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CALLUM	O'REILLY
EDITOR

Digitalisation has changed the face of the 
oil and gas industry over the past few 
decades. We now stand on the brink of 
a second digital age, which will create 

a range of new opportunities for companies 
in the oil and gas sector. Recent technological 

advancements have introduced techniques such as Big Data, advanced analytics 
and the Internet of Things (IoT), all of which offer companies the opportunity to 
significantly cut costs and improve productivity, if used effectively.

Recent research from McKinsey & Company suggests that digital technologies 
have the potential to reduce capital expenditures in the oil and gas sector by up to 
20%. While the upstream sector stands to benefit the most from digital advancements 
(with an estimated reduction of up to 3 – 5% in operating costs), McKinsey & Company 
predicts that the downstream sector could cut its costs by approximately 1.5 – 3%.1

It is easy to see why digital intelligence is a hot topic in this issue of 
Hydrocarbon Engineering. Our cover feature from Honeywell Process Solutions 
(p. 34) examines the latest digital developments, and explains how the Industrial 
Internet of Things (IIoT) can help to increase plant availability, safety and reliability.

However, despite the obvious benefits, a recent study from Ponemon Institute 
(sponsored by Siemens) warns of the potential dangers of rapid digital advancements.2 
According to its research, the deployment of cyber security measures in the oil and 
gas industry is failing to keep pace with the growth of digitalisation in the sector’s 
operations. Ponemon Institute surveyed 377 individuals in the US that are responsible 
for securing or overseeing cyber risk in the operational technology (OT) environment, 
the majority of whom work in the downstream sector (30%). Just 35% of respondents 
rated their organisation’s OT cyber security readiness as high, while 61% claim that 
their company’s industrial control systems protection and security is inadequate. The 
study found that cyber risks across the oil and gas value chain are difficult to address, 
and only 45% of respondents believe that their organisation has the internal expertise 
to manage cyber threats in the OT environment. 

Worryingly, the study also discovered that 68% of organisations have suffered a 
security compromise that resulted in disruption to operations or a loss of confidential 
information over the past 12 months. Furthermore, 46% of cyber attacks were believed 
to go undetected.

While the oil and gas industry undoubtedly stands to benefit from advancements 
in digitalisation, it is essential that the potential risks are both understood and 
addressed. Ponemon Institute’s research suggests that the sharing of threat intelligence 
is one effective method to help combat cyber risks in the OT environment. 

The rewards of knowledge sharing are also promoted in an article from 
Allan Ralston, Safehouse, UK, starting on p. 106 of this issue. Ralston contends that 
cross-industry knowledge sharing is essential to ensure that technological innovations 
improve safety in the oil and gas industry, as well as operational efficiency and profits.

Hydrocarbon Engineering aims to provide a platform for the industry to share 
its success stories and technical knowledge. If you have an innovation that can help 
benefit the downstream oil and gas industry, please get in touch.

1. CHOUDHRY, H., MOHAMMAD, A., TEE TAN, K. and WARD, R., ‘The next frontier for digital 
technologies in oil and gas’, McKinsey & Company, (August 2016).

2. ‘The State of Cybersecurity in the Oil & Gas Industry: United States’, Ponemon Institute LLC, 
(February 2017).
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China |	MTO	unit	
started

Jiangsu Sailboat Petrochemical Co. 
Ltd has started its UOP Advanced 

methanol-to-olefins (MTO) unit 
during a 10-day test to confirm 
successful operation, according to 
Honeywell. When the full unit goes 
online, it will have a production 
capacity of 833 000 tpy, making it 
the largest single-train MTO unit in 
the world.

The Sailboat facility, located in 
Lianyungang City in Jiangsu Province, 
will produce propylene for the 
production of acrylonitrile, which is 
used to make clothing and fabrics, 
and high performance polymers used 
in automotive parts, hard hats and 
other hard plastic products. The plant 
will also produce ethylene for the 
production of ethylene vinyl acetate 
copolymers, as well as C4 olefins.

The Advanced MTO process 
converts methanol from coal and 
natural gas into ethylene and 
propylene. UOP's proprietary 
catalysts make it possible to 
efficiently adjust the ratio of 
propylene and ethylene produced so 
operators can most effectively meet 
demand for those products.

When fully completed, the 
500 ha. facility will produce 
approximately 2.5 million tpy of 
short-supply high-end petrochemical 
products.

Qatar |	Laffan	Refinery	2	inaugurated

Qatargas has announced that His 
Highness Sheikh Tamim bin 

Hamad Al-Thani, the Emir of the 
State of Qatar, has inaugurated 
Laffan Refinery 2 at a special 
ceremony held at the Qatar National 
Convention Centre.

The inauguration of the refinery 
marks the culmination of a strategic 
expansion to Qatargas’ facilities in 

Ras Laffan Industrial City, effectively 
doubling Qatar’s condensate refining 
capacity to 292 000 bpd.

The new refinery processes 
condensate to produce five high 
quality products. These products 
support the energy and industry 
sectors by providing energy sources 
and raw feedstock material, namely 
naphtha, kerojet (A-1), diesel and LPG 

in the form of propane and butane.
 It also creates new economic 

opportunities by enhancing export 
capacity and therefore the ability to 
supply international demand for 
energy.

Laffan Refinery 2 includes a 
wastewater recycling facility, which 
treats industrial water from Laffan 
Refinery 1 and Laffan Refinery 2.

USA |	HEP	to	expand	deep-water	terminal

Howard Midstream Energy 
Partners LLC (HEP) has executed 

a long-term terminal services 
agreement (TSA) with a third-party 
shipper and plans to significantly 
expand its bulk liquids terminal 
facility in Port Arthur, Texas. 

Under the TSA, HEP will 
construct or install more than 
15 new tanks, adding more than 
1 million bbls of storage for a variety 
of products, and construct new 
marine facilities for both blue water 
and inland marine vessels. 

Additionally, the company plans to 
construct a pipeline system to 
transport products between the 
Port Arthur facilities and other 
third-party supply points.

Permitting for the development 
of the terminal began in 1Q16. Final 
engineering of the facilities and 
pipelines is underway and 
construction is expected to begin in 
March 2017. The facility is projected 
to take 18 months to construct and 
operations are expected to begin in 
2018.

Worldwide |	OPEC	production	cuts	promising

The International Energy Agency 
(IEA) has estimated that OPEC 

production in January 2017 was 
32.1 million bpd, and that the 
production cuts achieved a record 
initial compliance rate of 90%. 
Notably, some producers, including 
Saudi Arabia, appeared to cut more 
than required.

Speaking at the International 
Petroleum (IP) Week conference in 
London, UK, OPEC Secretary General, 
HE Mohammad Sanusi Barkindo, said 
that the implementation of 
production cuts by OPEC and 
non-OPEC members has thus far 
been very encouraging.

Mr Barkindo said that all 
24 countries involved had remained 
resolute in their commitment to 
the ongoing process and are 
determined to implement their 
obligations in a full and timely 
fashion to help ensure a more 
balanced oil market on a 
sustainable basis. He also said that 
the establishment of the Joint 
Ministerial Monitoring Committee 
and the supporting Joint Technical 
sub-Committee to oversee and 
monitor implementation were 
"prime examples of OPEC’s support 
for data sharing, openness and 
transparency.”
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China |	Honeywell	technology	selected	for	
petrochemicals	project

Zhejiang Petrochemical Co. Ltd. 
(ZPC) will use process technology 

from Honeywell UOP for a new 
integrated refining and petrochemical 
complex in Zhoushan, Zhejiang 
Province.

Honeywell UOP will supply a 
range of technologies in the form of 
license, design, key equipment, and 
state-of-the-art catalysts and 
adsorbents, while Honeywell Process 
Solutions will provide the process 
controls and automation systems.

The complex will be located in 
one of seven new large industrial 
sites that are part of China's current 
national economic development 
plan. When completed, it will be the 
largest crude-to-chemicals complex 
in China and one of the largest in 
the world. The complex will 
produce petrochemicals, including 
aromatics that are used to make 

plastic resins, films and fibres that 
are the basis for millions of 
products.

The project includes a two-train 
LD ParexTM aromatics complex – for 
the production of 4 million tpy of 
paraxylene.

The new plant will also include 
an RFCC complex, using Honeywell 
UOP's RCD UnionfiningTM and RFCCTM 
processes to upgrade 5 million tpy of 
residual oil into fuels. An OleflexTM 
propane dehydrogenation unit will 
produce 600 000 tpy of  
polymer-grade propylene.

The project will also include a 
hydrocracker to convert vacuum gas 
oil into petrochemical feedstocks, 
two CCR PlatformingTM units to 
produce aromatics and blend stocks 
for making high-octane fuels, and a 
Unionfining naphtha hydrotreating 
unit to remove sulfur.

USA |	Venture	Global	LNG	contracts	GE

Venture Global LNG Inc. has 
selected GE Oil & Gas as a 

strategic partner to provide a 
plant-wide technology solution for its 
LNG export facilities under 
development in Louisiana. 

Under the agreement, GE Oil & Gas 
will leverage advanced technologies 

from across the broader GE portfolio 
to deliver a comprehensive power, 
pretreatment and LNG liquefaction 
system. The agreement provides for 
the delivery of a complete LNG 
process system with defined 
schedule, price and performance 
standards.

the netherlands
Lukoil has announced that it has 
sold Lukoil Chemical B.V. In a short 
statement released on its website, 
the Russian oil company confirmed 
that it has completed the sale of 
its wholly owned subsidiary, which 
is based in the Netherlands. Lukoil 
Chemical owns the Karpatneftekhim 
petrochemical plant, which is located 
in Ivano-Frankovsk area of Ukraine.

china
Wison Engineering Ltd has signed a 
collaboration agreement on R&D with 
Haldor Topsoe. The two companies 
have also embarked on an in-depth 
discussion concerning a wider range 
of collaboration in the fields of clean 
energy, chemical development, new 
technologies, engineering management 
and market development. 

usa
D3MAX has announced the 
completion and shipment of its pilot 
plant employing the patented D3MAX 
cellulosic ethanol technology. The 
pilot facility was due to be installed 
at ACE Ethanol LLC, in Stanley, 
Wisconsin, in late February. Installation 
is expected to be complete by 
mid-March with startup and testing 
at the facility taking place over the 
ensuing two months.

saudi arabia
Saudi Aramco has announced its 
intention to launch a base oils 
business, as part of its downstream 
integration plan. The company is 
aiming to optimise the value of its 
petroleum molecules and grow its 
refining and chemicals portfolio.

USA |	Tallgrass	Energy	connecting	
Holly	Frontier	refinery

Tallgrass Energy Partners has 
announced that Pony Express 

Pipeline has reached an agreement with 
Holly Frontier Corp. and its affiliates to 
build facilities to connect Holly 
Frontier’s refinery complex in El Dorado, 
Kansas to the Pony Express Pipeline. 

The El Dorado connection 
facilities have been designed to meet 

the needs of the El Dorado refinery 
and will have a design capacity in 
excess of 100 000 bpd for any of the 
batched common stream crude types 
transported by the Pony Express 
Pipeline.

Construction of the connection 
facilities is expected to be completed 
by 4Q17. A World of Solutions
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12M012017H

COMPLETE SOLUTIONS FOR  
YOUR REFINERY CHALLENGES
Today’s Refinery Challenges

 � Processing tight oil
 � Managing stringent sulfur limits
 � Monetizing orphan streams
 � Upgrading residuals

CB&I’s Comprehensive Solutions
CB&I’s broad portfolio of both refining and petrochemical technologies, 
combined with our execution expertise, will help you maximize processing 
flexibility and achieve margin benefits in the widest range of scenarios.

We are with you through every stage of the process plant life cycle, from 
feasibility studies to identifying plant optimization and upgrade solutions, 
through technology selection, full-scope EPFC, commissioning and start-up.

PROCESS PLANNING AND DEVELOPMENT
LICENSED TECHNOLOGIES AND CATALYSTS
FULL-SCOPE EPFC SERVICES
PROJECT MANAGEMENT AND CONSULTING
AFTERMARKET SERVICES

cbi_he_ad_feb_2017.indd   1 1/20/2017   3:41:18 PM



A World of Solutions
Visit www.CBI.com

12M012017H

COMPLETE SOLUTIONS FOR  
YOUR REFINERY CHALLENGES
Today’s Refinery Challenges

 � Processing tight oil
 � Managing stringent sulfur limits
 � Monetizing orphan streams
 � Upgrading residuals

CB&I’s Comprehensive Solutions
CB&I’s broad portfolio of both refining and petrochemical technologies, 
combined with our execution expertise, will help you maximize processing 
flexibility and achieve margin benefits in the widest range of scenarios.

We are with you through every stage of the process plant life cycle, from 
feasibility studies to identifying plant optimization and upgrade solutions, 
through technology selection, full-scope EPFC, commissioning and start-up.

PROCESS PLANNING AND DEVELOPMENT
LICENSED TECHNOLOGIES AND CATALYSTS
FULL-SCOPE EPFC SERVICES
PROJECT MANAGEMENT AND CONSULTING
AFTERMARKET SERVICES

cbi_he_ad_feb_2017.indd   1 1/20/2017   3:41:18 PM



WORLD NEWS
IN BRIEF

March 2017 HYDROCARBON 
ENGINEERING

8

Singapore | ExxonMobil	refinery	to	expand	
Group	II	base	stock	production

ExxonMobil has announced the 
expansion of its Singapore 

refinery to support the production of 
the company’s EHCTM Group II base 
stocks, which will strengthen the 
global supply of these products and 
enhance the Singapore facility’s 
competitiveness. Construction is 
expected to begin during 2Q17 with 
completion anticipated in 2019.

ExxonMobil’s EHC product line 
has been designed to maximise the 
performance of all major 
automotive engine oil grades and to 
enhance the performance of 

finished lubricants used in multiple 
industries.

The expansion project represents 
the latest in a series of recent 
ExxonMobil investments in base 
stock production, including a 
previous expansion of capacity at the 
Singapore refinery in 2014, a recently 
commissioned project at the 
company’s major integrated facility in 
Baytown, Texas, US, and introduction 
of Group II base stocks into European 
markets ahead of the anticipated 
completion of the new Rotterdam 
hydrocracker unit in 2018.

vietnam
PEC Ltd has received a seven-year single 
daily maintenance contract from Nghi Son 
Refinery and Petrochemical Ltd Liability 
Company (NSRP), in Vietnam. Under the  
contract, PEC will provide long-term 
daily maintenance services for the NSRP 
Complex. This project is the largest 
integrated refinery and petrochemical 
project in Vietnam with a refining 
capacity of 10 million tpy.

usa
Meridian Energy Group Inc. has 
announced that it recently entered into 
Memoranda of Understanding (MoUs) 
with local and regional petroleum 
product distribution firms. Under the 
MoUs, these firms will purchase and 
distribute up to 268 million gal./y of 
refined products from the Davis Refinery, 
Meridian’s greenfield refinery proposed 
for Billings County, near Belfield, 
North Dakota.

china
Clariant has announced that it has been 
awarded a contract by Dongguan Grand 
Resource Science & Technology Co. Ltd to 
develop a new propane dehydrogenation 
unit in cooperation with CB&I. The project 
includes the license and engineering 
design of the unit, which is to be built 
in Dongguan City, Guangdong Province, 
China.

india
GTC Technology has supplied its 
proprietary GT-DWCSM technology for 
a second dividing wall column (DWC) 
for Reliance Industries Ltd (RIL) at the 
DTA Refinery in Jamnagar, India. The 
project was unique in that a separation 
process, previously made by two naphtha 
splitting towers, was altered to be made 
in only one of the towers, which was 
converted to a GT-DWC configuration.

Canada |	Fluor	to	support	Woodfibre	LNG

F luor Corp. has announced that it 
has signed an agreement with 

JGC America Inc. to provide 
construction-related support to the 
front-end engineering and design 
(FEED) services for the Woodfibre 
LNG project in the District of 
Squamish near Vancouver, 
British Columbia (B.C.). Fluor booked 
the undisclosed contract value in the 
4Q16.

Under the subcontract, Fluor will 
provide construction planning and 

design services to support the FEED 
package and engineering, 
procurement and construction 
proposal development. JGC is a FEED 
contractor for the proposed 
2.1 million tpy natural gas Woodfibre 
liquefaction plant and export facility.

The proposed facility will be 
powered with electricity from 
BC Hydro, which generates more 
than 90% clean renewable energy 
and will help create one of the 
cleanest LNG facilities in the world.

China |	Flowserve	wins	pump	order

Flowserve Corp. has announced an 
order close to US$80 million to 

provide pumps and ebulators for the 
Hengli Integrated Refining Complex 
Project, a 400 000 bpd final 
conversion refinery on Changxing 
Island in Dalian, Liaoning Province in 
China.

The order includes nearly 
200 pumps, which will be used in an 
integrated refining and petrochemical 

project for the Hengli Petrochemical 
Complex. Flowserve will work in 
coordination with SINOPEC Luoyang 
Petrochemical Engineering Corp. 
(LPEC).

The Flowserve products will be 
sourced primarily from its facilities in 
Vernon, USA; Desio, Italy; and 
Suzhou, China, with phased deliveries 
beginning in early 2018 to support 
the project as it moves forward.
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API |	US	petroleum	deliveries	up

The American Petroleum 
Institute (API) has announced 

that US total petroleum deliveries 
moved up by 1.2% from the prior 
year to nearly 19.3 million bpd in 
January 2017, marking the highest 
January deliveries in nine years.

In January, gasoline deliveries 
were down from the prior year 
and the prior month. Total motor 
gasoline deliveries fell 2.6% from 
January 2016, to average 
8.4 million bpd (the lowest 
demand in 36 months).

Crude oil production in January 
increased 1% from December 2016, 
but was down by 2.5% on the 
corresponding period of 2016 to 

average almost 9 million bpd in 
January 2017.

Natural gas liquids (NGL) 
production was up from both the 
prior month and prior year, 
averaging 3.5 million bpd in 
January.

US total petroleum imports in 
January averaged 10.7 million bpd, 
up 6.3% from the prior month and 
up 9.7% from the prior year. Crude 
oil imports in January were at their 
highest level since September 2012, 
at 8.3 million bpd in January 2017.

Crude oil stocks ended in 
January at 499.5 million bbls, up 
3.4% from the prior month and 
6.6% from the prior year. 

EPA |	Scott	Pruitt	appointed	as	Administrator

Oklahoma Attorney General 
Scott Pruitt has been confirmed 

and sworn in as the 14th Administrator 
of the US Environmental Protection 
Agency (EPA). 

The American Fuel and 
Petrochemical Manufacturers 
(AFPM) welcomed the appointment: 
“We congratulate Administrator 
Pruitt on his confirmation as the 
next Administrator of EPA. His 
experience and leadership skills will 
be an asset to EPA and the country. 

We are confident that Administrator 
Pruitt understands that 
environmental protection, 
economic growth, and energy 
security are not mutually exclusive, 
but rather require reasonable 
balancing. Under his leadership, we 
can realise the President’s America 
First Energy Plan, which embraces 
our country’s potential to be an 
energy superpower while 
simultaneously protecting the 
environment.”

DIARY DATES
26 - 30 March
SOGAT 2017
Abu Dhabi, UAE
Tel: +971 2 674 4040
Email: nerie@domeexhibitions.com

4 - 7 April
Gastech Conference & Exhibition
Chiba City, Tokyo, Japan
Tel: +44 (0) 203 772 6038
Email: info@gastechevent.com

9 - 12 April
2017 GPA Midstream Convention
Marriott Rivercenter, San Antonio, Texas, USA
Tel: (918) 493-3872
Email: cmyers@GPAglobal.org

18 - 20 April
NISTM 19th Annual International Aboveground 
Storage Tank Conference & Trade Show
Rosen Shingle Creek Hotel, Florida, USA
Tel: 011.813.600.4024
Email: mail@nistm.org

24 - 26 April
Sulphur World Symposium 2017
Dublin, Ireland
Tel: +1 202 293 9305
Email: kkurowski@sulphurinstitute.org

16 - 19 May
International Downstream Week 2017
Dubrovnik, Croatia
Tel: +359 884 884 535
Email: info@europetro.com

23 - 26 May
AFPM Reliability & Maintenance Conference & Exhibition
New Orleans, Louisiana, US
Tel: 202.457.0480
Email: meetings@afpm.org

12 - 14 June
37th International Operating Conference & Trade Show
Houston, Texas, US
Tel: 703 875 2011
Email: info@ilta.org

9 - 13 July
22nd World Petroleum Congress
Istanbul, Turkey
Tel: +90 312 207 33 51 
Email: 22wpc@22wpc.com

BP |	Global	energy	demand	to	increase	30%

In its '2017 Energy Outlook', BP 
expects global energy demand to 

increase by around 30% between 
2015 and 2035. This growth will be 
driven by increasing prosperity in 
developing countries, partially offset 
by rapid gains in energy efficiency.

BP expects oil and gas, as well 
as coal, to remain the main source 
of energy to 2035. 

Demand for gas is expected to 
average 1.6% per year, and BP 
predicts that the rapid expansion 
of LNG will lead to a globally 
integrated gas market, anchored by 
US gas prices.

Oil demand is expected to grow 
at an average rate of 0.7% per year, 
although this is expected to slow 
gradually over the period.
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As the global oil market moves 
into closer balance between supply 
and demand, Contributing Editor, 
Nancy Yamaguchi, examines the 
possible implications for the US 
downstream sector.

US 
REFINERY
CRUDE SUPPLY
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In late 2014, Saudi Arabia ramped up its crude production 
in order to regain market share, which had been eroded 
by production increases in other OPEC countries and in 
the US. High oil prices had helped give birth to the US 

shale boom, which had cut into US crude import 
requirements. US refineries with access to the new light tight 
oils (LTOs) from shale plays enjoyed low cost feedstock, and 
their utilisation rates rose. Global oil oversupply, accelerated 
by the oil price war, created a low price environment in 2015 
and most of 2016. At last, US production began to falter and 
decline. Yet as 2017 begins, the global oil market is moving 
into a closer balance between supply and demand, and 
prices are moving up again. The decline in US production has 
reversed, at least for the time being.

How is the US downstream sector faring? Low crude and 
feedstock costs are usually a boon for the downstream sector, 
and the recent up-down cycle in prices had had a visible 
impact. In this article, the changes in US crude supply and 
demand, refinery inputs, and how refineries receive their 
crude are examined. All of these have changed enormously 
since the shale boom began and during the oil price war.

Recent	price	cycles	and	US	crude	supply
Figure 1 displays the trend in spot prices for WTI and Brent 
crudes, with the Brent-WTI price differential. The huge surge 
in prices leading up to 2008 is considered one of the factors 
that toppled the US economy into severe recession. It also 
stimulated the shale boom, however, revitalising the US 
upstream sector, which had a knock-on effect benefitting 
the downstream sector also. As Figure 2 illustrates, US crude 
production rose from 5.089 million bpd in 2006 to a peak of 
9.43 million bpd in 2015. To place this in context, this gain in 

Monument Valley, Arizona, USA.
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US output of 4.341 million bpd is greater than the total 
crude output of any OPEC country other than Saudi Arabia.

Crude prices collapsed in 2009 because of the 
recession, but they rose again and hit new highs in 
2011 – 2013. At this point, there was an extremely large 
price differential between Brent crude and WTI crude. WTI 
crude on the spot market was routinely US$15 – 20/bbl 
cheaper than Brent crude, though in the past the two 
crudes tracked one another closely. This was also related to 
the shale boom, since a great deal of new crude was being 
produced in landlocked areas, without access to a larger 
customer base. Moreover, exports of domestic crude were, 
until the end of 2015, restricted (not banned) by federal law. 
The easing of restrictions and the logistics of getting crude 
to refineries are discussed below.

By late 2014, Saudi Arabia began to raise its output. The 
Saudi-led oil price war caused prices to collapse in 2015 
and 2016. It was intended to be a war of attrition, where 
the higher cost producers would eventually be forced to 
exit the market. US shale producers were among the key 
targets, since many had relatively high costs of production. 
The impact was slow in coming, however, since many US 
wells were already drilled and in operation. Over the 
course of the oil price war, many US wells closed, and many 
companies went out of business. The US producers 
remaining worked to increase their drilling efficiency and 
cut costs. Still, in 2016, the low prices caught up, and US 
production fell to approximately 8.862 million bpd. 

The market changed again in late 2016, when 11 OPEC 
countries and 11 select non-OPEC countries agreed to 
reduce crude production to whittle down global stockpiles 
and put crude prices on an upward track. It appeared also 
that global demand would finally begin to catch up with 
supply in 2017. Already, US producers appear to be 
benefitting from the new price cycle. Figure 3 sheds more 
light on this by presenting the trend in US crude 
production, according to weekly supply data during the full 
course of 2016. At the start of 2016, US crude production 
was 9.219 million bpd. It fell to a low of 8.428 million bpd in 
July. But anticipation of a better supply-demand balance, 
combined with the survival of the most efficient US 
producers, brought an unexpected end to the downturn in 
production. Production was flat-ish for the next few 
months until autumn. 

OPEC surprised market watchers when it made its 
production cut pact in Algiers in late September. The OPEC 
regular meeting was held in Vienna, Austria, on 
30 November, and the group surprised the market once 
again by cementing the production cut agreement. 
Additional support was gained in December when 
11 non-OPEC countries, including Russia, joined the effort 
by pledging to reduce output and/or allow natural declines 
in production to continue. The impact on the market has 
been dramatic. 

Figure 4 shows the monthly average spot price for WTI 
crude. In September, the spot price averaged US$45.18/bbl. 
It jumped to US$49.78/bbl in October, after the Algiers 
Agreement was made. The price then dropped to an 
average of US$45.66 in November, when it seemed 
impossible that OPEC would manage to get an agreement 

Figure 1. Annual average WTI and Brent spot prices, and 
the Brent-WTI differential (US$/bbl).

Figure 2. US crude production ('000 bpd).

Figure 3. US crude production, weekly ('000 bpd).

Figure 4. WTI monthly average spot price, Cushing  
(US$/bbl).



Latest News

BLACKBIRD	ENERGY	ENTERS	LETTER	OF	NOMINATION
Blackbird Energy Inc. has entered into a non-binding letter of nomination 
with a premier midstream company for the transportation and processing of 
natural gas and condensate produced from its Pipestone/Elmworth lands. The 
nomination contemplates that the midstream company will transport natural 
gas and condensate produced from lands located both north and south of the 
Wapiti River to the midstream company's proposed gas plant, where it will then 
be processed to market specification.

ADNOC	AND	VITOL	INK	LPG	AGREEMENT
The Abu Dhabi National Oil Company (ADNOC) has announced that it has signed 
an agreement for the sale of up to 528 000 tpy of LPG to Vitol over the next 
10 years. The long-term agreement, which was backdated to 1 January 2017 and 
will expire on the 31 December 2026, was signed on the side-lines of International 
Petroleum Week, which recently took place in London, UK.

ENERGY	TRANSFER	TO	CONSTRUCT	FRACTIONATION	FACILITY
Energy Transfer Partners L.P. has announced that its subsidiary, Lone Star NGL LLC, 
will construct a fifth NGL fractionation facility at Mont Belvieu, Texas, US. 
Fractionator V, including NGL product infrastructure and a new 3 million bbl y-grade 
storage cavern, has a total estimated cost of approximately US$385 million. The 
120 000 bpd fractionator is fully subscribed under multiple long-term, fixed-fee 
contracts and is scheduled to be operational by September 2018.

ENTERPRISE	PRODUCTS	SELECTS	HONEYWELL	UOP	TECHNOLOGY
Enterprise Products Operating LLC has chosen Honeywell UOP’s C4 OleflexTM 
technology to produce 425 000 tpy of isobutylene. Honeywell UOP will provide 
the basic engineering design, control systems, catalysts and adsorbents for a new 
petrochemical plant, which is located in Mont Belvieu, Texas, US.

For	further	information	go	to: 
www.hydrocarbonengineering.com
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signed at its 30 November meeting. On the eve of the 
meeting, the market assigned only a 30% chance that OPEC 
would be able to reach agreement. When OPEC defied the 
odds, and signed the production cut agreement, prices 
jumped. After the successful agreement, and with the 
inclusion of the non-OPEC countries, the average price of 
WTI crude rose to US$51.97/bbl in December 2016.

These increases in price are also reflected in Figure 3. 
Rather than continuing on the downward path, US crude 
production began to rise again by late 2016. It averaged 
8.77 million bpd in December 2016, approximately 
340 000 bpd higher than it was at its low point in July.

US	refinery	inputs	and	crude	supply
The rise and fall in US crude production, and the location 
of the crude feedstocks, is having a marked impact on US 
refinery inputs and utilisation. Figure 5 presents the trend in 
US refinery inputs of crude, natural gas liquids (NGLs), and 
other feedstocks. Unless otherwise noted, the data used 
for 2016 is the January through October average published 
by the US Energy Information Administration (EIA). In 2016, 
crude inputs were 1.6168 million bpd. NGL inputs were 
505 000 bpd, and this level has been fairly stable over the 
past decade. Other inputs were 2.29 million bpd.

The ‘other inputs’ category has grown significantly, 
rising from 1.238 million bpd in 2006 to 2.29 million bpd in 
2016. These non-crude inputs are mainly geared toward 
meeting requirements for renewable fuels. As shown in 
Figure 6, this included 916 000 bpd of fuel ethanol, 
62 000 bpd of renewable diesel, and 709 000 bpd of 
gasoline blending components. Together, these feedstocks 
account for 74% of the ‘other input’ category. Unfinished 
oils are another important non-crude feedstock. These are 
mainly heavy gasoils and residuum used as feedstock for 
cracking units. Net inputs of unfinished oils averaged 
383 000 bpd in the January – October period.

Crude inputs dropped from 15.242 million bpd in 2006 
to 14.336 million bpd in 2009. At that time, the US and 
many other countries worldwide were in the grip of a 
severe recession. As the recovery progressed, crude inputs 
also rose, reaching 16.188 million bpd in 2015. Current year 
inputs have been similar to 2015 inputs at 16.168 million bpd. 

Impact of easing crude export restrictions
The year 2016 brought a new twist to US crude supply that 
should increase market efficiency. In late 2015, the US eased 
restrictions on crude exports. This was often mistakenly 
termed ‘lifting the export ban’. In reality, crude exports 
were not banned, but they were restricted to certain 
trades, such as trade with Canada, exports from Alaska 
state waters, certain volumes of California crude, and other 
cargoes that were specially permitted. The US has been 
exporting crude for over 100 years. Figure 7 shows the long 
history of US crude exports since 1910. The easing of 
restrictions caused a major surge in exports in 2016. They 
skyrocketed to 520 000 bpd during the January – October 
period.

The export restrictions had been supported by those 
who believed that it would increase US crude supply 
security. But with a world seemingly awash in oil, this 

Figure 5. US refinery inputs ('000 bpd).

Figure 6. Refiner inputs of key non-crude feedstocks 
('000              bpd).

Figure 7. US crude oil exports 1910 – 2016 ('000 bpd).

Figure 8. As US crude exports rose, so did crude imports 
('000 bpd).



The “science” of recovering and refining precious metal 
catalysts is straightforward: state of the art technology. 
The “art” of this process, however, is what makes 
Sabin different from all others: that’s the knowledge, 
experience, and expertise gained from seven decades of 
successfully serving thousands of organizations around 
the world. We’d be pleased to count you among them. 

Experience  
the Sabin difference 
for precious metal 
catalyst recovery 
and refining.

We turn science into art for  
highest possible returns  
and added value.

Learn more at sabinmetal.com

Sabin ExpTheDif-QR.indd   1 12/7/16   9:42 AM



March 2017 HYDROCARBON 
ENGINEERING

18

argument lost its potency. The 
restrictions were seen mainly as 
creating barriers to efficient trade. In 
particular, LTOs from landlocked areas 
had a transport disadvantage, and 
they were sold at low prices to 
refineries along transport routes. This 
was a chief cause of the widening 
Brent-WTI crude price differential 
shown in Figure 1. US market prices 
diverged from global prices. The 
refineries with access to the 
inexpensive crudes increased 
utilisation, and increased their 
product sales and exports.

Figure 8 compares the trend in US 
crude exports with crude imports. In 
2016, both imports and exports rose. 
However, imports rose more than 
exports, so net crude imports 
increased by over 1 million bpd. Easing 

the export restrictions did cause an increase in 
exports, but it did not cause a decrease in 
refinery supplies of crude. The opposite appears 
to be happening.

How	do	US	refineries	receive	
crude	oil?
The US has the largest refining industry in the 
world, spread from coast to coast and including 
two non-contiguous states: Alaska and Hawaii. 
Delivering crude to these refineries is a massive 
logistical exercise. The shale boom added 
another layer of complexity, since many of the 
new shale plays were not connected to existing 
oil transport infrastructure. This created a need 
for additional transport infrastructure and the 
use of alternative modes. How do US refineries 
receive crude oil, and how has this changed?

The key role of pipelines
As Figure 9 demonstrates, pipelines are the 
dominant transport mode used to deliver crude 
to US refineries. In the early 1980s, pipelines 
delivered nearly two-thirds of crude receipts. 
This slowly declined during the years from the 
late 1980s until 2005, when pipeline deliveries 
fell to around 48%. After 2005, however, a 
resurgence in pipeline deliveries began, and in 
2015, pipelines were responsible for nearly 61% of 
crude deliveries. In 2015, US refineries received 
16.452 million bpd of crude oil, 10.026 million bpd 
of which was delivered by pipeline.

Transport modes for foreign crudes 
and domestic crudes
The reason for the changing percentage carried 
by pipelines becomes clear if domestic crude is 
separated from foreign crude, as Figures 10 and 11 
illustrate.

Figure 9. The key role of pipelines in delivery crude to US refineries 
('000 bpd and % of total).

Figure 10. US refinery receipts of foreign crude by transport 
mode ('000 bpd).

Figure 11. US refinery receipts of domestic crude by transport 
mode ('000 bpd).
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Figure 10 looks first at deliveries of foreign crude to US 
refineries. The most important transport mode is, as might be 
expected, tankers. When US domestic crude production was 
declining, foreign crude imports rose. The percentage share of 
tanker deliveries rose from 26% in 1985 to 47.8% in 2005. In 2005, 
tankers had nearly caught up with pipelines, delivering 
7.319 million bpd of crude vs pipeline deliveries of 7.387 million bpd. 
After 2005, however, tanker deliveries of foreign crude slid steadily 
down. In 2004, foreign crude deliveries by tanker had been 
6.535 million bpd. This dropped by an incredible 2.612 million bpd, 
plummeting to 3.923 million bpd in 2015. 

The change in crude logistics was caused by the shale boom. 
Domestic crude deliveries began to fall because US crude 
production had been falling. Figure 11 displays the trend in US 
refinery receipts of domestic crude by transport mode. Pipeline 
deliveries peaked at 6.804 million bpd in 1985. They declined for 
the next two decades, hitting the nadir at 4.325 million bpd in 
2005. The ensuing decade from 2005 – 2015 witnessed a major 
resurgence in pipeline deliveries, which soared to 7.168 million bpd 
in 2015 as production from shale plays began to crowd into the 
system, seeking refineries.

In the early days of the shale boom, pipeline capacity and 
connections were unable to cope with the influx of new crudes, 
and there was a scramble to correct this. Pipelines are usually 
regarded as the cheapest and safest oil transport mode, but 
building and expanding pipelines takes time. As Figure 11 shows, 
there was growth in all other modes as well. 

Because pipelines and tankers are such dominant modes, 
Figure 12 presents the data for barges, tank cars, and trucks only. 
The use of these modes surged in response to the shale boom, 

growing from 604 000 bpd in 2004 to 1.779 million bpd 
in 2014. The total fell to 1.602 million bpd in 2015, 
however, corresponding with the decline in US 
production and the completion of new pipelines.

The transport modes used to deliver crude to US 
refineries have changed enormously over the past decade. 
Before the shale boom, it was accepted that foreign crude 
receipts would continue to grow, and that the common 
modes would be tanker deliveries and pipeline deliveries. 
The increase in US crude production over the past decade 
strained the transport infrastructure, and refineries began 
to receive more crude via barge, tank car and truck. Tank 
cars were needed, for example, to deliver crude to 
refineries on the East Coast and West Coast that were not 
connected by pipeline to the main crude producing areas 
in the centre of the country. But the use of these modes 
has tailed off. First, the pipeline capacities and 
connections have been expanded. Second, US production 
has fallen. Many forecasts expect that the production 
decline has not yet ended. If this turns out to be true, it is 
logical to expect that there will be continued easing of 
domestic crude transport capability, which will reduce 
reliance on the more expensive modes of barges, tank 
cars and trucks. If, on the other hand, higher prices in 2017 
bring a resurgence of crude production in areas not yet 
tied to pipeline networks, reliance on these modes may 
resume.

Crude	oil	transport	by	rail
As LTO production from shale plays began to surge, US 
crude transport infrastructure was strained to deliver 
the new crudes to refineries. This was particularly the 
case in frontier producing areas such as the Williston 
Basin and the Rocky Mountains. As noted, many 
pipelines were either full or did not connect with the 
new output. Crude transport by rail was looked to as an 
alternative mode of transportation. The expression 
‘rolling pipeline’ came into use. Rail offered flexibility 
that some pipelines could not. For example, there are no 
crude oil pipelines that connect the Bakken crudes with 
refineries in California. Building a 1500 mile pipeline 
from North Dakota to Los Angeles would be 
extraordinarily expensive, and it would take a feat of 
engineering to get it across the Rocky Mountains. There 
are many railroad connections, however, and refiners 
looked to rail as a means to gain access to less expensive 
domestic crudes.

Crude transported via railcar grew quickly. According 
to the US Department of Transportation (DOT), 
9344 carloads terminated on US Class I railroads in 2008. 
In 2014, this had soared to 540 383 carloads. As Figure 13 
shows, US refinery crude receipts by tank car jumped 
from 18 000 bpd in 2011 to 94 000 bpd in 2012, to 
239 000 bpd in 2013, and to 431 000 bpd in 2014. In 2015, 
however, crude by tank car declined to 343 000 bpd. 
There was less demand for rail transport, one reason 
being that additional pipeline connections had been 
completed. 

It is also possible that safety concerns have been 
turning shippers away from railcars. The rapid increase 
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in crude by rail resulted in a number of accidents, including a 
catastrophic one involving rail transport from the US to 
Canada. This was the tragic Lac-Mégantic derailment in 
Canada’s Quebec Province in July 2013. The train was carrying 
Bakken crude to the Irving Oil refinery in New Brunswick. The 
derailment and explosion killed 47 people and spilled 
1.5 million gal. of crude oil. 

Another derailment occurred in November 2013 at 
Aliceville, Alabama. This was a derailment of 25 Bakken crude 
oil tank cars, causing a fire and a spill. Another Bakken crude 
train derailment occurred in December 2013 near Casselton, 
North Dakota, causing an explosion and a fire that 
necessitated the evacuation of thousands of people. 

LTOs are, as the name suggests, lighter than conventional 
heavy oils. Crude oils are complex mixtures of hydrocarbons, 
and LTOs contain a higher percentage of lighter compounds 
that, if fractionated out of the LTO, would be considered 
similar to NGLs or condensates. Stabilising a light crude prior 
to transport involves reducing the volatility and vapour 
pressure of the oil by removing the gaseous fractions. This 
has not been required with Bakken LTOs, and the issue 
remains contentious. Some believe that since Bakken LTOs 
have been the culprit in a variety of accidents, it stands to 
reason that the crude should be stabilised prior to shipment. 
Others point out that all crudes are flammable, and their 
opinion is that LTOs are no different from other light crude 

oils. An interesting hybrid view is that, yes, the LTOs 
contain more volatile fractions, but since North Dakota 
has no capability to handle the light ends, it would 
have to export them by rail, and that this would be 
even more dangerous than leaving them in the LTO. 
This is not at all clear, but it does serve to illustrate the 
point that people have widely ranging opinions on the 
matter.

The US DOT's Pipeline and Hazardous Materials 
Safety Administration (PHMSA) investigated the 
derailments and in January 2014, the agency issued a 
safety alert that Bakken crudes might be more 
flammable than traditional heavy crude. 

A number of regulatory measures followed, 
covering proper classification, reporting, inspections, 
training, retirement of some railcars and retrofitting of 
others, and other safety measures.

 n In 2014, there were derailments in New Brunswick, 
Pennsylvania, and Virginia. 

 n In 2015, there were derailments in Pennsylvania, 
West Virginia, Ontario, Illinois, and North Dakota. 

 n In June 2016, a 16 car derailment spilled Bakken 
crude in Washington state. 

 n In October 2016, Royal Dutch Shell abandoned its 
plans to build a 400 000 bpd oil train terminal in 
Washington State. 

 n In 2016, public officials in California rejected at 
least two other train terminal proposals, one by 
Valero Energy and one by Phillips 66.

Several states have proposed or enacted additional 
safety measures, including Illinois, Nebraska, 
Minnesota, New Jersey, California, Oregon, and 
Washington. Many of these measures are pending. 
Some residents would like to ban crude by rail entirely. 
The regulatory horizon is far from certain, and some 
rail terminal proposals have been delayed or outright 
cancelled.

After two years of low oil prices, however, some of 
the risk has been reduced because of the drop in US 
crude production, which fell by approximately 
568 000 bpd in 2016. However, as noted, the 
production decline has recently reversed. Foreign 
crude imports have risen in response, carried chiefly by 
pipeline and tanker.

The huge surge in crude transported by rail brought a 
number of tragic accidents. It is likely that new safety 
measures will require attention to all elements: the cargo, 
the railcars, the infrastructure, and the way the trains are 
operated. Several safety measures are now proposed 
and/or being enacted, but many states are dissatisfied, 
and they are planning measures of their own. 

The combination of increased experience and 
safety regulations with reduced oil in transit is almost 
certain to reduce derailments in the future, and to 
reduce the damage and potential loss of life when they 
do occur. But most forecasts for 2017 now look to 
higher prices and a resurgence in US crude production. 
Depending on where the production is located, it is 
possible that demand for oil transport by rail will rise 
once again.

Figure 15. Pipeline incidents have risen, but barrels 
spilled have declined.

Figure 14. US pipelines: miles by decade installed, crude 
and petroleum products, 2015.
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Pipeline age and safety record
Pipelines are considered the safest and least expensive mode 
for delivering crude to refineries, though even they can leak or 
rupture if damaged. The majority of US pipelines were built 
prior to 1970. When installed and maintained properly, steel 
pipelines can last for many decades, though welds and 
connection points can eventually become compromised. In 
2011, after serious incidents with natural gas pipelines, the 
US DOT and its PHMSA issued a call to action to accelerate the 
repair, rehabilitation, and replacement of the highest risk 
pipelines. The highest risk factors were age and material, since 
many of the oldest pipelines were built of cast and wrought 
iron rather than steel. The biggest threats to these lines is earth 
movement, usually caused by digging, seasonal frost heave, or 
changes in groundwater levels. PHMSA now reports on pipeline 
miles by decade installed.

As Figure 14 illustrates, the majority of refined product 
pipelines were built between the 1940s and 1970s. A large 
percentage of crude oil pipelines were also built during that 
time period, but there was a significant increase in construction 
of new crude pipelines during the decades 1990 – 1999, 
2000 – 2009, and now completed or planned for 2010 – 2019. 
Much of this investment came about because of the need to 
transport crude from shale plays.

The increase in oil transported by pipeline, combined with 
the risk factors of age and construction material, has 
contributed to an increase in serious incidents over the past 
decade. Serious incidents rose from 107 in 2006 to 179 in 2015. 
On the positive side, however, the volume of barrels spilled has 
declined. In 1996, PHMSA reported 160 188 bbls spilled. This 
declined to 137 052 bbls spilled in 2005. Over the past decade, 
there has been an increase in incidents, but oil spilled dropped 
to 102 424 bbls in 2015. Figure 15 displays this relationship.

Public concern over pipeline safety has increased. PHMSA 
recently received authority to issue industry wide emergency 
orders. Previously, PHMSA was allowed to issue corrective 
orders to only a single operator at a time, but Congress in 
June 2016 granted the agency broader emergency powers. The 
US midstream industry opposed this. Pipeline safety came back 
into the limelight in September 2016 with the Colonial Pipeline 
failure in a remote area of Shelby County, Alabama, which 
spilled an estimated 6000 bbls of gasoline. The company 
responded quickly, sequestering the spilled gasoline in mine 
water retention ponds. It reported no threat to public health 

or safety. Unfortunately, in the process of repairing the 
pipeline, a work team ruptured the line, causing one 
fatality and several injuries.

Conclusion:	the	next	oil	price	cycle	
and	US	crude	supply
The US’ downstream oil sector has undergone, and is 
undergoing, major changes. The strength in crude prices 
helped give birth to the US shale boom, which greatly 
expanded the supply of domestic crude and cut into 
foreign crude import requirements. Many of the new 
crudes were being produced in frontier areas that were 
not connected to the established pipeline network 
upon which US refineries relied. The refineries that had 
access to the less expensive crude feedstocks achieved 
high utilisation rates. The other refineries sought access 
via less conventional transport modes, such as rail car, 
tanker, barge, and truck. New pipeline connections 
were built as well. Safety issues arose in areas where 
crude had not been transported in such vast quantities 
before. Concerns over public safety continue to exist, 
and it remains to be seen whether infrastructure 
investments and public policy changes will improve the 
safety of oil transport.

The surge in US crude production contributed to 
the global glut, however, which motivated Saudi Arabia 
and other OPEC countries to launch a price war. The 
lower prices eventually shut in some US production, 
changing the crude diet and the modes of delivery. US 
crude inputs to refining grew in 2016 while prices were 
low. The question facing the industry is whether prices 
will increase and remain high in 2017 because of the 
OPEC and non-OPEC production cut pact. Or will high 
prices tempt additional US domestic crude back into 
production, and will this in turn cause prices to 
weaken? Supply, demand and price continue to 
interact.

Figure 16 illustrates how the cycle of US refinery 
receipts of crude oil has shifted. In the 1980s, US 
refiners received approximately twice as much 
domestic crude as foreign crude. In 1981, domestic 
crude runs averaged 8.306 million bpd, while foreign 
crude runs averaged 4.195 million bpd. By the late 1980s, 
US crude production entered into a period of decline 
that was considered inescapable. Foreign crude receipts 
rose steadily, reaching 9.887 million bpd in 2004. 
Refinery receipts of domestic crude dropped to 
5.721 million bpd in 2004. The shale boom changed this, 
and it reversed the roles once again. In 2015, refineries 
received 9.391 million bpd of domestic crude and 
7.061 million bpd of foreign crude. In 2016, another 
reversal seemed possible. US crude production was 
declining, and foreign crude imports were rising. If the 
OPEC-led price war had continued, it is possible that 
US production would have entered into another period 
of decline, and that foreign imports would have risen 
again. Now, as 2017 commences, the global supply and 
demand balance is in flux, and it remains to be seen 
how the cycle of foreign crude vs domestic crude 
continues in the US downstream sector. 

Figure 16. US refinery receipts of domestic vs foreign 
crude; the shale boom causes the reversal.
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Tower Technical Bulletin 
Reduce Column Maintenance Time with Quick Opening Manways

Background
The quick opening manway was first designed in 1978(1).  Ever 
since there have been numerous variations to the original design 
to facilitate a faster way to traverse quickly through a trayed 
distillation tower.  Sulzer Chemtech has also improved upon 
the original concept and currently has two varieties of Quick 
Opening Manways (QOM) to help reduce tower maintenance 
time and cost.

Quick Opening Manway Features
Traditional tray manways will have about 20 bolted assemblies 
that attach one manway securely to the tray deck.  It takes this 
number of assemblies because the flat sheet metal manways 
frequently get dislodged during operation.  To secure each of 
these manway assemblies (or remove them), it takes between 
30 to 60 seconds. This means that each manway takes 10 to 
20 minutes to be closed (or opened).  A tower with 20 trays, for 
example, will take between 3 to 6 hours to close the manways. 
Therefore, it is advantageous that a QOM must be able to be 
opened (or closed) in seconds and it must be also be as strong 
and secure as a normal manway. 

Manway Type #1 – For existing trays 
Existing manway hardware designed and supplied originally 
by Nutter Engineering and Sulzer Chemtech used the “slide 
fastener” design.  These assemblies used slots in the tray 
decks to enable the bolt assembles to slide onto the manway 
and secure it to the tray deck.  Sulzer’s new Quick Opening 
Manways are designed so that their outer extended tabs(2) fit 
directly into the existing slots of the previous conventional 
manways (see Figure 1).   

Manway Type #2 – For New Trays 
For new applications the securement at the manway edge is 
accomplished with Sulzer’s Lip Slot design(3).  Lip Slots have 
been employed in the distillation tray industry since 1965. 

Quick Opening Manway Strength 
Both QOM types use spring loaded handles to secure the 
manway to the tray deck and reduce the installation (and 
removal) time of the manway to seconds.  In addition, they both 
utilize the Split Manway locking mechanism that enhances the 
physical strength of the manway itself.  The locking mechanism 
makes the center of the manway a structural member ensuring 
that the QOM is much stronger than a traditional manway.  This 
enables the QOM to be secured simply with 2 Spring Loaded 
Handles at each end of the Manway.

Important Message 
Quick Opening Manways are best suited for those applications 
where the trays periodically foul and the trays need to be 
opened for cleaning 2 or 3 times annually.  This is especially 
true for Beer Towers in the Fuel Ethanol industry.  One 
unexpected shutdown for cleaning of a Beer Tower will pay for 
a set of QOMs. 

See the cited references for additional information;
(1) McClain, R.W. US Patent 4120919, Filed 23 May, 1977
(2) Patent Pending
(3) Sulzer TTB 3 Cost Effective Ways to Strengthen Trays 
against Uplift
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