
costs, HPRMs are well worth their expense.

Auxiliary pumps are small but important parts of process
industry reliability. Provide them the environment that they need
and they will provide many years of trouble-free service. HP

James R. Brennan is a consultant for Colfax Corp. (NYSE:
CFX), a global leader in critical fluid-handling solutions, including
the manufacture of positive-displacement pumps and valves for
oil & gas, power generation, commercial marine, naval and other
industrial applications. Located in Monroe, North Carolina, USA, his
responsibilities encompass worldwide technical support and service for Colfax’s Hout-
tuin, Imo and Warren brand pumping applications. Mr. Brennan is a 1973 graduate
of Drexel University in Philadelphia, Pennsylvania, USA, a member of the Society of
Petroleum Engineers (SPE) and has 39 years of service with Colfax.
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imulation tools are frequently applied to identify critical

operating conditions. Modeling operating parameters will

help ensure better unit reliability. Some operating parameters
cannot be measured directly. In such cases, the parameters are cal-
culated via a model. In a revamp case, simulation models are tools
used to determine project goals. Too often, revamp projects failed
due to incorrect simulations. The author discusses tips to improve
simulation methods when revamping crude vacuum units.

Vacuum units. Many different types of vacuum towers are used
in refineries.! The typical and most common refinery vacuum
unit is shown in Fig. 1. In this vacuum unit, the feed (atmo-
spheric residue—long residue) is separated into two vacuum gasoil
products—light vacuum gasoil (LVGO) and heavy vacuum gasoil
(HVGO). Typically, VGOs are sent to catalytic units for further
processing (conversion).

The refinery’s main objective is to increase VGOs yield to
improve plant profitability. Higher yields mean higher true boiling
point (TBP) cutpoints. At the same pressure, increasing the TBP
cutpoint allows higher heater outlet and flash-zone temperatures.

For catalytic processes using VGOs, there are some limitations
regarding metal content, microcarbon residue (MCR) and/or
asphaltenes of the feed. In this processing operation, increasing
the TBP cutpoint can be done while minimizing the metal con-
tent of the LVGO and HVGO. Process and equipment designs
that minimize the distillation tail will reduce metals.? Minimiz-
ing HVGO metals will dramatically increase catalyst life.> This
problem could become critical, especially for HVGO.

Vacuum unit critical operating conditions. The most
common important problem of vacuum units is coke formation in
fired heater and wash sections. This is a matter that has been dis-
cussed in many articles. Wash-bed coking continues to be a common
problem affecting vacuum unit run length.# In several cases, vacuum
heater and column wash sections coked in less than one year.’

Wash zones continue to coke causing poor HVGO product
quality, low HVGO yield and unscheduled outages to replace pack-
ing.® Nearly every vacuum column operating above a 730°F-740°F
(388°C-393°C) flash-zone temperature has coked the wash section
packing in less than a four-year run.? An inadequate wash-zone
liquid rate is one of the primary causes for coking.” The bottom
of the wash section is kept wetted by flash-zone entrainment. The
top of the packing is wetted by the wash oil flowrate.?®

Consider practical conditions
for vacuum unit modeling

A good simulation model is a tool that reveals critical operating
conditions and can be applied to daily operations

R. YAHYAABADI, Esfahan Oil Refining Co., Esfahan, Iran

Preventing coke formation requires sufficient wash-oil flow to
keep the middle of the packed bed wet; otherwise, high-residence-
time stagnation zones are created.* Coke forms in the middle
because it is the only part of the bed that is not wetted.* Coking in
the middle of the wash zone has been discussed in the literature.””
Wash-zone efficiency has a large effect on the HVGO quality. Small
changes in the 95 vol% EP distillation tail have a large impact on
GO product metals.? Increasing wash-section efficiency can reduce
the GO product 95 vol% EP distillation tail and metals.?

Coking in the heater outlet is a common problem.> Coke forms
inside the radiant section tubes of the vacuum heater, because the
oil film flowing along the inside of the tube exceeds the tempera-
ture and residence time needed to initiate thermal cracking.5 So,
controlling the oil-film temperature and residence time is essential
to minimizing coke formation.>

Vacuum unit design. Vacuum unit design can influence
VGO yield, product quality and run length.? When designing

To vacuum system

Vacuum | LVGE

column

—————— b HVGO

Juuuuul_L ]

Feed — - :
' Wash zone — Wash oil
Collector tray —_]
Fired Vapor horn —f
ire
Fuel Steam
—_—

VRES

Flow diagram of a typical crude vacuum unit.
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a vacuum unit, special attention should be paid to these critical
points. Vacuum unit product yields and critical operating condi-
tions must be accurately predicted. Features of the system are
the heater outlet, transfer line, flash zone, collector tray below the
wash section and wash-section column internals.* Other parts of
the vacuum column are straightforward and well understood.*

Often, the design of the wash section is considered a trivial
item; yet, process and equipment design issues surrounding the
wash section are complex.” Wash-zone packing coking is caused
by poor feed characterization, process modeling and equipment
design.” Wash-zone design and operation are not trivial issues.”
Predicting total VGO yield, operating temperature at the heater
outlet and flash zone and wash-oil flowrate needed to prevent
coking are critical design parameters.® Transfer-line, flash-zone
and wash-section designs influence the coking rate in the wash-
section internals. !0

Vapor and liquid feed enter the column at velocities as high
as 380400 ft/sec.**8 The vapor phase contains small droplets of
VRES that have been generated in the transfer line. The droplet
size is too small to allow settling in the transfer line because the
velocity is too high.#®8 Hence, the flash zone and wash sections
need to remove the entrainment.® The flash-zone vapor horn and
flash zone help remove larger droplets and distribute the rising
vapor across the column cross-section.® By uniformly distributing
vapor, the high-velocity areas are minimized, allowing the packing
to remove essentially all of the small droplet residue.®

In the vacuum uni, the transfer-line critical flow expansion,
flash zone vapor horn and wash-section internals determine the
amount of entrainment.? The quantity of entrainment on a unit
varies according to the flash-zone design, flash-zone height, trans-
fer-line velocity, etc.” Poorly designed transfer lines with high
pressure drop critical flow expansions at the column inlet nozzle
generate fine mists that are difficult to remove.? Yet, the entrain-
ment can be almost eliminated through prudent transfer-line and
column internal designs.”

While entrainment from the flash zone contains high metals,
concarbon and asphaltenes, the amount of entrainment should
be minimized as much as possible. Transfer-line, flash-zone
and wash-section designs influence the HVGO concarbon,
metals and asphaltenes content through their impact on Vac-
uum residual (VRES) entrainment.'? The wash zone removes
entrained residue from the flash-zone vapor and provides some
fractionation of the HVGO product.”® So, in the vacuum col-
umn design, flash-zone vapor entrainment and its effect on the
wash zone should be considered, and the HVGO quality has
to be calculated. Depending on the design, flash-zone vapor
entrainment can enter the wash bed. Since the wash-section
internals remove entrained VRES from the flash zone, liquid on
the collector tray below the wash bed consists of true over-flash
plus removed entrainment from the flash zone.* This liquid is
always referred to as slop wax.

Vacuum unit model. According to the mentioned criteria,
the critical sections of the vacuum unit are the fired heater, trans-
fer line, flash zone and wash section. Modeling other compo-
nents of the unit are not complex and can be simply made and/or
predicted. When building a model to estimate critical operating
parameters, some simulation exercises are needed. But the problem
is: Can we believe the simulation results?

The only way to ensure that the model is representative of the
vacuum unit is to verify it against measured plant data.* Estimat-
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ing the pressure profile accurately throughout the heater and
transfer line is important, because the heater-outlet and transfer-
line pressures are used in the process model.*

Estimating the heater-outlet and transfer-line pressure profiles
accurately requires a model that is capable of rigorous tube-by-
tube heat transfer and accurate two-phase flow calculations.*
Calculated phase regimes in the transfer line are either stratified
or stratified wavy.®10 Stratified phases cause the liquid and vapor
to have poor mass and energy exchange across the interface.$
Thus, liquid and vapor contact is poor.® Since the transfer line
consists of large-diameter piping, the liquid and vapor separate
in the horizontal section of the transfer line, vapor flows along the
top of the pipe and liquid flows across the bottom. %8 Transfer-line
vapor becomes superheated due to pressure reduction as the two
phases approach the flash zone.* Phase separation causes super-
heated vapor to flow through the top of the pipe and colder liquid
to flow on the bottom.!? Thus, the vapor and liquid entering the
flash zone are not in equilibrium.*#

Assuming that the liquid and vapor entering a vacuum-column
flash zone are in equilibrium is a critical mistake.* Transfer-line
phase separation increases the amount of wash-oil flow needed to
prevent coking, because the wash oil vaporizes more of the wash
liquid.4 In reality, accounting for transfer-line phase separation
raises the wash-oil flowrate by 200% to 300% over conventional
modeling practices that assume liquid and vapor leaving the trans-
fer line are in equilibrium.?

Often, the vacuum unit is modeled assuming that the liquid and
vapor in the flash zone are in equilibrium.” Assuming that the flash
zone is in equilibrium, this position will cause the calculated wash-
oil rate to be too low.!? The vapor/liquid equilibrium may exist at
the heater tube outlet, but it does not exist in the flash zone.”

A practical approach to modeling transfer lines and vacuum
columns that better predicts yields and other critical operat-
ing parameters requires that the model to be segmented into a
number of operations before the vapor enters the column wash
section.* Using multiple unit operations allows estimating the
non-equilibrium nature of the system.*?

Evaluating different vacuum unit models. As men-
tioned earlier, the sections that are important and critical that
require to be accurately simulated are heater outlet, transfer line,
flash zone and wash zone. Other parts of the vacuum column are
straightforward and well understood. While the entire unit will
be simulated, we will only use these listed sections to analyze and
evaluate different models. To evaluate different cases, simulation
models were made according to these rules:

* Two theoretical stages were applied for the wash bed.

¢ The heater outlet temperature was set for a TBP cut point of

Simulation results of an ideal model
(equilibrium in the transfer line and no entrainment
to the wash zone)

< o v

- -
g %5 s o BE U
- = £ s S = S
—< eS< =g & a8 ¢
BT 55 SES o i T
<& ETZ vaT Q o 97 o
g £58 R®EE g g 8= ¥
=c =R= z R:= T T s >
165 25 Bottom of 564 584 20 533

wash zone



1,000°F (538°C) on the HVGO cut. The heater outlet was within
the normal range for such a TBP cutpoint.

¢ All slop wax was sent to the top of the stripping section.

* Flash-zone pressure, transfer-line pressure drop and, conse-
quently, heater-outlet pressure were fixed for all cases.

* The amount of entrainment from the flash zone is the same
in all cases.

¢ The tower top pressure and temperature for all cases are the
same.

¢ The same amount of stripping steam was used for all cases.

* The same number of theoretical stages was assumed on the
stripping section.

* A minimum wetting rate of 0.15 gpm/ft? for the wash zone
was set on all cases.

At the first step, an ideal model is considered and simulated. In
this ideal model, we will assume that the liquid and vapor phase
entering the tower flash zone are in equilibrium and that no phase
separation occurs in the transfer line. Also, complete phase separa-
tion in the flash zone is considered (no entrainment). Table 1 lists
the simulation results.

Another case is an equilibrium transfer line (TL) with a non-
ideal flash zone (FZ) (considering an estimated amount of entrain-
ment). But the problem is how the entrainment could be entered
into the simulation model. To answer this question, it is necessary
to go through the process of what is happening in the vacuum-
tower flash zone. The vapor and liquid phases from the transfer
line enter the flash zone. Due to high velocity, a considerable
portion of the liquid is dispersed into the vapor phase as large
and small droplets. As mentioned eatlier, the large droplets are
removed by the flash-zone vapor horn and the flash zone. The
wash zone removes small entrainment droplets from the flash-
zone vapor. Accordingly, the entrainment is the small droplets
that are coming up with the flash-zone vapor.

In the wash section, the small droplets are removed from
the vapor phase. The removed droplets with the wash oil (over
flash), as a liquid phase, come down to the collector tray below
the wash zone. De-entrainment could happen in the middle of
the wash section. Thus, the entrained droplets could come up to
the middle of the wash-zone packing. In fact, from the bottom
to the middle of the wash-zone packing, the vapor phase from
the flash zone is in contact with the remaining wash oil, and the
separated droplets that are now coming down as a liquid phase
to the collector tray below the wash section. If the wash section
is simulated by this viewpoint, the result should be proved with
the reality of the vacuum tower.

The simulation result of the tower, considering that the liquid
entrainment comes up to the middle of the wash section, shows
that minimum wash-zone liquid flow happens just in the middle
of the wash zone. As mentioned before, coke is always formed

Simulation results of equilibrium TL with
entrainment to the wash zone
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in the middle of the wash zone. While the middle of the wash
section is prone to coking, it means that minimum liquid flow is
occurring. Thus, simulation results that include entrainment in
the middle of the wash section are in complete agreement with the
actual performance of the crude vacuum-tower wash section.

So, an estimated amount of entrainment should be considered
in the simulation model. Table 2 shows the simulation results for
this case.

When compared against the ideal model, except for the
minimum wash-zone liquid flow, no considerable changes have
occurred. In the equilibrium TL, entrainment from the flash
zone has little effect on tower operating conditions and product
specifications for HVGO and VRES. The minimum wash-zone
liquid for the ideal flash zone (no entrainment) is 25 m?/hr. This
is true over flash. For the non-ideal flash zone (entrainment with
the flash-zone vapor outlet), the minimum wash-zone liquid is 48
m?/hr, which is not a true over flash. The entrained liquid droplets
from the FZ contain coke particles.

When the droplets contact the wash-zone packing, coke parti-
cles transfer onto the packing surface. Liquid flow in the bottom of
the wash section is sufficient to remove the coke particles, and the
coke is transferred with the liquid. Bug, in the middle of the wash
section, conditions are different. Here, liquid flow is minimal.
If this flow is not sufficient, coke particles are not washed away.
In such cases, the coke particles accumulate in the middle of the
wash section. By this view, the minimum wash liquid flow should
be calculated based on the required liquid flow to remove and to

Simulation results of non-equilibrium TL with
no entrainment to the wash zone

4 SY
: §: v Eg v
© - =u
_E gZE &g 2 R
) ME 5.z £ hS] lg s (5] W o] g =
< = EQ = P o o o9 i
R EE2% g g5 o 8 gl =
== =R= a2 T T zE =
144 9 Bottom of 577 598 21 523
wash zone
Wash oil
|——
Wash
Transfer line zone
vapor
Furnace
outlet ¥_/

Transfer
line

Entrainment r
Transfer Iy > W

line liquid

Overflash

Splitter

Steam
—_—

Stripping
section

VRES

Multiple unit operation for a non-equilibrium transfer line

model.

HYDROCARBON PROCESSING MARCH 2009 | 71



PROCESS DEVELOPMENTS

@

Wash oil
—————

Wash

Transfer line zone
vapor

Furnace
outlet

Transfi
Flash | "o

Entrainment

Stripping
section

Steam
— >

VRES

Multiple unit operation for a non-equilibrium transfer line
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Simulation results of non-equilibrium TL with
entrainment to the wash zone (modified model)
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wash zone

transport coke particles from the wash-bed packing surface and
layers. This required liquid flow would be much higher than the
minimum liquid flow to prevent the wash bed from drying out.

It is obvious that, the higher the FZ temperature, higher coke
particles will be produced. Actually, when the coke particle con-
tent of the entrained liquid droplet is increasing, the required
liquid for washing, removing and transporting the coke within the
wash-zone packing should be sufficient. If the liquid flow is not
sufficient, then the coke particles can accumulate. Consequently,
the wash bed will coke up soon. For these conditions, nearly every
vacuum column operating above a 730°F-740°F (388°C-393°C)
flash-zone temperature has lost wash-section packing due to coke
in less than a four-year run.?

A model has been proposed to address this non-equilibrium
system.>* Fig. 2 shows a schematic of this model. In this model,
vacuum unit operations consist of a simple exchanger (fired
heater), with the outlet temperature determined by the HVGO
cutpoint target. The heater outlet pressure depends on the trans-
fer-line pressure drop and whether parts of this line operate at
critical two-phase velocity.

The transfer line is modeled as an adiabatic flash, with the
pressure set at the same pressure as the first large horizontal sec-
tion of the transfer line. Liquid and vapor from the transfer-line
flash are separated into two streams. The transfer-line liquid
stream is split into an estimated flash-zone entrainment and
flash-zone liquid feed.

The column flash zone is modeled as a simple flash if it does
not have a stripping section or as a distillation column if it has

72 ‘ MARCH 2009 HYDROCARBON PROCESSING

Simulation results of non-equilibrium TL, non-
ideal flash zone and no entrainment to the wash zone
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Simulation results of non-equilibrium TL,
non-ideal flash zone with entrainment to the wash zone
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wash zone

a stripping section. The wash and pumparound sections of the
vacuum column are modeled using a standard distillation col-
umn model. The bottom-product stream from the distillation
column is the true overflash. Entrainment and overflash feed an
adiabatic flash, with the operating pressure set at the pressure of
the collector tray located above the flash zone. Vapor feed to the
wash section consists of transfer line vapor, collector tray vapor
and flash-zone vapor.

In this model, the maximum phase separation in the transfer
line has been considered. And, consequently, super-heated vapor
enters the column. As seen in Fig. 2, entrainment was allowed,
but no contact between removed entrainment liquid and vapor
from the flash zone has been considered. Based on this proposed
configuration, a simulation model was prepared and run. Table 3
summarizes the results from this simulation.

From Table 3, the results show, using this arrangement and with
the same heater outlet, the wash-oil rate and minimum wash-zone
liquid flowrate were largely decreased. Also, the HVGO 95% and
EP increased. Conversely, a large drop in the VRES 5% occurred.

There are some discrepancies between the proposed arrange-
ment and the real FZ (Fig. 1) configuration:

1. By the recommended model, no contact between the liquid
stream, which is produced from de-entrainment action of the
wash zone, and vapor from the flash zone was considered.

2. Conversely, by using this model, the minimum wash-sec-
tion liquid flow occurs in the bottom of the wash zone. In fact,
this model could not predict coking of the middle of the wash-
zone packing.

3. The transfer-line vapor and liquid with the stripper-section
vapor outlet (strippout), are already in contact with each other in
the real flash zone. As mentioned before, the vacuum tower flash
zone is not an ideal stage. So, the heat and mass transfer at this
stage could not be done up to a theoretical stage (vapor and liquid
outlet in equilibrium). Bug, in the proposed model, they meet
each other at the theoretical stages.

To correct the proposed model for discrepancies Nos. 1 and
2, modifications on the liquid entrainment could be considered.



The modified proposed model is shown in Fig. 3. Table 4 shows
simulation results for the modified model. This simulation shows
that, for the modified model, the minimum wash-section liquid
flow occurs in the middle of the wash zone.

Contrary to the equilibrium TL model, the effects of entrain-
ment on the operating conditions and HVGO specifications are
considerable and are important for non-equilibrium TL models.
As seen, the entrainment to the middle of the wash section in
the model causes the wash-oil rate, and minimum wash-zone
liquid flow increased from 144 m?/hr to 164 m3/hr and from
9 m3/hr to 42 m3/hr, respectively. The results also contain a
considerable reduction in HVGO 95% and EP while the VRES
5% increased.

All of the data express improvement in fractionation. In fact,
any contact of the superheated vapor from the flash zone with the
liquid from the de-entrainment action of the wash zone causes
gains in fractionation. This is true because superheating of the
vapor phase in the transfer line occurs due to phase separation,
which causes poor mass and energy exchange; thus, any con-
tact between the vapor and liquid can lead to equilibrium. The
maximal separation and fractionation are done when the transfer
line vapor and liquid are in equilibrium. In this case, there is
non-equilibrium TL, which produces super-heated vapor at the
column inlet.

Unlike the expectation, the existing entrainment is useful in heat
and mass transfer point because it approaches the conditions (sys-
tems) to the equilibrium. But plugging of the wash-zone packing is
very harmful and has caused unscheduled unit shutdown repeatedly
and/or periodically. Entrainment from the flash zone can plug off
the wash-section packing because it contains coke particles.

By modifying, two discrepancies were solved. Yet, there is one
more item to be resolved. This point is the non-ideal flash-zone

Simulation results for the case that all
non-idealities have summarized to the FZ stage without
entrainment to the wash section
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stage. A model is presented in Fig. 4 to solve this problem. In this
model, the phase separation and, consequently, super heating of
vapor in the transfer line is considered. The vacuum tower is mod-
eled according to the standard simulation route.

But, to compensate for non-idealities of the flash zone, a
non-equilibrium stage is determined. A model was developed to
simulate this case. The simulation was adapted to have the same
amount of overflash to meet the specified minimum wetting rates.
Table 5 lists the simulation results for this case. The simulation
results show some interesting points. In comparison to a similar
model (the proposed model in Fig. 2), the lower wash-oil rate
was calculated as 144 m3/hr as compared to 137 m3/hr or the
equivalent to 5.1%. The changes in the HVGO specifications and
VRES specs are not too much.

In this model, entrainment from the FZ to the wash section
could be considered. In this case, a model will be made as shown

Simulation results for the case that all
non-idealities have summarized to the FZ stage with
entrainment to the wash section
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and a non-ideal flash zone in the non-ideal stage for the
flash zone with no entrainment to the wash zone.
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Summarized conditions for a non-equilibrium transfer line

and a non-ideal stage for the flash zone with entrainment
to the wash zone.

in Fig. 5. This model has all of the non-idealities for the transfer
line and flash zone. The flash zone non-idealities consist of non-
ideality in phase separation, and heat and mass transfer. It seems
that the model (Fig. 5) could manage the realities found in crude
vacuum towers.

Simulation results of this model are listed in Table 6. Again
a noticeable change in the minimum wash-zone liquid flow
occurred—137 m3/hr compared to 155 m3/hr or equivalent to
13.1%. Also, decreases in HVGO 95% EP and increases in VRES
5% are considerable. Likewise, in the previous case, entrainment
to the middle of the wash section can compensate for many non-
idealities in the TL and FZ and help the unit approach equilib-
rium to improve fractionation. This is obvious in simulation
results, as shown in Table 6.

The question now is: Is it possible to summarize all non-ide-
alities of the TL and FZ in mass and heat transfer to the assumed
non-ideal stage for the FZ? To answer this question, the model
from Fig. 6 is considered. This model was simulated, and the
results listed in Table 7. This simulation was done to have the
same amount of overflash. The results are exactly similar to the
case when phase separation is considered for the transfer line.

For this case also, if entrainment from the FZ to the wash
section is considered, a model as shown in Fig. 7 should be used;
Table 8 lists simulation results for this case. The values from Table
8 are exactly similar to a case in which the non-idealities were
addressed in the TL separately.

What should technology do? As scen, considering the
entrainment from the flash zone to the middle of the wash section,
it corresponds with actual experiences from the crude vacuum
unit in many refineries. Furthermore, phase separation in the TL
and, consequently, creating superheated vapor at the tower inlet
has been discussed. According to the presented study, entrainment
from the FZ is not totally undesirable. In the non-equilibrium
TL, the liquid and vapor phases do not have sufficient mass and
energy exchange. In this case, the de-entrainment action of the
wash section provides another opportunity for more mass and
heat exchange between the liquid and vapor phases from the
TL to approach equilibrium. Therefore, it is an improvement
because, in equilibrium, maximum mass and heat transfer occur.
Alternately, entrainment can plug the wash section due to coke
particles caused by cracking.

Plugging the wash section causes low quality and yield of
VGOs; all reduce plant profitability. Plugging of the wash section
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is one of the worst events in a vacuum unit and requires unit shut-
down to replace packing. So, although entrainment may push the
system to higher yields or quality (in mass and energy exchange
points of view), it can plug the wash section of the tower.

According to the presented study, under equilibrium for the
TL, no change will occur if entrainment is considered. When
the equilibrium TL provides vapor and liquid phase in the equi-
librium state and maximum mass and energy exchanges have
occurred, no more mass and heat transfer can be expected. So,
while the desirable effect of entrainment could be achieved by
equilibrium transfer line, it is offered to eliminate the entrainment.
New technology should address these goals:

* Provide equilibrium transfer line

* Provide a suitable flash-zone arrangement and vapor horn to
eliminate entrainment from the flash-zone vapor outlet as much
as possible.

Currently, there are many designs for flash-zone arrangements
and vapor horns to eliminate entrainment. In some, the center
inlet is recommended; in others, a tangential type is offered. In
addition, the flash zones are available in different designs to remove
entrainment from the flash-zone vapor outlet. Some designs are
found in the open literature while the others are patented. Again,
if the flash-zone arrangement is designed to remove entrainment
without any attempt to maintain equilibrium in the transfer line,

then the quality and/or yield of the VGOs will drop.

Options. When simulating crude vacuum units, some non-
idealities must be considered. When developing a model based on
these non-idealities, these non-idealities must be identified and
understood. The next step is to incorporate these non-idealities
into the simulation model. While there are many options and
alternatives to develop simulation models, in some cases, a simple
model may be offered instead of sophisticated ones. As shown here,
by a simple non-idealities assumption, a model was developed that
is completely consistent to the real performance of the tower. HP
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the DMC chasm

ynamic matrix control (DMC) is a type of model-based
process control (MPC) that uses an explicit plant model
derived from plant tests. It has been over 25 years since
information about the first industrial applications of DMC
appeared in the open literature. Since then, hundreds of papers
and many books have been published on the topic of MPC or
model predictive control (MPC).
Every new edition of all process control books typically has
a chapter devoted to MPC. DMC
experts and some plant process con-
trol engineers and operators involved
in the entire implementation cycle
of a DMC project seem to be com-
fortable with the technology. How-
ever, typical responses we get from
board operators (who run the units)
include:
* DMC probably makes money
for the unit, but we are not sure how.
* After a recent thunderstorm,
the controller went crazy!
* Sometimes I expect it to increase the flow, yet it seems to
raise the pressure. I am not sure why.

The gap. With such a long history and ubiquitous presence in
process plants, one would have expected a higher level of knowl-
edge and acceptance of dynamic matrix controllers among opera-
tors and process engineers. This does not seem to be the case.
Possible reasons for this gap include:

¢ The technology is complex. This was recognized and dis-
cussed by Cutler, et al., in the early 80s.! Even today, some “die-
hard” purists sense a high degree of risk in attempting to try to
get everyone on board. Their advice is to let the experts handle
the problems.

* In a typical DMC project, 80% or more of the investment
goes into the initial model identification, tuning and commis-
sioning part of the project. The assumption is that if designed and
tuned correctly the controller should run relatively maintenance-
free for a long time. While this is a reasonable assumption, it does
not mitigate the anxiety among the operators who run the units.

* Recognizing the maturity of the core technology, MPC
software vendors have shifted their emphasis from knowledge
transfer to enhancements such as using state-space modeling, bet-

B "Initially, the operators need to
know the what and, to some extent,
the why. Understanding the how
will then happen with time."

—Ricardo Lecompte P,
operations supervisor,
Ecopetrol, Cartagena, Colombia

From dynamic ‘mysterious’ control
to dynamic ‘'manageable’ control

Instructional design strategies and delivery methods for bridging

S. M. RANADE and E. TORRES, RWD Technologies LLC, Houston, Texas

ter estimation of tuning parameters, newer techniques to deal with
integrating systems, integration with neural networks, etc. These
areas of research are clearly needed to maintain their competitive
edge but have not helped address the discomfort of newcomers
to the technology.

¢ Traditional DMC courses have focused on training the site
specialists and process control engineers on how to use the soft-
ware but not on the operators who run the unit. The courses in
the past have focused more on prod-
uct features than on learners’ needs.

* Since its inception over 25
years ago, a new generation of opera-
tors and engineers has started work-
ing at the sites where the technology
was implemented. At many sites, the
specialists are gone and knowledge
about DMC implementations has
been orphaned.

Proposed solution. Michael
Buckland and Doris Florian in their
paper on intelligent information systems identified four courses
of actions when the complexity of a task strains or exceeds one’s
expertise: education, advice, simplification and delegation.?
MPC software vendors are actively engaged in investigating
ways to improve user interfaces.> Many universities have created
process control labs to improve their students’ familiarity with
the technology.* We decided to approach the problem from a
training perspective.

Different perspective. Instead of comparing monitoring a
dynamic matrix controller to performing a brain surgery which
made sense more than 25 years ago when Dr. Cutler and other
pioneers’ in the field were applying it in plants with limited
computing power and high perceived risks, we began by asking
a different question: “What if running a DMC application was
more like driving a computer-controlled car?”

For operating and maintaining such a vehicle, one does not
have to be an expert on the design and tuning of the computer or
the engine. Yet, having a foundational understanding of how the
computer and car work together would clearly be beneficial to
everyone involved. This different perspective seemed to resonate
well with users and lead to developing a DMC course.
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Target audience, objectives. Using the terminology intro-
duced by Guy Boy,° we selected two goals for the course: increase
user knowledge to improve cognitive stability and use simplifica-
tion to reduce perceived complexity. The most important step in
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instructional design is to ask: “Who will take this course?” We
selected the board operators and new plant engineers as our initial
target audience and set the following objectives for the course:

On course completion, the students will be able to:

1. Communicate more precisely about DMC

2. Show a measurable improvement in their ability to monitor
their unit with DMC on it

3. Show an improvement in their ability to diagnose a prob-
lem in their DMC-controlled unit.

With a known learner-profile and defined objectives, we broke
down the content into units and selected a sequence and delivery
methods. Two instructional design strategies and two instructional
delivery methods got high ratings during the initial test runs of the
course. The two instructional design strategies are:

e Simplify content to match learner needs

* Equip students with alternate schemas to validate new
knowledge.

The two instructional delivery methods are:

= Use humor and metaphors

= Use dynamic interactive motion graphics elements.

These strategies and methods can be easily extended to improve
the training effectiveness for other DMC-like advanced technolo-
gies and are the main focus of the rest of this article.

Simplify content. A literature review reveals that most
articles on MPC are written for application developers and
include details such as model horizon, control horizon, predic-
tion horizon, move suppression factors, coincidence points,
etc., that are of minimal interest to operators and new process
engineers trying to learn the technology. However, simplifica-
tion is a double-edged sword as illustrated by the well-known
maxim called Ockham’s razor.” Cognizant of the requirement
that any simplified representation of DMC should not preclude
future in-depth understanding of the application, we created a
“simplified” overview derived from numerous textbooks and
papers®13 and shown in Appendix A: How DMC works. The
common terms used in association with DMC applications
are defined in Appendix B: Glossary. Fig. 1 is an example of a
system representation appropriate for our situation. The main
concepts that must be understood by the learner are marked
with the “key” icon.

Use humor and metaphors. The operators we interviewed
felc challenged by the language and terminology used in connec-
tion with DMC applications. As reported by Benedict Carey in
The New York Times, researchers have found that the human brain
has a natural affinity for narrative construction. 14 Also, emotional
memory has been recognized as the most effective pathway to
long-term retention.!

Author Marc Prensky coined the phrase “digital natives” to
represent the new generation of high school and college gradu-
ates.'® According to Prensky, this new generation prefers games to
“serious” work. So, instead of simply listing the DMC vocabulary,
we decided to leverage the power of stories, metaphors and humor.
We created a story called “The life of Beauford—A DMC inter-
pretation.” Figs. 2 and 3 illustrate snapshots of Beauford’s life in
his early 20s and in his mid-50s.

For example, to illustrate the concept of equal concern error,
we stated that one phone call from his ex-wife’s lawyer, a 5-mpg
drop in his car’s mileage, a 10-point drop in his son’s grade and
a $500 drop in his bank account were all viewed by Beauford



B "Humor and use of interactive models
in this course helped me overcome an
internal barrier to learning."

—M aria Helena Calvachi, sr. process
engineer, Ecopetrol, Barranca, Colombia

as deviations worthy of equal concern. The learners who saw
Beauford’s story were able to quickly grasp and recall in their own
words concepts such objective function, manipulated variable
(MV), controlled variable (CV), disturbance variable (DV') and
even specific terms such as CV ranks, equal concern error and
dynamic equal concern error.

Use dynamic interactive motion graphics. Digital
natives, who will soon be joining the process industry, grew up
playing video games and learn by interacting with the content.
DMC has the right level of complexity to explore the use of
“motion graphics” in training. The availability of simulation soft-
ware,!” animation programs and other graphics tools has also made
it easier to incorporate motion graphics in teaching. Here’s an
example that illustrates the role and importance of animation.

Consider the problem of optimizing the number of light- and
heavy-duty engines'® manufactured by an aircraft manufacturer
using facilities in Abilene (A), Texas; Birmingham (B), Alabama;
and Calgary (C), Canada. The light engine is made with parts
produced in plants A and B. The heavy-duty engine is made with
parts produced in plants B and C. As shown in Table 1, there are
constraints on the availability of the three facilities. The objec-
tive is to find the mix of light- and heavy-duty engines that will
maximize the weekly profits.

Traditionally, linear programming (LP) courses use static para-
metric graphs such as the one shown in Fig. 4 for introducing the

Engine sales optimization
Constraint: Abilene, Birmingham and Calgary

profit contours
10 7 N N
9/ % — B
8% // — 3x+2y<18

== Profit of $ 1,200,000 | |
=== Profit of $ 2,700,000
=== Profit of $ 3,600,000 | |
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Parametric plot to illustrate LP concepts.
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Data for LP example

Prod. time per Prod. time per ~ Max. time available

Plant light engine  heavy-duty engine per week
Abilene 1 0 4
Birmingham 0 2 12
Calgary 3 2 18

Profit per engine ~ $300,000 $500,000

concepts like constraints, feasible region, etc., and to demonstrate
that the maximum value of the objective function always occurs at
a vertex of the graph. Since operator adaptation to DMC requires
a shift from sensor-motoric mode to a cognitive mode,® we sup-
plemented the traditional approach with an interactive approach
to allow the learners to experience the “what if scenarios:” What
if the plant availability of the Birmingham plant decreased by an
hour per week? What if the profitability of each heavy-duty engine
decreased by $100,000?

In the initial tests, the students were quickly able to discover
and explain that their changing of the plant availability had an
immediate impact on the size and shape of the feasible region for
optimization and that although they changed the conditions the
optimum still occurred at a vertex of the graph. You may try this
yourself by going to: http://elearning.rwd.com/dmc.

This “interaction” approach to be ideal for introducing “time-
dependent” concepts such as dead time and inverse response and
to enable learners to experience how narrowing down the range
of reflux or steam rates in a distillation column would constrict
the movement of a dynamic matrix controller.

Equip students with alternate schemas. Many years
ago, when I was a graduate student, I had calculated a heat trans-
fer coefficient for a heat exchanger. I shared the result with my
advisor, Dr. Prengle. He did a quick “back of the envelope” cal-
culation and told me that I might have missed a decimal point.
He was correct.

For true learning to occur, the learner has to process, cross-
check and validate new knowledge by some alternate means. Some
of this knowledge validation happened, as in the case of the late
Dr. Prengle, through years of experience. When faced with a new
technical problem, my natural instinct is to use the language of
mathematics to analyze the situation. Operators and engineers

Parameter Change Change DMC response
Operator-entered limits @® > @ Feasible region
CV upper limit = CVlower > © Feasible region; CV at

limit setpoint
No. MVs = no. of Cl/s Unique solution

)

No. MVs relative to no. CV/s > ® Scope for economic
optimization

No. MVs relative to no. CV/s - Give up on some CV
limits by priority

Importance of that limit
Use of that MV (resource)
Feasible region; give up
on some Cl/s.

Number of CV/s @ limits

LP cost
No. MVs constrained

®
®
ECE for CV limit (tolerance) (@ —
®
®

No. of available MVs = - =

New DMC tool: parameter relationship diagram and

description.
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Bottoms
cooler
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mw - @ % product
cv
Bottoms
2,500 ppm dD cooler

A distillation tower example originally presented by

Hokanson, D.A. and J. G. Gerstle."?

new to DMC do not have the benefit of vast experience or other
internal reference or a mechanism to crosscheck and validate the
actions of DMC.

To move their learning about DMC from Bloom’s recall level
to analysis level, they need some “back of the envelope” type
tools. Of course, if one could easily do “quick” calculations to
get the same answer as that found by DMC, one would not
need DMC. The true benefits of technologies like DMC are
in their power to find “non-intuitive” but optimum solutions.
One approach that might accelerate this “knowledge internal-
ization” process is to provide “learner-appropriate” tools that
would enable students to make at least qualitative sense of the
actions taken by the controller. Such an approach would move
the student from simply the “know what” to the “know why”
state of learning.

Our understanding of the learning styles and preferred infor-
mation processing methods of operators and new plant engi-
neers matches closely with the empirical theory of intelligence
developed by Elliott Jacques.!” Recognizing that most new board
operators are comfortable with a “symbolic verbal” (vs. abstract
conceptual) style of learning and have experience in declarative,
cumulative and serial methods of information processing, we
developed two “cognitive” tools and a recipe-type “what if analysis
strategy” that uses the two tools. One of these tools—parameter
relationship diagram and description—for DMC is illustrated
in Fig. 5. An example of the application of the two tools and the
“what if analysis strategy” to a refinery distillation column (Fig.
6) is presented in Table 2.

These instructional design strategies and delivery methods
increase user knowledge and decrease the perceived complexity
of DMC. The techniques can be easily extended to designing
and delivering training for other DMC-like mature complex
applications. HP
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What if analysis strategy example

Unit (Fig. 6) 1. Meet overhead product specs.
objectives: 2. Meet bottom product specs.
3. Minimize energy consumption.
For the unit
CVs— ppm heavies AP as proxy ppm lights
in OVHD for flooding in bottoms
LP costs Mvs
10 Steam flow SP ® ® ©
5 Reflux flow SP ©) ® ®
DVs
Feed rate FI ©) ® ©)
CV priorities
Group 2 1 2
Upper limit High High Medium
Lower limit Low Low Low

Question: What if the flooding constraint becomes active?
Analysis: e Under normal operating conditions, the DMC controller has 2 CVs
and 2 MVs

e From Fig. 5, No. MV/s = No. CV/s — Unique solution. Also, No.
of available MVs = No. of CV/s at constraint. i.e., the product
specs are being met.

* The flooding constraint active — loss of a degree of freedom.
* The controller has to give up on one of the two product specs.
* From Fig. 5, (D) CV priority — (1) in feasible region.

¢ The controller will give up on the ppm lights in bottoms
constraint but maintain OVHD purity.

¢ Since the LP cost factor for steam is higher than that for reflux,
the controller will first reduce steam and then cut reflux to
meet the LP targets.
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APPENDIX A: HOW DMC WORKS#13

In DMC, the dynamic matrix is generated from the plant step tests. The
identification process begins with understanding the unit objectives and selection
of the MVs, CVs and DVs. The step tests are conducted to capture data (numerical
and graphical) regarding how each controlled variable responds to a step change
in each manipulated variable. The unit step response curves are then used as the
prediction model.

As the overview in Fig A-1 illustrates, a DMC-based controller has three main
modules: the prediction module, the steady state (SS) optimization module and
the move calculation module.

1. Each controller cycle begins with collection of measured or actual values
of the controlled variables. A comparison is made between the actual and the pre-
dicted values (from the model), and the error is then fed to the prediction model.
This error term is assumed to be the same for the prediction horizon used by the
model and accounts for model mismatch with the plant. The Prediction module
generates an estimate of the steady state values of the controlled variables. The
current values of the manipulated variables and the future steady state values of
the controlled variables are passed on to the SS optimization module.

2. The SS optimization module uses the controlled variable priority informa-
tion and the steady state gain information from the unit response curves to check
the feasibility of finding a solution. Assuming that one or more feasible solutions
are found, the optimizer then uses the LP cost data to determine the economic
optimum and send these targets as “desirable” setpoints to the move calculation
module. The priority group structure of controlled variables enables DMC to find
feasible solutions. DMC starts with the highest priority rank group of controlled
variables. If no feasible solution is found, DMC uses the equal concern error
(ECE) data within each rank group to find feasible solutions.

OPERATOR TRAINING/MANAGEMENT

3. The move calculation module then uses the setpoint targets, data from the
prediction model and disturbance variable data and finds the values of the MV
moves by minimizing weighted sum of squares of the deviations of controlled
variables from their setpoints. Factors such as move suppression and equal con-
cern error affect the performance of the dynamic controller but are typically set
during the design and tuning phases of implementation. The DMC controller
calculates several control moves depending on the set control horizon (another
design tuning parameter) but only implements the first move. Once the first move
is implemented, the next control cycle begins.

APPENDIX B: GLOSSARY 813

Term  Definition
CV  Controlled variable. Similar to output variable. Usually
measured or monitored. May also be inferred. Setpoints and
upper and lower limits are typically associated with a CV.
CVrank or priority This parameter is used by the controller to prioritize the
different CV5s. It is especially relevant for determining a fea-
sible region for optimization. The CV5s are typically grouped
depending on their importance.
DMC Dynamic matrix control (originally developed by C.R.
Cutler and others (1979)

DV Disturbance variable. Sometimes referred to as a FFV or
feed forward variable. There are two types of DVs: modeled
and not modeled. A typical example of an unmeasured DV’
is ambient temperature.

ECE Equal concern error. It is of two types. ECE used in the
steady state optimization part is based on the operator con-
cern for deviation of each CV from its limit. It is used to
normalize the differences caused by different engineering
units. Smaller value of ECE implies higher importance of
the setpoint of a CV. Dynamic ECE allows the controller to
take different actions depending on how far the prediction
is from the setpoint.

MYV Manipulated variable. Similar to input variable. Must be
independent, i.e., must not depend on another manipulated
variable. May be a PV or an OP. Examples include reflux
rate, steam valve position, etc.

LP cost Itis derived from plant operating costs and is consistent with
the operating objectives of each unit. This parameter is used
to drive the MV toward the economic optimum.

Operator set limits  For each MV, the upper and lower limit that can be set and
changed by the unit operator.

SSG or SS gain  Steady state gain is the net change in the CVvalue after the
effects of the step change in the MV have settled out over
time. A measure of how much the CV'is likely to change
relative to a change in the MV'value. It is a coefficient used
in the LP cost calculations.
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HPIN CONTROL

Zak@petrocontrol.com

CDU overhead double-drum configuration

Fig. 1 shows one of many CDU overhead configurations,
with naphtha cutpoint control accomplished by a column top
temperature controller manipulating a top pumparound (TPA)
circuit heat removal. This configuration is heat efficient although
heat efficiency comes at the expense of top section separation. The
TPA internally uses four trays, not for separation, but for internal
condensing and heat transfer.

To regain those lost trays process designers often specify two
overhead drums per the configuration of Fig. 2. Heat previ-
ously removed by the TPA circuit is now removed by a reflux
condenser against crude, more or less at the same temperature
levels. Vapor from the reflux drum is further condensed into a
product drum. On the whole—a thermodynamic system that
not only gives us more top section trays, but the reflux drum is
also a separation stage.

Examine now the DCS control of Fig. 2. Naphtha cutpoint
is controlled by manipulating reflux instead of TPA duty. Excess
reflux drum material is blended into the naphtha product. Is it a
good idea to mix reflux into the product? Reflux is heavier than
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naphtha, and mixing it into the product creates an undesirable
heavy tail. Ten percent of the reflux is light kero material, and
downgrading kero to reformer feed in today’s prices carries a
penalty of about $7 per bbl. Even if there is a price reversal, good
separation between kero and naphtha would be profitable, and
that is why the double drum is there in the first place.

Another feature I dislike about Fig. 2 is the method of inferring
naphtha cutpoint. The temperature most indicative of naphtha
cutpoint is not the TC on top of the column but rather the blue
TI on the reflux drum.

What I consider a thermodynamically correct way of control-
ling a double-drum overhead system is illustrated in Fig. 3. The
combination of reflux drum level control on the reflux, and naphtha
cutpoint control on the reflux condenser elminates excess reflux. For
good dynamic response, tune the blue level controller tightly. IE,
apply a strong controller gain, but beware of making the reset action
too aggressive and driving the controller unstable.

Fig. 3 permits recycle of product naphtha into the reflux drum
but that is used only in abnormal situations. Such recycle may
become necessary during hot summer hours, when even maximum
reflux condenser operation cannot maintain the naphtha cutpoint
at target. Bear in mind that the recycle of naphtha into the reflux
drum is in the category of reflux going down the column and is
not thermodynamically damaging, but it is not desirable because it
replaces high-temperature cooling against crude by low-temperature
cooling against air. HP

The author is a principal consultant in advanced process control and online
optimization with Petrocontrol. He specializes in the use of first-principles models
for inferential process control and has developed a number of distillation and reactor
models. Dr. Friedman’s experience spans over 30 years in the hydrocarbon industry,
working with Exxon Research and Engineering, KBC Advanced Technology and since
1992 with Petrocontrol. He holds a BS degree from the Israel Institute of Technology
(Technion) and a PhD degree from Purdue University.
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NPRA CONFERENCES
If You're Not Here, You re Just Out There.

NPRA Reliability & Maintenance Conference and Exhibition
May 19-22, 2009 « Gaylord Texan Resort & Convention Center « Grapevine, TX
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Don’t get locked out of NPRA’s Reliability & Maintenance Conference.

In today’s demanding economy, you want more value for your dollar. NPRA's Reliability &
Maintenance Conference and Exhibition delivers it with an expanded program that includes
more than 40 workshops in seven subject tracks, two keynote speakers, and several

Q&A and discussion panels.

The Exhibition will showcase the latest technologies and services for you to see and evaluate.
More than 240 companies will exhibit their equipment, materials, and special expertise in
solving problems that are critical to your competitiveness.

The 2009 RMC is your best opportunity to see and hear about the latest in reliability,
maintenance, and turnarounds from noted experts and fellow practitioners.

—
v ) Register today at npra.org/rmc or
J, call us at 202.457.0480 for more information.
NATIONAL PETROCHEMICAL Today’s refining and petrochemical businesses.
& REFINERS ASSOCIATION The more you know about us, the better we look.
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Axens

P/ Group Technologies

Our advanced

catalytic engineering
has powerful attraction

Axens’ HR series ACE™ technology catalysts deliver sustained, on-spec ultra-
low-sulfur diesel. The powerful desulfurization activity of this new series is
particularly enhanced in combination with EquiFlow™ reactor internals and
Catapac™ dense loading technology.

With its submicron-level control, ACE technology provides dual activity for
superior levels of sulfur and nitrogen removal in all applications. Easy to load
and activate, HR series catalysts also offer excellent regeneration properties.

Axens’ quality products are based on reference technology — commercially
proven, dependable, reliable and cost-effective.

The performance improvement specialists

_www. axens.net

For more information

Paris @ +33 147 1425 14 Houston @ +1 713 840 1133 Email Catalysts@axens.net
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