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TYPES OF GAS STORAGE SIZE RANGE PRESSURE RANGE DELIVERY MODE

Vertical Vessels (API-620 and ASME) 10,000 - 500,000 Gal. 5 - 2,000 psig A, B, C, & D

Horizontal Vessels (API-620 and ASME) 10,000 - 1MM Gal. 5 - 2,000 psig A, B, C, & D

Spheres (API-620 and ASME) 10,000 - 3MM Gal. 5 - 400 psig C & D

API-620 Steel/Concrete Tank Options 500,000 - 40MM Gal. 2 - 15 psig C & D

API-650 EFR, IFR, Cone & Dome Roofs 20,000 bbl - 750,000 BBL 0 - 2.5 psig D

In the emerging hydrocarbon market, a critical decision 

is choosing the best storage solutions to meet a project’s 

unique needs. AT&V’s in-house capacity supports the options in 

the table below.  If you would like more information, call or email for 

support or a copy of our guide built to address gas storage options.

© 2019 AT&V

tanks@at-v.com

Delivery Modes:  A = Truck, B = Rail, C = Water, D = Site                                                  Vessels and Spheres can be Single Walled or Double Walled.

AT&V Storage Options

American 
Tank & Vessel
Offers Choices 
for Hydrocarbon 
Storage

Request a copy of our decision storage guide or ask us a question at tanks@at-v.com

AMERICAN TANK 
& VESSEL

SIZE RANGE PRESSURE RANGE DELIVERY MODE

10,000 - 500,000 Gal. 5 - 2,000 psig A, B, C, & D

10,000 - 1MM Gal. 5 - 2,000 psig A, B, C, & D

rket, a critical decision 

utions to meet a project’s 

capacity supports the options in 

e more information, call or email for 

uilt to address gas storage options.

AT&V Storage Options

https://www.at-v.com/
https://www.at-v.com/


@tanksterminals

like join
Tanks and Terminals@TanksTerminals

follow CONVERSATION
JOIN THE Copyright© Palladian Publications Ltd 2020. All rights reserved. No part of this publication may be reproduced, 

stored in a retrieval system, or transmitted in any form or by any means, electronic, mechanical, photocopying, 
recording or otherwise, without the prior permission of the copyright owner. All views expressed in this 

journal are those of the respective contributors and are not necessarily the opinions of the publisher, neither 
do the publishers endorse any of the claims made in the articles or the advertisements. Printed in the UK.

CONTENTS

ON
THE 
FRONT 
COVER

Summer 2020  Volume 06 Number 02  ISSN 1468-9340

03 Guest comment
05 World news
10  Evolutionary forces

Gordon Cope, Contributing Editor, explores Europe’s 
evolving energy needs and the new opportunities for 
infrastructure that are being created.

15 Extending inspection intervals
Rutger van Kampen and Jürgen Wölke, ROSEN Group, 
outline the importance of automation for the 
extension of inspection intervals.

19 The future of asset repair
Adam Wood, Belzona Polymerics Ltd, UK, outlines why 
composite repairs are the next step in the evolution of 
repair materials for storage tanks.

23 Drilling for better results
Ted Huck, Matcor Inc., USA, discusses a tank cathodic 
protection retrofi t project in the Middle East that used 
horizontal directional drilling technology.

27 More than one way to get the job done
Dave Maurer, Mesa ETP, outlines four major emission 
points from external fl oating roof penetrations and 
methods to reduce vapour loss.

31 Know the risks
Chris Damsell, Adler and Allan, and Simon Tilling, 
Burges Salmon, discuss the legal obligations of keeping 
fuel on site, outlining the implications of a spill and the 
importance of having an adequate emergency response 
plan in place.

35 Seeing is believing
Gurjeet Bansal, IntelliView Technologies Inc., Canada, 
explores the application of thermal imaging technology 
at terminals for automated real-time pipeline leak 
detection to shorten validation and response times, 
and prevent or mitigate business and HSE risks.

39 Working with wireless
Chris Frail, United Electric Controls, USA, highlights 
the benefi ts of using wireless technology to detect gas 
leaks.

44 A coordinated strategy
Joshua Hernandez and Helena Hjortsberg, Emerson, 
outline how the right instruments and system 
components combined with an effective strategy can 
help protect industrial plants and facilities.

49 Rising to the safety challenge
After an accidental fi re at the IOCL Jaipur Terminal, 
there was an initiative among oil storage facilities in 
India to improve the safety standards on their sites. 
Steve Podger, Rotork, UK, outlines how Rotork helped 
several companies meet these requirements.

51 The smart way to overfi ll prevention
Andreas Brückner, H. Timm Elektronik GmbH, Germany, 
explores the smart integration of overfi ll prevention in
truck loading control systems.

55 EFSO: a case study
Derek Blagg, Varec, USA, provides a case study of the 
recent implementation of an automated emergency 
fuel shut off system at Guam International Airport.

58 On the road again
Anton Albrand, SkyBitz, USA, examines a case study 
in which effi cient tracking of tank locations and fuel 
levels was essential to meet variations in customer 
demand.

61 Breaking things down
Richard Vann, RVA Group, UK, explores the challenges 
and opportunities associated with decommissioning 
projects in the Middle East.

HMT is a global leader in aboveground storage tank 
solutions. HMT knows that every customer’s needs 
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L iquid terminals are a critical logistics link in 
getting liquid products – like gasoline, diesel, 
chemicals, and liquid foods – into the hands 
of the ultimate consumer.  The vital nature 

of liquid terminals has never been more evident than 
during the COVID-19 pandemic.

Governments deemed terminal workers – and many of the workers responsible for 
transporting products to and from terminals – essential employees. Some may ask why? 

The reason is simple, especially when viewed in light of a global health crisis. 
Without terminals, there is no way of ensuring adequate supplies of gasoline, diesel and 
jet fuel so that emergency supplies and food can be delivered by plane or truck, and 
emergency personnel can travel to work. Without terminals, we can’t manufacture sterile 
surgical gowns, masks, the N95 respirators, IV lines, and intubation equipment. All of 
these products are made from petrochemicals, derived from oil and gas, and stored and 
transported through terminals. 

Because of the crucial role terminals play, ILTA’s members worked diligently to safely 
continue with their vital operations during the COVID-19 pandemic, even while they took 
precautions to protect workers and contractors.

ILTA members took a number of actions to ensure that their personnel are protected, 
and operations continue safely. For instance, they followed government and CDC 
recommendations for practicing personal hygiene and social distancing, and followed 
guidance on healthy operations of terminals, including at ports and harbours and at truck 
loading racks. Company plans were also developed and updated to minimise health risks 
and ensure operations continued safely. Members also stayed in close contact with fellow 
terminal operators (in order to exchange information on best practices for continued 
operations and worker safety) and with regulators and other federal, state and local 
government offi cials to exchange information, identify challenges and resolve issues to 
ensure continued safe operations, critical to COVID-19 response. Members also worked 
with allied industry, such as truck drivers and fuel distributors, either directly or through 
ILTA, to confront challenges presented during the pandemic to ensure safe, effi cient 
operations and protect the health of all employees and contractors

The pandemic also presented challenges to ILTA as an organisation, and it forced us to 
fi nd new ways to communicate and fi nd solutions for our members. Among other things, 
ILTA began a weekly terminal operators call to allow terminal members to hear the latest 
updates on industry responses to COVID-19. We created a dedicated webpage with links 
to government sites, industry pandemic preparedness plans and other resources, as well as 
an online Peer Exchange site to allow terminal company professionals to post questions, 
respond to posts from others, and to share availability of newly released documents, 
upcoming webinars, or other resources relevant to the tank terminal industry.  

Another major challenge was our conference and trade show, which was originally 
slated for June. In mid-April, ILTA opted to shift the dates to 16 – 18 November. We based 
this decision on what we heard from our members and our exhibitors, and we’re confi dent 
this is the best way for ILTA to serve the industry during these unprecedented times. Safety 
is always a priority for our industry, and our decision to shift the event to later this year is 
guided by that. You can learn more or register for ILTA 2020 on our website: www.ilta.org.

I’m extremely proud of ILTA’s members – and the entire terminal community – and all 
their workers for the important contribution they have made to keep vital supplies fl owing 
during extremely diffi cult times. I join in wishing all communities safety and health as the 
situation continues to evolve, and I hope to see you all in Houston in November.

KATHRYN CLAY
PRESIDENT, INTERNATIONAL LIQUID TERMINALS 

ASSOCIATION (ILTA)
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The Netherlands | Neste acquires Count 
Terminal Rotterdam

Neste has acquired 100% of the 
Dutch Count Companies BV’s 

Count Terminal Rotterdam BV and its 
supporting entities, part of the First 
Dutch Group of Peter Goedvolk. The 
transaction was signed and closed 
on 7 May 2020.

Count Terminal Rotterdam 
stores, refi nes and blends renewable 
waste and residue-based raw 
materials in the Rotterdam harbour 
area. Count Terminal Rotterdam will 
be the fi rst terminal asset Neste 
owns for renewable feedstock 

aggregation, thus enabling Neste to 
further develop its raw material 
logistics for the future. The 
transaction will also enhance Neste’s 
competitiveness in the global 
renewable waste and residue raw 
material market.

“This acquisition supports our 
efforts to build a global renewable 
waste and residue raw material 
platform that can keep pace with 
the world’s growing demand for 
renewable products”, said Peter 
Vanacker, Neste’s President and CEO.

China | Petrochemical 
port enters 
operation

S inopec Corp. has put China’s 
largest petrochemical port into 

operation with the successful 
docking and unloading of the 
New Renown, a very large crude 
carrier (VLCC) from the Middle East. 
The tanker was welcomed at the new 
300 000 t crude oil terminal of 
Sinopec Zhongke Refi nery Port, 
which forms part of the company’s 
‘front terminal, rear plant’ production 
model.

Housed 1100 m from Sinopec’s 
refi nery plant, the petrochemical 
port features eight terminals 
including a 300 000 t crude oil berth, 
100 000 t oil berth and supporting 
facilities – providing a total capacity 
of 34 million tpy. To date, the berth is 
the largest domestic refi ned oil 
terminal with a loading and 
unloading capacity of 5.61 million tpy. 

The Sinopec Zhongke Refi nery 
Port is part of Zhanjiang Integrated 
Refi nery and Petrochemical Complex 
– a key component of the 
Guangdong Province’s 13th Five-Year 
Plan. The fi rst phase of the project 
will add over 10 million t of refi ned 
crude oil capacity and 800 000 tpy 
of ethylene units, in addition to 
auxiliary supporting facilities.

USA | Freeport LNG starts commercial operations

Freeport LNG has announced that 
it has started commercial 

operations for its third liquefaction 
train, with the commencement of 
liquefaction services to Total S.A. 
and SK E&S.

The liquefaction facility is the 
seventh largest in the world and the 
second largest in the US. In order to 
produce 15 million tpy of LNG, the 
company’s three train export facility 
will process more than 2% of the 

total annual US production of 
natural gas.

Freeport LNG’s economic 
investment will result in 24 000 to 
30 000 direct and indirect jobs 
created across the US through 
increased natural gas exploration, 
drilling and production, as well as 
incremental expenditures for goods 
and services in other industries.

Freeport LNG’s Train 1 and 2 have 
been in commercial operation since 

mid-December 2019 and 
mid- January 2020, respectively.

Zachry Group, as the joint 
venture lead, partnered with 
McDermott for the pre-FEED in 2011, 
followed by FEED works to support 
the early development stage of the 
project as a one-stop-shop solution 
provider for Trains 1 and 2. Chiyoda 
later joined the joint venture 
partnership for work related to 
Train 3. 

France | Rubis and I Squared Capital finalise 
partnership

Rubis has formed a joint venture 
partnership with I Squared Capital, 

a global infrastructure investor, through 
an investment in Rubis Terminal.

I Squared Capital has acquired 45% 
of the shares in Rubis Terminal and will 
jointly control the company alongside 
Rubis.

With a portfolio of 13 facilities and 
a capacity of 3.5 million m3 across four 
countries, Rubis Terminal provides 
critical bulk-liquid storage infrastructure 
to a diversifi ed base of industrial 
customers across a broad range of 
petroleum, chemical and agri-food 

products. The partnership will 
accelerate Rubis Terminal’s strategic 
plan to strengthen its position, diversify 
its product offerings, and explore 
expansion outside of Europe.

“I Squared Capital has developed 
17 infrastructure platforms in the last 
few years and will use the same 
approach of operational optimisation, 
bolt-on acquisitions and select 
greenfi eld projects to develop in 
partnership with Rubis,” said 
Sadek Wahba, Chairman and Managing 
Partner of I Squared Capital and a board 
member of Rubis Terminal. 
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Given current market conditions, Shell has 
announced that it will not proceed with an 
equity interest in the proposed Lake Charles 
LNG project. Accordingly, Energy Transfer will 
take over as the project developer.
Shell will continue to support Energy Transfer 
with the ongoing bidding process for the 
engineering, procurement and construction 
contract, and then plan a phased handover of 
the project’s remaining activities.


Odfjell is pleased to announce that Odfjell 
Terminals (China) Pte Ltd (OTC) has completed 
the sale of its 50% shareholding of Odfjell 
Terminals (Dalian) Co. Ltd. (OTD) to VTTI 
Terminals I B.V., a subsidiary of VTTI group, for 
a total cash consideration of US$59 million. 
OTC is indirectly owned by Odfjell (51%) 
and Lindsay Goldberg (49%). For Odfjell, 
the transaction will result in a net cash 
gain of US$27 million and an equity gain of 
US$13 million to be reported in 2Q20.


Sempra LNG, a subsidiary of Sempra 
Energy, has announced that Cameron LNG 
has begun producing LNG from the third 
and final liquefaction train of its Phase 1 
liquefaction-export project in Hackberry, 
Louisiana. Commercial operations for Train 3 
under Cameron LNG’s tolling agreements 
remain on track to begin in 3Q20. 


OxGas, a company fully owned by the Port 
of Oxelösund in Sweden, has commissioned 
MAN Energy Solutions to act as ‘owners 
engineer’ in the development and construction 
of a multi-functional terminal for liquefied 
methane-based fuels in the port of Oxelösund. 
The terminal will be designed to feed both 
LNG and green methane derived from biogas 
to SSAB’s steel production in Oxelösund, and 
to re-distribute it via train and trailers to other 
parts of Sweden.

UAE | Brooge announces technical studies for 
refinery and oil terminals

Brooge Energy Ltd has appointed 
MUC Oil & Gas Engineering 

Consultancy (MUC) to complete the 
basic design for a 180 000 bpd refi nery 
and a front end engineering design 
(FEED) study for its planned Phase III 
oil storage terminals in Fujairah.

The studies will develop all 
necessary technical defi nition, cost 
and schedule estimates for the 
proposed Phase III facility. 

Brooge Energy believes that, upon 
completion, the Phase III facility can 

add an additional storage capacity 
ranging from 2.1 million m3 up to 
3.5 million m3 of fuel oil, clean 
products and crude oil. 3.5 million m3

equates to approximately three and a 
half times the size of its projected 
post-Phase II capacity of just over 
1 million m3. The company also aims to 
include a refi nery of up to 
180 000 bpd. 

The layouts and refi ning capacity 
are expected to be fi nalised upon 
FEED study completion.

USA | Moda Midstream completes expansion

Moda Midstream LLC has placed into 
service the fi nal 495 000 bbl tank 

from its 10 million bbl crude oil 
expansions at the Moda Ingleside Energy 
Center (MIEC) in Ingleside, Texas, and the 
Moda Taft Terminal in Taft, Texas. The 
completion of this storage expansion 
brings total storage capacity at MIEC and 
the Moda Taft Terminal to 
approximately 12 million bbl.

Construction has begun at MIEC on 
a new expansion phase of an additional 
3.5 million bbl of crude oil storage. Moda 
expects to begin placing storage tanks 
from this expansion into service later 

this year. MIEC will have total storage 
capacity in excess of 15.5 million bbl 
upon completion of construction.

Moda has also obtained permits to 
construct additional crude oil storage 
capacity at both MIEC and the Moda 
Taft Terminal, and is discussing further 
expansions with customers.

“At a time when there is a pressing 
need for additional crude oil storage, 
the early delivery of the tanks is another 
example of Moda’s ability to 
consistently provide solutions to our 
customers,” said Moda President and 
CEO, Bo McCall.

The Netherlands | Step forward for HES Hartel 
Tank Terminal

V isser & Smit Hanab, a 100% 
subsidiary of VolkerWessels, has 

offi cially handed over the subsea 
pipelines to HES Hartel Tank Terminal, a 
project of HES International B.V.

These underground pipelines 
connect the HES Hartel Tank Terminal 
with the nearby BP refi nery. The 
completion of this part of the project 
represents another step forward in the 
development of the 1.3 million m3 liquid 
bulk storage terminal.

The total package of pipelines 
installed consists of a 24 in. steel 

pipeline, four 16 in. steel pipelines, and 
an HDPE pipe of 315 mm, all with a 
length of around 1000 m.

The pipelines were installed by 
means of horizontal directional drilling 
(HDD). Visser & Smit Hanab have also 
installed pipelines in the pipeline 
corridor and the created manifolds.

HES Hartel Tank Terminal will be the 
fi rst terminal in the Netherlands built 
according to the latest PGS 29 
regulations for tank storage, meaning 
that the terminal will meet very high 
safety and environmental standards.



Trinity Consultants provides broad support to storage tank owners regarding 
EHS compliance as well as design and inspection support. We can help you with:

Air and multimedia EHS permitting and compliance support
Process Safety Management (PSM)/Risk Management Planning (RMP)
Floating roof design and inspection
Professional training on environmental regulations and emissions calculations
Tank emissions calculation software – BREEZE® TankESP™  

BREEZE TankESP software includes updated EPA emissions methodologies 
and powerful productivity enhancements to effectively manage tank 
emissions calculations.

For EHS assistance for your storage tanks, contact us at 
trinityconsultants.com or +1 972.661.8100.

Choose Trinity and Streamline EHS Compliance

Serving Your Tanks and 
Terminals Needs for 
Over 45 Years  

trinityconsultants.com / +1 972.661. 8100
North America / Europe / Asia / Australia

https://www.trinityconsultants.com/
https://www.trinityconsultants.com/
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DIARY DATES
25 June 2020
Refi nery of the Future
Online conference
www.hydrocarbonengineering.com/refi nery2020

25 - 27 August 2020
AFPM Summit
Online conference
www.afpm.org/conferences

8 - 10 September 2020
Gastech 2020
Singapore
www.gastechevent.com

15 - 17 September 2020
Turbomachinery & Pump Symposia
Houston, Texas, USA
tps.tamu.edu

30 September - 1 October 2020
8th European Bulk Liquid Storage Summit
Cartagena, Spain
www.wplgroup.com/aci/event/european-bulk-liquid-
storage/16/

16 - 18 November 2020
ILTA 2020 International Operating Conference & 
Trade Show
Houston, Texas, USA
www.ilta.org

16 - 19 November 2020
ERTC
Madrid, Spain
ertc.wraconferences.com

8 - 9 December 2020
13th Annual National Aboveground Storage Tank 
Conference & Trade Show
The Woodlands, Texas, USA
www.nistm.org

16 - 18 March 2021
StocExpo
Antwerp, Belgium
www.stocexpo.com

8 - 10 June 2021
Global Energy Show
Calgary, Canada
www.globalenergyshow.com

USA | Prostar plans investment

Prostar Capital has announced that 
its newly acquired GTI Statia (GTIS) 

storage terminal will invest up to 
US$100 million to expand and upgrade 
operating capacity to meet demand 
from new and existing customers.

GTIS is one of the largest 
independent crude and refi ned 
product storage terminals serving the 
US Gulf Coast, Latin American and 
Caribbean markets. Prostar acquired 
the asset in July 2019 from NuStar 
Energy LP. 

Prostar’s capital investment plan for 
the terminal involves the investment 
of up to US$100 million over the next 
two years on tank upgrades, jetty and 

marine infrastructure improvements. 
The upgrades will further GTIS’s role as 
a major provider of make- and 
break-bulk services to customers 
looking to move crude oil by VLCC in 
and out of the US Gulf Coast, as well as 
to end markets in the Asia-Pacifi c 
region. The improvements will also 
allow GTIS to continue to provide 
bunkering services to cruise and cargo 
customers throughout the Caribbean. 
The capital investment plan aims to 
improve infrastructure fl exibility, a 
critical factor for storage operators in 
enabling the transition to low-sulfur 
marine fuel dictated by new IMO 2020 
regulations.

UAE | Strategic agreement signed for storage 
terminal 

Abu Dhabi Ports has signed a strategic 
agreement with Arabian Chemical 

Terminals (ACT) that will see the 
development of the emirate’s fi rst 
greenfi eld commercial bulk liquid 
storage terminal at its deepwater Khalifa 
Port.

The project will diversify Abu Dhabi 
Ports’ portfolio with enhanced 
capabilities in the handling of liquid bulk 
products and gases.

The bulk liquid terminal will be 
developed on a 50 000 m2 land plot 
adjacent to a 16 m deepwater quay 

access, with the option for an additional 
150 000 m2 of land. The project is set to 
be completed in two phases with the 
fi rst stage slated for commissioning in 
the second half of 2022 entailing the 
deployment of 44 storage tanks sized 
1250 and 3000 t each. The terminal’s 
second phase will commence following 
expansion of the surrounding area and 
will consist of a number of larger 
industrial storage tanks and spheres.

Upon completion, the facility will be 
able to handle a number of liquid bulk 
products.

Singapore | Pavilion Energy and SLNG ink deal

Pavilion Energy Pte Ltd and 
Singapore LNG Corp. Pte Ltd 

(SLNG) have strengthened their 
cooperation through the signing of a 
fi ve-year agreement for LNG storage 
and reload services at the SLNG 
Terminal on Jurong Island. 

This is the fi rst of such an 
agreement signed for a term longer 
than two years, following a 
competitive bid process. Under the 
agreement, Pavilion Energy will have 

access to tank capacity of 180 000 m3

on a segregated basis at the SLNG 
Terminal over the next fi ve years. 

Such capacity will support a 
higher volume of LNG trading 
activities, including LNG breakbulk 
and vessel cool-down services. 

The contract’s longer tenure 
allows Pavilion Energy greater 
fl exibility in managing its LNG 
portfolio, market fl uctuations and 
demand dynamics.

https://www.hydrocarbonengineering.com/refinery2020/
https://www.afpm.org/events
https://www.gastechevent.com/
https://tps.tamu.edu/
https://www.wplgroup.com/aci/event/european-bulk-liquid-storage/16/
https://www.ilta.org/
https://ertc.wraconferences.com/
http://www.nistm.org/
https://www.stocexpo.com/en/
https://www.globalenergyshow.com/
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A wide assortment of factors is prodding Europe’s 
energy sector. Evolving sources of natural gas (LNG 
and Nord Stream 2), environmental changes (IMO’s 
low sulfur fuel directive, NGO pressures, EU 

carbon-free directives), the phase out of nuclear energy, and 
the integration of domestic networks into continent-wide 
systems are just some of the elements that require tank and 
terminal operators to adapt.

New construction
HES International is currently building the largest greenfi eld 
tank terminal in the Netherlands. The Maasvlakte 
1.3 million m3 liquid bulk storage terminal is being constructed 
in the port of Rotterdam. It will have 52 storage tanks ranging 
in size from 5000 m3 to 50 000 m3. HES, which already 
operates three dry bulk and one liquid bulk terminals in 
Rotterdam, is looking to leverage large-scale investments by 
major operators in the port by supplying storage and shipping 
services for refi ned liquids including diesel, gasoline, biofuels, 
and kerosene, as well as blending services for third parties. In 
addition to the tanks, the project includes an 1100 m quay 
with a maximum draft of 23.6 m. The depth allows very large 
crude carriers (VLCCs), with a maximum capacity of 

Gordon Cope, Contributing Editor, 
explores Europe’s evolving energy 

needs and the new opportunities for 
infrastructure that are being created.  
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2 million bbl, to dock. The project is expected to be 
completed by late 2021.

Plans have solidifi ed since Ineos Rolle announced in early 
2019 that it is building a greenfi eld ethane cracker and 
propane dehydrogenation (PDH) facility in Antwerp, Belgium. 
In June 2019, the Swiss-based company announced that 
South Korean contractor SK Engineering & Construction had 
been selected for front-end engineering and design (FEED), as 
well as the preferred bidder for the core PDH unit. The 
€3 billion petrochemical complex, which will use liquid 
ethane imported from the US as feedstock, will produce 
750 000 tpy of propylene when commissioned in 2024.

As part of its goal to expand its refi ning and marketing 
footprint globally, Saudi Aramco announced ambitious plans 
to expand its oil supply to Europe from 1 million bbl/month 
to 10 million bbl/month over the next two years. In addition 
to opening a trading operations offi ce in London, UK, it will 
augment its storage facilities in Rotterdam, which currently 
stand at 6 million bbl.

In Croatia, INA has signed a €450 million contract with 
Maire Tecnimont to build a delayed coking complex at its 
90 000 bpd Rijeka refi nery on the Adriatic Sea in order to 
produce high quality, low sulfur fuels. In addition to the 
coking unit, the contract includes terminal storage and 
loading infrastructure improvements.

In December 2019, PKN Orlen contracted with Fluor Corp. 
to expand its olefi ns production at its 327 300 bpd refi nery 
and petrochemical complex at Plock, Poland. The contract is 
part of the company’s US$2 billion Petrochemical 
Development Programme (PDP) that aims to add 30% to its 
existing capacity by the end of 2023.

ExxonMobil is expanding production of ultra-low sulfur 
diesel at its 270 000 bpd Fawley refi nery in Southampton, UK. 
The work involves the design and construction of a 
hydrotreater and steam methane-reforming hydrogen plant. 
When completed, output of ultra-low sulfur diesel is 
expected to rise 38 000 bpd, to a total of approximately 
122 000 bpd. The new capacity is part of ExxonMobil’s 
US$1 billion plan to improve both production and related 
infrastructure at Fawley, which includes a mile-long terminal 
that handles 22 million tpy of crude and fuel products.

Nord Stream 2
Without a doubt, Gazprom’s Nord Stream 2 pipeline, 
currently entering its fi nal phase of construction, is Europe’s 
largest – and most controversial – energy project. The 
1200 km gas line running under the Baltic Sea from Russia to 
Germany has a capacity of 55 billion m3/yr, and will double 
system capacity to 110 billion m3 annually, offsetting declines 
in the EU’s North Sea fi elds. 

As of early 2020, the second pipeline was over 90% 
complete, with only a 176 km section through Danish waters 
awaiting construction. The US Congress, worried that the 
new line will give Russia expanded leverage over Europe, 
included clauses in the US 2020 military-spending bill 
threatening sanctions against companies building the line. 
Swiss-based Allseas subsequently demobilised its vessels 
laying the fi nal leg in Danish waters. Russia announced that 
it would mobilise its own pipe-laying fl eet to fi nish the 
project. In late February 2020, a pipe-laying ship, the 

Akademik Cerskiy, left the port of Nakhodka, on Russia’s 
Pacifi c coast, but Russian sources have conceded that 
repositioning and provisioning new vessels would likely push 
back completion into early 2021.

LNG
Regardless of the eventual outcome of Nord Stream 2, EU 
nations have already taken steps to diversify gas sources. 
Over the last two years, the continent has increased its LNG 
imports, from 49 million t in 2018 to approximately 
70 million t in 2019. The increase has been largely attributable 
to lower LNG prices as new capacity comes online in the US, 
and the low-price trend is likely to continue as other 
jurisdictions (Qatar has announced plans to increase its LNG 
capacity from 70 million tpy to 126 million tpy by 2027), 
follow suit. Poland has inked several new contracts to import 
LNG, including a long-term agreement with US-based 
Cheniere Energy to deliver 40 billion m3 annually after 2023.

Although the EU has approximately 227 billion m3

regasifi cation capacity (enough to cover 40% of Europe’s 
annual needs), terminals are not evenly spaced throughout 
the continent. Germany has announced plans to build two 
new terminals, the Wilhelmshaven Floating and Brunsbuttel 
facilities will have a total capacity of 1.7 billion ft3/d when 
they come online in 2022. Spain is adding 670 million ft3/d to 
its El Musel terminal. Croatia, with no regasifi cation capacity, 
is planning on bringing the 600 million ft3/d Hrvatska terminal 
into service by 2023.

IMO 2020
Starting on 1 January 2020, the International Maritime 
Organization (IMO) mandated that ships burn fuel with a 
maximum sulfur content of 0.5% (referred to as very low 
sulfur fuel oil, or VLSFO).

Major marine terminals throughout the world began to 
shift tanks away from 3.5% high sulfur fuel oil (HSFO) in 2019. 
Because VLSFO cannot be mixed with other fuels, new tanks 
were required to handle the estimated 3.5 million bpd global 
demand. Shipping conglomerate A. P. Moller-Maersk, for 
instance, entered a join venture (JV) with Royal Vopak to 
construct a 2.3 million tpy storage facility in Rotterdam. 

Most shippers have been feeling fi nancial pain in early 
2020 as premiums for low sulfur fuels soared signifi cantly. 
S&P Global Platts data showed that January 2020 prices for 
VLSFO averaged US$511/t vs US$363/t for HSFO in 
January 2019. The 40% rise is due to higher refi ning costs and 
surging demand. Shippers are expected to bear the brunt of 
the costs until refi ners increase capacity. Swedish-based 
Preem, for instance, is building a residue hydrocracking plant 
at its 220 000 bpd refi nery in Lysekil, Sweden in order to 
produce ultra-low sulfur products from its vacuum residue.

Environmental challenges
Environmental opposition has arisen over the Ineos PDH 
plant in Antwerp. When the company applied for a provincial 
environmental, the Flemish authorities called upon the public 
for comment. Three main objections have emerged. First, the 
building of the plant would require the deforestation of 
approximately 50 ha. of mature trees. Secondly, the output of 
plastics would only add to the current marine pollution 
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woes, and thirdly, would emit carbon dioxide from the 
ethane feedstock. 

Nord Stream 2 also faces environmental opposition. In 
May 2019, climate activists occupied a section of the pipeline 
in northern Germany, claiming that natural gas was as 
destructive as the burning of coal. 

Solutions
In conjunction with Finland-based Neste Corp, Austria’s 
Borealis AG has begun producing renewable polypropylene 
(PP) at its facilities in Kallo and Beringen, Belgium. Neste uses 
its proprietary technology to convert almost any bio-based 
oil, fat or raw material into premium quality propane.

Borealis will use Neste’s output from its Belgium-based 
facilities to create a wide range of renewable PP products, 
reducing its fossil fuel based feedstock. “Using renewable 
feedstocks produced primarily from waste and residue 
streams is a major contribution to reducing our reliance on 
fossil fuel based feedstocks,” explains Lucrèce Foufopoulos, 
Borealis Executive Vice President Polyolefi ns, Innovation & 
Technology. “Through co-operation with Neste we can offer 
our customers and partners a new portfolio of renewable-PP 
solutions, helping them to make their offering more climate 
friendly.”

Preem has announced plans to eliminate greenhouse gas 
(GHG) emissions at both its Lysekil and Gothenburg 
refi neries (representing 345 000 bpd capacity) across its 
entire value chain by 2045. It intends to build a full-scale 
carbon capture plant at Lysekil to reduce CO2 emissions by 
33% by 2025, and to produce up to 5 million tpy of 
renewable diesel and aviation fuels by 2030. 

In Germany, scientists are working on an 
environmentally-friendly method for creating jet fuel. It is 
based upon a synthesis process that fractures water into 
oxygen and hydrogen, then combines carbon to make 
methanol, which is then refi ned into kerosene. Although 
carbon is released on combustion, by using surplus wind 
energy, the fuel is deemed carbon-neutral. Lufthansa has 
contracted with the Heide refi nery in Germany to produce the 
kerosene; fi rst commercial delivery is slated for 2023, with the 
goal of supplying 5% of Hamburg airport’s needs by 2024.

Versalis, the chemical subsidiary of Eni, has announced 
plans to develop a new way to recycle plastic waste. The 
Italian company is teaming up with SRS to develop a 
pyrolysis technology to convert mixed plastic waste that 
cannot currently be economically recycled. The output will 
be compounds identical to virgin polymers. The fi rst 
6000 tpy plant will be built at Versalis’s Mantova site, with 
plans to scale up other sites in Italy.

COVID-19
The COVID-19 pandemic has had a tragic impact in Europe, 
killing tens of thousands and forcing lockdowns and 
quarantines of entire countries. Fuel consumption has 
plummeted, leading to the topping-up of crude and fuel 
storage facilities while producers and refi ners scramble to 
curtail production. Fortunately, the worst has passed for 
many nations, and restrictions are being slowly lifted. 
Authorities are cautiously optimistic that some degree of 
normalcy may soon return.

Future
Key markets for Europe’s LNG regasifi cation are reaching 
full capacity. In December 2019, Wood Mackenzie released 
a statement noting that northwest Europe needs more 
regasifi cation capacity if it expects to meet growing 
demand with relatively cheap LNG. “European terminals, 
particularly those in the northwest, have handled large 
volumes of LNG this year (2019),” said Cameron Coogan, 
an analyst on Wood Mackenzie’s Europe Gas & LNG team. 
“This is because the northwest European market is a liquid 
one, and there is enough demand to soak up the surplus 
spot cargoes. However, this has pushed a number of 
European regasifi cation terminals to the limit.”

Coogan expects bottlenecks to appear by 2025 unless 
major new capacity is approved. “Time is running out. The 
lead time on a new project can be fi ve or more years, 
which means if FIDs aren’t taken in the next year or so, the 
extra capacity required may not be in place before the 
next LNG glut. If more capacity is not constructed soon, 
LNG imports will be limited by physical constraints and 
northwest Europe will struggle to soak up the global 
surplus.”

The short-term future for tanks and terminals in 
Europe will be affected by several factors that may have 
a negative impact on the refining sector. While larger 
facilities are expected to benefit from IMO 2020, 
smaller operations with less flexibility may be hit hard 
when HSFO demand disappears. “I believe some of these 
old, weak refineries will have to shut down,” said 
Srinivasalu Thangapandian, CEO of Essar Oil UK. “Fuel oil 
is going to be negative and gasoline, you see margins of 
almost zero.” 

In the medium-term, Europe’s refi ning sector will be 
affected by the pace of construction of greenfi eld plants 
around the world. The 650 000 bpd Dangote refi nery in 
Nigeria is due to enter fuel production by late 2021, and 
several major facilities are planned in other jurisdictions. 
“The future of EU refi ning will largely depend on how 
refi nery investment goes in the Middle East and Asia,” 
noted FGE, a consultancy based in London. “If it continues 
aplenty, then some EU refi ners will be in trouble 
post-2025 as there will be too much capacity globally.”

In the long-term, Wood Mackenzie notes that global 
oil demand growth is expected to slow from 1.2% annually 
to 0.5% due to higher fuel effi ciency, alternative fuels and 
the greater adoption of electric vehicles. While demand 
in Asia will remain strong, the average will be pulled down 
by Europe, which will see annual road fuel demand shrink 
by 0.3% starting in 2021, and continuing through 2035. The 
consultancy estimates that the EU’s refi ning sector could 
decrease by as much as 900 000 bpd in the next 15 years 
in order to maintain 80% utilisation rate.

While Europe faces many challenges, the continent’s 
thirst for refi ned products and petrochemicals will remain 
a signifi cant portion of world consumption, however. 
New-build, expansions and re-engineering to meet new 
product demand continue to create opportunities for the 
tanks and terminals sector. The ingenuity and fl exibility 
that the energy sector has shown over the last decades 
guarantees a host of prospects for years to come. 
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M anaging inspection and maintenance 
programmes to keep assets reliable 
and compliant is not necessarily 
getting easier these days. Yes, the 

world is automating, bringing us many systems 
that automate work processes and decisions 

related to asset integrity management – but these 
are only as good as the data you put in. In today’s 
world of big data, this is a rapidly growing task, one 
that for some may already be too big to manage, 

thus requiring additional personnel.

Staying on top of the data pile
Because the industry is in the early phases of the 
digital transformation, solutions are still in the making. 
In fact, instant reporting in digital formats that are 
easily traceable and auditable while supporting the 
setting of repair strategies based on inspection data 
has been available since the early 1990s. Today, the 
industry has fully digital report compilation and 
delivery at its disposal.

Rutger van Kampen and Jürgen 
Wölke, ROSEN Group, outline the 

importance of automation for the 
extension of inspection intervals.
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The ideal future presents itself today as a scenario 
where the entire value chain is digitally connected, and 
the human factor of data handling is eliminated. In 
cases where systems and decision-making processes do 
become fully digitised and automated, the quality of 
the decision made will depend fully on the data with 
which a system is being fed. In a world where 
inspection – and inspection management systems – 
become more automated, inspection competence 
naturally becomes scarce. Inspection systems that are 
operator independent must therefore be able to ensure 
the safety and reliability of assets. 

Early warning system
Just like many problems in daily life, corrosion starts 
small. Therefore, detecting it early leaves more time to 
act for the operators. Reliable and timely detection of 

time-dependent damage mechanisms, including 
corrosion, is essential for an operator’s confidence in 
inspection findings, resulting repairs and the 
determination of the next inspection date (NID). 
Demonstrating the presence or absence of any small 
indications enables operators to obtain more precise 
corrosion-rate determinations and extend inspection 
intervals by repairing smaller defects.

When talking about corrosion, a common 
understanding of the capabilities and, even more 
importantly, the limitations of the applied detection 
method is important. A very common 
misunderstanding, causing much confusion, is the 
definition of pinholes, pitting and general corrosion, 
which are the most common corrosion types on 
storage tanks. The general understanding is quite 
well-known to the industry. When it comes to their 
exact differentiation, however, the situation is 
different. For instance, in the in-line inspection (ILI) 
world, the Pipeline Operators Forum (POF) defines 
these classifications in the document ‘Specifications 
and requirements for in-line inspection of pipelines.’ 
Such a classification could be created for tank 
inspections, as well, potentially bringing the industry 
many benefits, including the following:

Easier comparison of inspection techniques.
More efficient repair strategies on the basis of 
more detailed information.
Increased risk assessment quality.
A common understanding of corrosion damage 
instead of individual definitions.

Once it has been defined what to look for, the next 
important topic arises: how much surface can be 
covered? In certain cases, spot checks are sufficient. 
This would be applicable if the desire is to get an 
impression of the integrity condition of the tank, if an 
indication of severity is required in order to prioritise, 
or if certain elements of an asset are not expected to 
be affected by pitting or pinholes. Nevertheless, with 
asset elements that are exposed to a high risk of 
damage/corrosion (e.g. tank bottoms), larger surfaces 
need to be covered. Therefore, a so-called mapping 
service is advised. Spot checks would give an indication 
of severity, but they would certainly leave a precarious 
risk of missing a relevant flaw, which can lead to an 
uncontrolled out-of-service. 

According to asset owners, the quality of inspection 
reports varies widely, even when they are based on the 
same inspection technique. There are three main 
potential factors that contribute to this.

Utilising a detection scanner 
When utilising such a scanner, all found features must 
be followed up. This follow-up is typically performed 
by manual depth measurement as well as ultrasonic 
spot measurements for top-side indications and 
ultrasonic scrubbing for bottom-side indications. With 
this information, a feature list needs to be created, 
which is typically written on pieces of paper and then 

Figure 1. Classification of the different corrosion 
types.

Figure 2. The tank bottom layout shows the 
indications as they are situated on the bottom plate.
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typed into a digital format. Hence, the human factor is 
significant during the entire follow-up process, and 
particularly consequential at the following steps:

Accuracy of ultrasonic scrubbing
For a required accuracy of ±8% on a metal plate of 
0.25 in. (6 mm), the ultrasonic measurement has to be 
accurate up to ±0.019 in. (0.5 mm). This is possible in a 
few locations, but when hundreds of follow-ups need 
to be performed manually – one after the other – the 
introduction of mistakes is very likely.

Time effort
Follow-ups take time. Top-side follow-ups are fairly 
simple and fast. Reporting included, five minutes per 
follow-up is expected. Bottom-side follow-ups, 
however, are more difficult and time-consuming, taking 
up to 15 min. each. 

Missing follow-ups and typos 
Many sheets of paper are required to write down all of 
the follow-ups, and these would need to be manually 
transferred into a digital format for the final report. 
The risk would be quite high that a page is forgotten, 
the handwriting is misread or a typo sneaks in. All of 
this has a direct and crucial effect on the quality of the 
inspection report. 

Therefore, it is advisable to utilise an inspection 
technique that is capable of automatic sizing. Feature 
verification must still take place to ensure that the 
sizing algorithms are working correctly. Nevertheless, it 
will reduce the manual follow-ups significantly. 

Detection threshold 
Especially for newer tanks (≤ 10 years), the detection of 
flaws at a very early stage is beneficial in order to 
achieve a long next inspection interval. To illustrate 
this better, here is an example: with a 10-year-old tank, 
the target is for the next inspection interval to last 
possibly more than 10 years, following the API 653 
repair strategy. It is required to detect features that are 
smaller than 20% metal loss. To get a next in-service 
interval of 20 years, all flaws of 12% metal loss and 
more must be repaired. In order to be able to repair 
these, the inspection technique needs to be capable of 
detecting and sizing features of such a small size. 

Accuracy of defect sizing 
The accuracy of the automatic sizing algorithms must 
not be neglected, as it is very important for the repair 
strategy. When an inspection report gives the remaining 
thicknesses of the tank bottom plate or metal loss 
figures of the individual flaws, it is essential to know 
what the difference between these figures and the true 
metal losses/remaining thicknesses is. In the 
worst-case scenario, the inaccuracy has to be taken 
into consideration when applying repair strategies. 
Assuming that the strategy is to add the inaccuracy of 
the inspection technique to the repair threshold, the 
accuracy – not only for the sweet spot of a certain 
technique but also for commonly found feature types 
– needs to be known. For a better understanding, here 
is another example: a storage tank floor has a flaw with 
a metal loss of 20%. Now, this floor is scanned with 
three different scanners that have three different 
accuracies (±20%, ±23% and ±8%, respectively).

In order to ensure that the minimum real remaining 
thickness at the next inspection interval will not fall 
below the required minimum remaining thickness (MRT) 
as per API 653, these inaccuracies must be added to the 
actual metal loss indication (worst-case scenario). This 
will result in a ‘penalised’ metal loss value per scanner 
due to the inaccuracy:

Penalised metal loss flaw due to inaccuracy of 
Scanner 1: 40% (20% + inaccuracy of 20%).
Penalised metal loss flaw due to inaccuracy of 
Scanner 2: 43% (20% + inaccuracy of 23%).
Penalised metal loss flaw due to inaccuracy of 
Scanner 3: 28% (20% + inaccuracy of 8%).

Treating the real 20% metal loss flaw with the 
individual penalised metal loss flaws does have an 
effect on the remaining life (next inspection interval).

Reporting uniformity
It appears there is another quality topic that very 
often does not get the attention it deserves: 
uniformity of reporting. Even by utilising the same 
inspection technique, different qualities of reporting 
can appear. This is particularly important for asset 
owners who own/operate assets across the globe. For 
these owners/operators, it is important to be able to 
compare inspection reports with each other. 
Therefore, uniformity of report layouts and quality is 
required. This can be achieved with a combination of 
several activities. First, inspection tools must be 
utilised that have the same, or at least similar, 
technical specifications (probability of detection 
[POD], detection capabilities, sizing accuracy). Second, 
since the inspection tools are not 100% automated 
yet, the training programmes have to be the same or at 
least very similar. When that is ensured, the work 
procedure should also be the same (such as plate 
numbering, coordinate systems, number of follow-ups, 
etc.). Finally, there is the report layout. It would be of 
great benefit if the same reporting content and layout 
were used. 

Figure 3. The calculated remaining life of a bottom 
plate depends on the metal loss in relation to the wall 
thickness.
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T anks are critical for storage of raw, intermediate, 
and fi nal products in an array of industries – none 
more so however than petrochemical and fi ne 
chemical industries. The storage of chemicals in 

tanks is often critical for the smooth operation of the 
processes they feed, meaning they are an essential part of 
plant design and operation. However, tanks are one such 
asset type that often suffer from corrosion. This is usually 
due to several different reasons, some being inadequate 
specifi cation during design, failure of existing protective 
coatings, exposure to the environment, operating under 
conditions not specifi ed during design, rain and surface 
water entrapment. 

Adam Wood, Belzona Polymerics Ltd, 
UK, outlines why composite repairs are 
the next step in the evolution of repair 

materials for storage tanks. 
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Asset integrity can be compromised in a number of 
different ways. Loss of material due to corrosion can cause 
several issues to the original substrate, from pitting of the 
surface leading to thin-walling and eventually to loss of 
integrity as thin-wall becomes through-wall. 

There are many ways in which this process can be 
prevented. The most common method is to apply coatings 
to the interior and exterior of the tank. Though the 
effectiveness of the coatings vary greatly on the technology 
they use, polymeric coatings such as epoxies outperform 
standard emulsion paint systems in many scenarios. 
Entrainment of water under tank bases is also an area which 
is readily overlooked, causing failure around the base of the 
tank. This can be overcome by the implementation of ‘tank 
base sealing’ products, which effectively stop the ingress of 
water into these areas.

Failed to prepare?
Dependent on the level of corrosion, there is traditionally 
the choice between welding a plate to the tank or replacing 
a section, or indeed the entirety of the tank. Both scenarios 
have their own inherent disadvantages, with the need for 
either hot-work and large capital expenditure, respectively. 

There are, however, alternatives to these two choices, in 
the form of cold bonding. This allows the rebuilding of 

pitted surfaces and the attachment of either metallic or 
composite materials, allowing more scope for repair work. 
This avoids the hot-work associated with welding and can 
offer 100% contact with the substrate – while welding sticks 
to the edges. The electrical isolation composite materials 
can also provide aides in stopping galvanic corrosion, which 
can be a problem with plate welding.

Composite repairs – meeting industry 
standards
Composite repairs offer the possibility of engineered repairs 
for pipes, tanks and wear pads while being compliant to the 
relative industry standards (ISO 24817 and ASME PCC-2). 
Pre-qualifi cation testing of the composite material is 
required, ensuring that composite systems offered meet the 
specifi ed mechanical properties. Compliant wraps must also 
be carried out by an applicator, supervisor, and designer 
trained by the product manufacturer.1,2 The ability to design 
a composite repair to the specifi c operating conditions of 
the asset in need of repair is a key advantage over 
traditional metal plate bonding methods. Composite repairs 
return strength to the substrate by adding additional hoop 
strength to the substrate (due to the cohesive strength of 
the composite material) and adhesion (due to the 
mechanical key with the surface profi le over the area). In 
order to calculate a design, several key pieces are required 
(which in practice are fi lled out in an application survey 
report): 

Required design pressure and maximum allowable 
working pressure (MAWP).
Pipe diameter.
Remaining and original wall thickness.
Material properties.
Type of defect.

The design process offers a design life that is longer 
than the current estimated life due to material loss, with 
repairs only requiring inspecting once they reach the end of 
the design life, with the ability to extend this up to a period 
of 40 years in compliance with the standard.

Composite wraps
Repairing pipelines with composite wraps is a method 
dating back over 30 years with a high degree of success 
when it comes to pipeline repair techniques. Compliant 
repairs are relatively new when compared to this, but are 
based on the same underpinning fundamentals. When 
corrosion of the pipe leads to thin and through-wall defects 
(type A and type B defect types, respectively), a composite 
wrap offers a novel repair method. The defect type drives 
the route of calculation of the analytical equations that are 
presented in the standards, allowing the calculation of the 
number of wraps and axial extent of the system.3 These 
systems are not just bound to straight geometries, they can 
be designed to reinforce tee-sections and bends in the 
pipework.

Problem fl anges can also be reinforced with a composite 
wrap system, though the normal route of repair involves 
rebuilding through the method of fl ange face forming. 
Figures 1 and 2 illustrate a composite repair wrap that is 

Figure 1. Application of a composite wrap onto a test 
spool.

Figure 2. Wetting out of the reinforcement sheet.
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being installed on a straight geometry pipe and the wetting 
out of the reinforcement sheet.

While type A has only one defect type, type B defects 
are broken down into three sub-categories, which are 
implicit in the design process as they determine the 
equation used to calculate the dimensions of the repair. 
These are shown in Figure 3. 

Composite patches
For larger diameter assets, such as tanks and vessels or 
components with a diameter greater than 600 mm, it 
becomes physically impossible to apply a composite wrap, so 
composite patches are applied in their place. Though they do 
not add hoop strength to the repair, they are still an effective 
method in place of plate bonding as design still allows 
calculation of thickness and extent to deal with the operating 
conditions and defect type. It is also worth noting that they 
are not limited in geometry to being square-shaped.

Composite pads
Pads can also be manufactured from composite materials 
for pipe support systems. They are a lightweight alternative 
to their steel counterparts with the added benefi t of being 
an electrical insulator so problems due to galvanic corrosion 
are alleviated. These can be manufactured to a select 
thickness dependent upon the needs of the specifi c pipe 
support or other such appropriate application.

Live leak composite patches
Novel uses of composites have evolved from the needs of 
asset owners to deal with certain scenarios – in this case, 
leaks during a period when it is not possible to shut down 
or drain a system. The inclusion of 3D printed live leak 
devices into pre-formed composite patches has added the 
ability for composite plates to be used in pressurised live 
leak scenarios then shut off once cured.

Testing data
When it comes to testing data, there are two types that are 
important when it comes to a composite wrap system: the 
properties of the composite itself and the results from the 
qualifi cation testing spools. 

There are several important properties of a composite 
wrap that are considered by a manufacturer in order to 

provide a system that functions ideally, 
including:

Young’s modulus.
Poisson’s ratio.
Shear modulus.
Glass transition temperatures.
Lap shear.
Thermal expansion coefficients.

These values are needed to accurately 
design the composite wrap system.

Qualifi cation testing is carried out as 
per requirements in the standard. The 
testing ensures that the system is capable of 
performing as required, and will perform as 
expected when applied in the fi eld.

Why is compliance important?
Compliant repairs are becoming an ever more important 
aspect of maintenance on industrial assets, as asset 
owners prefer these to unengineered repairs. Therefore, 
the ability to engineer repairs so that they are compliant 
with one of the two standards is an attractive prospect, 
due to the associated QA/QC documents that are 
required for the validation process.

However, not all repairs can be designed to be 
compliant (normally due to their geometry). Though the 
repair may be non-compliant to the standard, it does not 
necessarily imply that the repair will not perform well 
when in service, rather that it does not meet the criteria 
checks in the standards to be valid. Non-compliant repairs 
are a standard repair method for many different industrial 
sectors, as while compliance is important, it is not as 
critical as the repair being effective and price competitive.

Summary
Composite repairs are the next step in the evolution of 
repair materials, bringing a range of benefi ts over 
traditional repair techniques. Not only can they offer 
designable and compliant repairs, they also eliminate the 
need for hot-work on-site, reducing the risk for 
maintenance staff.

There are numerous types of repairs that can be carried 
out with composite products – too many to mention in 
this brief introduction – which will aid in reducing the cost 
of repairing and replacing assets while increasing the 
sustainability of plants as asset life is increased.

As engineers and asset owners become more 
comfortable and confi dent in the use of composite repairs, 
in-place of traditional methods such as welding, their 
popularity as a repair method is set to grow. 
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Figure 3. Defect types.
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O ne of the world’s largest producers of 
ethylene glycol operates a critical service 
ethylene storage tank at its flagship Kuwait 
petrochemical facility. This cryogenic tank 

was originally constructed in 1995. The cryogenic tank 
consisted of a dual wall construction design with an 
insulation layer between the inner shell and the 
exterior shell. Additionally, installed below the exterior 
tank bottom is a series of heater conduits that prevent 
the ground from freezing directly below the tank. A 
cathodic protection system was initially installed as 

Ted Huck, Matcor Inc., USA, discusses a 
tank cathodic protection retrofit project 
in the Middle East that used horizontal 
directional drilling technology.
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part of the tank design to protect the external tank 
bottom in contact with the ground (and thus subject to 
corrosion). Over time, the original cathodic protection 
system stopped providing enough current to meet 
NACE criteria for the control of corrosion. The typical 
cathodic protection system design life for systems 
installed in 1995 would have been approximately 20 to 
30 years. The tank owners looked to retrofit a new 
cathodic protection system to ensure that the external 
tank bottom was not compromised by corrosion in the 
absence of sufficient cathodic protection.

Basics of cathodic protection for 
external tank bottoms
Larger diameter aboveground storage tanks are 
commonly installed on a sand or soil prepared 
foundation where the underside of the tank bottom is 
in direct contact with the prepared base. When the 
tank is erected from steel, the underside of the tank is 
subject to corrosion as the steel naturally reacts with 
its environment. This corrosion can result in significant 
pitting and ultimately tank leaks. Cathodic protection 
is an effective means to prevent corrosion of steel in 
contact with soil and is typically used on all critical 
service tanks to extend the tank operating life. 
Cathodic protection is the process of creating a DC 

circuit to flow current from an external source (anode) 
through the soil to the structure (cathode) being 
protected. If enough DC current can be distributed 
properly over the entire tank bottom, the corrosion 
reaction can be effectively halted and the tank is 
deemed to be cathodically protected.

The proper selection of anodes and their 
configuration and location are design issues that are 
generally addressed prior to erection of the tank when 
there is ample opportunity to locate anodes directly 
underneath the tank. For existing tanks, there are 
several challenges that must be considered when 
looking to install cathodic protection as access directly 
below the tank is not readily available.

Initial retrofit approach 
For the ethylene storage tank, the first retrofit cathodic 
protection system consisted of installing discreet 
anodes augured into place and offset around the 
perimeter of the tank. The installation of several anodes 
strategically located directly around the perimeter, 
while commonly applied to many smaller diameter tanks 
because it is relatively easy to install, often struggles to 
drive current to the centre area of the tank. As a result, 
only the outer edge of the tank bottom has adequate 
protection levels, while the centre areas of the tank 
bottom are not protected. For the ethylene storage tank, 
the presence of heating pipes below the tank bottom 
only exacerbated the current distribution challenges.  
Ultimately, the results were not satisfactory, and a 
different approach was required.

Trying something different 
An alternate approach, which was successfully being 
performed in the US but that had not been tried 
previously in the Middle East, was the installation of 
multiple strings of linear anodes directly below the 
tank using horizontal directional drilling (HDD) 
technology. By drilling under the tank, it is possible to 
install multiple parallel anode strings under the tank 
spanning the entire length of the tank. This approach 
eliminates the concerns over current being discharged 
from the perimeter of the tank only protecting the 
outer edges of the tank and helps to ensure a more 
thorough distribution of current over the entire tank 
bottom. Another benefit of this approach is that a 
potential profile testing tube can be installed that 
allows for the installation of a testing device to be 
pulled along the entire tank bottom profile to measure 
the effectiveness of the cathodic protection system

Installation risk mitigation
The plant’s engineering and operations team had 
significant reservations about this approach. The tank 
was critical to the plant’s operation and could not be 
taken out of service and any loss of integrity to the 
ethylene storage tank could result in a catastrophic 
failure. When considering this approach, significant 
concerns existed should the drill head drift up to the 

Figure 1. Anode and vent pipe assembly being 
installed in bore hole.

Figure 2. Horizontal directional drill bit commencing 
bore.
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tank bottom. With today’s sophisticated HDD 
technology, however, it is possible to put together a 
thorough installation procedure incorporating 
sophisticated drill head tracking systems to ensure that 
the drill head location was being continuously 
monitored throughout the bore. After reviewing the 
procedures and safeguards and carefully examining the 
qualifications and experience of the project team, the 
tank owner felt confident that the installation could be 
performed safely.

Anode system design
The anode system being installed consisted of a series 
of parallel slotted PVC pipes, which were bored into 
place under the existing tank. The slotted PVC pipes, 
once installed under the tank, allow for the insertion 
of the anodes. The anodes consist of a linear mixed 
metal oxide coated titanium wire connected to a 
parallel dual jacketed cable connected to each end of 
the anode and strategically along the length of the 
anode. The header cable jacketing is a combination of a 
tough high molecular weight polyethylene outer jacket 
and a chemically inert fluorinated PVDF inner jacket 
material. In addition to the anode, a small vent pipe is 
installed in the PVC pipe to prevent the build-up of any 
gases generated as part of the cathodic protection 
reaction at the anode. Finally, coke backfill is 

pneumatically blown into the PVC pipe using a small 
tremie hose to fill the interstitial space inside the PVC 
pipe and to ensure good low resistance earth contact 
around the anode and assure a conductive current 
discharge path to the tank bottom through the pipe 
slots. One of the unique features of this design is that 
it is suitable for future anode replacement. The vent 
pipe can be used to fluidise the coke to allow for the 
extraction of the anode assembly at the end of its 
useful life and a new anode assembly can be reinserted 
in the PVC pipe.

Potential profile monitoring tube
One of the biggest challenges with existing tanks being 
retrofitted with a new cathodic protection system is 
ensuring that tank potential readings can be made at 
the centre of the tank. Potential readings are used to 
measure the effectiveness of the cathodic protection 
system. For new tanks, it is common to install fixed 
reference electrodes under the tank to allow for 
potential readings. These fixed reference electrodes 
have a finite life, typically less than 20 years, and 
eventually they stop providing accurate data. Many 
new tank designs are now including monitoring tubes 
that allow for calibrated reference electrodes to be 
pulled through the tube to provide potential readings 
across the entire tank profile from one end to another. 
With the existing ethylene tank, the reference 
electrodes installed during the initial construction 
were no longer reliable and the only measurements 
that could be taken were from the perimeter of the 
tank, giving no indication that the centre of the tank 
was being protected. Along with installing the PVC 
tubes for inserting the anodes, a monitoring tube was 
also installed to allow for testing of the cathodic 
protection system across the full tank profile.

Completed installation
In December 2019, the HDD linear anode retrofit system 
was successfully completed. The initial commissioning 
results showed that the anodes were installed properly 
with each anode distributing current as expected, and 
that the polarisation levels were meeting appropriate 
NACE criteria. The system has been left to operate and 
fully polarise, and a subsequent visit was completed to 
make final adjustments to the anode system current 
output and to confirm that the system continues to 
meet NACE criteria.

Conclusion
This successful installation in Kuwait of a horizontally 
directional bored cathodic protection system under an 
existing critical service tank is a first for the 
Middle East region. The innovative design, when 
properly designed and installed, makes this an 
interesting and cost effective option for other tank 
owner/operators in the Middle East and around the 
globe to consider for their existing tanks with cathodic 
protection systems that are not performing properly. 

Figure 3. Potential profile slotted pipe and reference 
electrode assembly.

Figure 4. HDD drill rig and support equipment 
preparing for installation.
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W hen trying to do the right thing, it is often 
easy to focus on the wrong point. As an 
example, an oil company trying to save 
money and protect the environment might 

focus their attention on trying to improve the effi ciency of 
their fl oating roof seals from 99% to 99.9%. All the while, 
they may be missing the fact that there are 4 in. holes in 
their fl oating roofs created by fl oating roof legs. By adding 
leg boots, it would be possible to eliminate emissions even 
further. The author of this article had this exact 
conversation with a major oil company over 20 years ago, 
and continues to have it with customers to this day. It 
shows that there is often more than one way to get results. 

Dave Maurer, Mesa ETP, outlines four 
major emission points from external 

floating roof penetrations and methods 
to reduce vapour loss.
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This article will share some tips to hopefully help the 
reader see the wood for the trees. It will present four 
ways to prevent emissions from aboveground storage 
tanks.

Gauge pole 
Gauge poles, especially slotted ones, are the biggest 
emission source of the roof penetrations. Usually they are 
6 to 12 in. dia. with the well diameter larger by a few 
inches. This results in a large opening in the roof. Having a 
pole inside the sleeve results in a challenging problem 
– how can emissions be controlled from both inside the 
pole and between the outside of the pole and inner 
diameter of the sleeve? There are several options:

Gauge pole float
This controls the inside diameter of the pole only. This is 
a metallic fl oat that fl oats on top of the product inside 
the pole. It usually has two seals: one that seals above the 
slot and one that seals below, except when one seal or 
the other is passing a slot. These fl oats have a chain that 
attaches at the top of the pole and runs down the length 
of the pole. It is used to pull the fl oat from the pole when 
tank owners need to sample or gauge the product. This 
can be messy from product clingage dripping off the fl oat 
surface. The fl oats are also prone to getting stuck in the 
pole, causing false reading from radar gauges.

Gauge pole sleeve
This is a sleeve, metal or fabric, designed to ride up and 
down on the outside diameter of the gauge pole and 
attach to the top of the fl oating roof opening. This closes 
the outside of the pole to the inside of the sleeve, not 
the inside diameter of the pole. 

Gauge pole cover
This a fl exible fabric cover designed to encase the entire 
slotted gauge pole from the top of the pole to the top of 
the fl oating roof, effectively covering the entire opening 
of the pole. A steel transition box will cover the roller 
assembly. The cover should be made of a weather 
resistant material and be designed to control the collapse 
to keep the material from getting caught between the 
gauge pole and the well. Several customers use this even 
if the pole is not slotted; they can see from the gauging 
platform that the cover is working. There is no need to 
send anyone onto the roof to inspect the seal. They also 
prevent air from reaching the product, which can be an 
issue with some stored products.

Roof legs
Similar to the confi guration of the gauge pole, roof legs 
are another pipe operating in a sleeve, they are just 
smaller. A fl oating roof leg is a pipe, usually steel, that 
penetrates the roof in a larger diameter piece of pipe 
called the guide sleeve. Usually the leg has a couple of 
holes in it at different elevations so it can have a pin put 
through it and the leg sleeve to keep it in position. 

Generally, there are two positions: low leg (where the 
majority of the leg is above the deck, which allows the 
fl oating roof to drop as close to the bottom as possible, 
maximising the usable tank volume), and high leg (where 
the leg is pinned so that the fl oating roof is held high 
enough so that workers can enter under the fl oating roof 
to perform maintenance). There are several ways to 
control the emissions from this source:

Self-sealing legs
When building a new tank, there are designs of 
self-sealing fl oating roof legs. This design incorporates a 
rubber gasket between the sleeve and the leg.

Molded seals
There are molded seals designed to fi t over specifi c sized 
legs and confi gurations. These are meant to fi t over the 
transition of the leg and the sleeve as well as a separate 
piece to fi t over the leg pin assembly. These are two half 
molded seals each with four stainless steel hose clamps. 
These can only be used when the leg is pinned. 

Leg boots
Similar to the gauge pole cover, this is a flexible fabric 
cover designed to encase the entire leg from the top of 
the leg to beneath the pin assembly, effectively covering 
the entire opening of the leg. A sealant tape goes 
around the base of the leg sleeve beneath the pin 
assembly and the boot is clamped with a stainless steel 
hose clamp. 

Figure 1. Leg boots help to reduce emissions.

Figure 2. There are a number of ways to prevent 
emissions from aboveground storage tanks.
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Increasingly, customers are leaving their legs fl oat free 
in the sleeves. The bottom of the sleeve acts as their low 
leg position to maximise the working volume of the storage 
tank. The legs will drop all the way down to their top plate 
when the roof is fl oating and ride back up through the 
sleeve when the leg hits the tank fl oor. Subsequently, any 
boot will fall over. When the leg hits the tank fl oor and 
begins to rise through the sleeve, it will push off any boot. 
A new design incorporates a plastic strip inside the leg 
boot, which keeps it in an upright position. The plastic strip 
keeps the boot upright and gives the leg something to ride 
on as it hits the tank fl oor and moves up through the 
sleeve. This is called a stay-up design. 

Emergency overflow vents
Double deck external fl oating roofs have emergency 
overfl ow vents, which are pipes that stick up from the centre 
deck. These serve to allow water to drain into the product 
during a major rain event if the water gets too high on the 
fl oating roof, which prevents the roof from sinking. Since this 
is an open pipe it requires one of two types of a seal:

 Fabric – a slit piece of fabric or seal material covers most 
of the open top of the pipe. This cuts the emissions while 
leaving the water free to funnel into the product. 

 Floating ball valve – a cage is attached to the top of 
the pipe. A rubber trim type gasket is put around the 
top lip of the pipe. A ball, which will float in water, sits 
on top of the pipe. The ball will float inside the cage 
when the water lifts it off the top of the pipe, allowing 
the water flow into the product.

Vacuum breakers
Vacuum breakers are intended to break the vacuum of 
the floating roof during emptying and filling of the 
floating roof. Vacuum breakers are designed like a leg, 
just a bit longer. They are activated when they hit the 
floor of the tank. They have a well with a cap, which is 
designed to lift off the sleeve when the leg hits the 
floor. This effectively breaks the vacuum of the floating 
roof and the liquid stored. Without functioning vacuum 
breakers, the liquid would pull the roof down and the 
subsequent pressure would pull the roof legs through 
the tank floor. Even though vacuum breakers are 
designed to emit vapours, it is important to control 
emissions where possible when the roof is floating. The 
most common method is a piece of trim seal around 
the top of the sleeve for the underside of the cap to sit 
on. It is important to ensure that the trim seal is 
compatible with the product stored. Alternatively, a 
piece of gasket material can be cut to the dimensions 
of the cap and attached to the underside, again using 
the weight of the cap to seal the vacuum breaker to the 
top of the sleeve. 

Conclusion
As this article has highlighted, there is more than one way 
to effectively get the job done. Hopefully these four major 
emission points from external fl oating roofs and methods 
to reduce vapour loss will help ensure that the reader 
keeps perspective while focusing on protecting the 
environment and reducing product emissions. 
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W hen storing fuel on site, it is important that 
businesses know their responsibilities in both 
spill prevention and reacting to any breaches 
that occur. 

For example, it is a legal obligation to keep fuel and its 
related assets in top condition and have an emergency 
response plan in place. 

Not only can site owners and any employees or 
contractors tasked with facilities management be held 
personally liable in a criminal court for spills, 

Chris Damsell, Adler and Allan, and 
Simon Tilling, Burges Salmon, discuss 
the legal obligations of keeping fuel 
on site, outlining the implications of a 
spill and the importance of having an 
adequate emergency response plan in 
place.

31 Summer 20203



non-compliance with legislative obligations can generate 
massive downtime at sites, huge fi nes and multiple private 
claims. 

And all that does not even factor in the potentially 
ruinous costs of containment, clean-up and remediation that 
polluters must always shoulder – or the substantial PR 
damage they invariably suffer in the wake of an incident.

Legal obligations
Fuel storage tanks should be inspected annually according to 
the Oil Storage Regulations. Legally, the overall responsibility 
for all storage facilities falls to the owner, including ensuring 
that these annual inspections and their subsequent 
maintenance requirements are adhered to.

Steps should be taken to protect against corrosion and 
physical damage. Pipes below ground need visible inspection 
hatches, while those above ground should be supported, 
using brackets, for example. Wherever possible, it is 
advisable to avoid underground pipework, in order to 
prevent the contamination of groundwater.

Apart from the tanks themselves, the Fuel Storage 
Regulations cover separators, bunds and associated pipe 
work, with standards set and enforced by the Environment 
Agency.

Separators in particular are essential for avoiding 
pollution. If left unchecked, they can become blocked and 
their fi lters saturated, creating a fl ooding risk or causing 
polluted water to contaminate the local environment. 
Ignoring the state of separators could result in signifi cant 
fi nes and prosecution. Environment Agency and EN standard 
EN858-2 states that separators should be serviced at least 
twice a year.

Consequences of a breach
A spill of a substance capable of harming the environment 
and/or human health could result in a criminal prosecution 
by the relevant regulator under various statutory regimes. It 
could also lead to civil claims for nuisance or negligence 
from residents and other businesses affected by the 
incident.  

Ahead of these unwelcome outcomes, the 
Environmental Permitting regime demands that if dangerous 
materials are spilled into controlled waters, the person or 

company responsible for the breach may be required to 
comply with enforcement notices served by the regulator.  

Under the Environmental Damage (Prevention and 
Remediation) Regulations 2015, it is a criminal offence to 
both fail to take all practicable steps to prevent further 
damage if activity has caused environmental harm and to fail 
to comply with a remediation notice requiring certain 
clean-up steps to be taken.  

Prevention and response obligations
The Control of Major Accident Hazards (COMAH) regime 
may also apply to sites handling or storing dangerous 
substances above certain thresholds.

These regulations impose certain duties on site 
operators, including preparing and retaining a written major 
accident prevention policy and (in the case of ‘upper tier’ 
establishments) producing a safety report with arrangements 
in place to deal with major accident hazards.  

It is also a legal requirement for those with fuel on their 
sites to have an emergency response plan in place. This 
preparedness audit is a prescribed, managed procedure for 
containing and controlling spill incidents and is designed to 
minimise the harmful ecological effects and limit danger to 
people, properties and businesses.

As with the other policies and reports, time should be 
invested ahead of any incident to think the plan out, in 
order to make it as detailed, robust and effective as possible 
should a spillage occur. It must also be composed so that it 
can be readily understood by emergency services, regulatory 
bodies and any other partner organisations involved in a 
clean-up.

Obviously, it is a very good idea to review this document 
regularly, so that it anticipates all spill types and is as 
up-to-date as possible. 

Not having one in place can often be a criminal offence 
and would certainly hamper and delay effective clean-up 
and recovery – thus increasing costs of containment, 
clean-up and remediation costs, fi nes and other penalties 
and third-party civil actions. 

‘Strict liability’
Environmental breaches are often ‘strict liability’ ones, 
meaning that offending businesses tend to plead guilty and 
focus their defence efforts on the level of sanctions 
proposed by the prosecutor. The nature and level of these 
depend on three main factors. First, the courts will consider 
the level of environmental harm that was caused (or could 
have been). The culpability of the offender will also be 
assessed, as well as, lastly, the turnover size, in the case of a 
corporate offender. 

Culpability for environmental offences ranges from 
deliberate to ‘low culpability’. Deliberate incidents are rare, 
but businesses who do not take suffi cient care to reduce the 
risk of spills could be deemed ‘negligent’ or even ‘reckless’ 
by the courts. Those with a good track record of following 
robust processes to reduce such risks will be in a better 
position to argue that an offence was not committed 
deliberately or recklessly and so reduce the level of 
sanctions imposed on them for the spill. 

Figure 1. Contaminated land investigation and risk 
assessment.
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There has been a push in recent years to ensure that 
compliance with environmental protection regimes is taken 
seriously by companies and corporations of all sizes. 
Notably, prosecutors are keen that the penalties imposed on 
offending businesses are severe enough to be noticed by 
shareholders. This has resulted in a marked increase in the 
level of fi nes over the last decade, especially for large 
organisations. 

Personally liable
In certain circumstances, their senior offi cers can be held 
personally liable. This can happen where they are so closely 
involved with the day-to-day operations that the offence is 
attributable to them, or because the company’s actions were 
done with their ‘consent, connivance or neglect’. Punishment 
for senior offi cers in their personal capacity is rare and 
usually reserved for repeat or deliberate offenders. However, 
it is worth noting that sanctions are severe, including the 
possibility of disqualifi cation of directors, fi nes and (in the 
most extreme cases) prison sentences lasting several months. 

Civil actions
As well as regulatory corporate compliance penalties and 
personal criminal liability, site operators are vulnerable to 
civil claims that could arise from a spill. For example, if it 
affects neighbouring land there can be actions for clean-up 
costs under the law of nuisance. 

Landlords will also demand remediation under tenancy 
agreements and, if the site is subject to an installation 
permit, the environmental regulator can demand that it be 

brought back to ‘baseline condition’ (its state before the 
spill). In the case of large-scale incidents affecting an entire 
local area, the community’s businesses and their insurers 
could face multiple claims and be required to cover the 
costs of remediation. 

Reputational damage
Finally, the terrible PR that can arise from a pollution event 
and ensuing investigations may be as much of a concern for 
businesses as strictly the legal consequences. In light of the 
impaired image risked, together with all the other adverse 
results of a spill, the adage that ‘prevention is better than 
cure’ is acutely applicable to all companies storing and 
handling potentially polluting substances.

No absolute guarantee
No matter how responsibly owners of developed sites 
behave, no absolute guarantee of preventing a 
contamination incident is possible. 

However, the more they can demonstrate that they 
always acted reasonably and legally, were always on top of 
permit demands and relevant legislation, and had a viable 
emergency response plan in place, the easier it will be to 
assure the courts and regulatory bodies that they were not 
reckless, negligent or deliberately harmful.

Working with an environmental risk reduction specialist 
like Adler and Allan with a working knowledge of 
environmental law can provide the peace of mind of 
knowing your risks and being prepared when an incident 
occurs. 
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A boveground pipelines perform an integral 
function in the operation of terminals. This 
network of arteries moves and controls the 
flow of valuable petroleum products between 

tanks and external facilities. 
Pump vibrations, constant use, ageing, ground 

movement, human error and intentional damage can 
weaken the integrity of piping components – from 
valves and metering points to line connections. And this 
can result in an occasional leak. 

Failure to contain a leak immediately could lead to 
the situation getting out of hand. This can translate into 

Gurjeet Bansal, IntelliView Technologies Inc., 
Canada, explores the application of thermal 

imaging technology at terminals for automated 
real-time pipeline leak detection to shorten 

validation and response times, and prevent or 
mitigate business and HSE risks. 
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significant financial losses from prolonged shutdown, 
regulatory fines, clean up efforts, and product wastage. 
The operator may also have to deal with asset, worker 
and community safety concerns from risk of fire and 
exposure to substances, environmental spoilage, more 
stringent reporting obligations, and impact to 
reputation.

Tank farms are tasked with the safe storage and 
handling of oil, gas, NGLs, petrochemicals and other 
energy resources. The very nature of this function 
demands industry-directed health, safety and 
environmental (HSE) practices, including emissions 
reduction by means of early detection. 

Traditional leak detection 
technologies not the ideal fit
Safety-conscious oil and gas industry players employ a 
proactive multi-level approach that utilises an arsenal 
of preventive measures in conjunction with a variety of 
leak detection techniques. These traditional methods 
come in various forms: internal or external, 
manual/mobile, automated/fixed, and visual. While 
adequate for most situations, they have limitations that 
make timely event verification challenging for remote 
and unmanned assets. 

Manned patrols and visual inspections, with or 
without assistance from gadgets (gas sniffers, optical 
gas imagers) or dogs, are external methods limited by 
operator availability and good weather. These manual 
approaches can be expensive when utilised frequently 
and are employed mainly for preventive maintenance to 
periodically check for signs of impending vulnerabilities. 
A product release that occurs in between these visits 
will be missed.

Laser spectrometry, implemented on the ground or 
installed on aerial vehicles, is another external 
technology susceptible to unfriendly weather. Windy 
conditions and heavy rain can divert emissions away 
from the sensor, thereby preventing detection.

Acoustic sensors, fibre optic cables and vapour 
sensing tubes are examples of external technologies 
with real-time alarming capability. These are mainly 
designed to monitor the entire length of a pipeline 

rather than the piping, valves and meters at terminals. 
These methods also necessitate supplemental visual 
techniques to confirm an event, which can be difficult 
and expensive to carry out for sites that are unstaffed 
or remotely located.

Finally, internal technologies that measure mass 
balance and flow/pressure (e.g. computational pipeline 
monitoring) are suitable for line of pipe. While they can 
be used across pump stations, transients from pumps 
and valves at terminals and pump stations reduce 
accuracy to the point of ineffectiveness. These are also 
non-visual methods, which typically require the sense 
of sight (e.g. personnel on-site or cameras) to confirm 
an event.

Despite these layers of assurances, the ultimate 
target of a zero incident and zero emissions world is 
giving operators the impetus to make their sites safer 
and further reduce their environmental footprint. To 
better manage the risks and consequences of pipeline 
leaks, it is crucial that detection and remote verification 
capabilities are improved. These needs have provided 
the opportunity for an automated vision-based 
technology to step in.

What is thermal imaging? 
Thermography or thermal sensing detects infrared 
radiation and transforms the thermal signature of 
objects within its field of view into a grayscale image. 
This means illumination is not required, even for 
visualising objects in the dark or those invisible to the 
naked eye. Also, weather conditions (e.g. snow, heavy 
rain, wind, fog) have little influence on image quality.

Thermal imaging systems for oil and gas leak 
applications can be spectrally filtered to visualise 
specific products. Oil, bitumen, water, wet 
hydrocarbons (e.g. propane, butane, and ethane) and 
other liquids are visible within the long wave IR (LWIR) 
band (7 – 14 μm). On the other hand, dry gases 
(e.g. methane, sulfur dioxide, and nitrous oxide) were 
traditionally only detectable in the mid wave IR band 
(3 – 5 μm) but are now also in the LWIR band.

Manual thermal imaging 
Optical gas imaging (OGI) systems have been around 
since the 1980s, and have been named as the “best 
system for emissions reduction” by the US 
Environmental Protection Agency (EPA). The handheld 
technology is widely used today not only for regulatory 
compliance (Quad Oa or Subpart OOOOa to 40 CFR 
Part 60) but also for its apparent practicality. 

Portable cameras can be conveniently carried to 
multiple areas of a facility in a single visit and they are 
easy to manoeuver around tanks, obstructions and 
oddly positioned structures. As this device type rests 
close to the operator, a safe distance from high-risk 
zones must be maintained. Operator training and 
potential data interpretation errors are additional 
considerations in the use of this instrument. 

Vehicle-mounted thermal systems can cover larger 
distances and more sites per session than what is 

Figure 1. A diesel product release in heavy rain 
detected in real-time using an IntelliView analytic 
thermal (LWIR) imaging system during a leak 
simulation. 
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possible with a handheld. 
Drones offer the same 
capabilities with the 
addition of being able to fly 
over large/tall 
constructions such as tanks. 
They can also access sites 
that are too difficult or 
dangerous to approach 
from the ground. 

Due to operator 
dependence and associated 
costs, manual methods and 
mobile technologies are 
intended for use in 
intermittent inspections 
(typically semi-annually or 
quarterly) to predict or 
prevent equipment and 
infrastructure failures, rather than offering real-time 
detection.

Automated thermal imaging
Autonomous thermal imaging systems are fixed at 
the edge and driven by on-site or cloud-based 
artificial intelligence (AI), which undertakes the 
detection and analysis. These are designed to 
provide non-stop surveillance without human 
involvement and save hours of labour-intensive 
video feed and footage viewing time. 

Edge detection software can be contained within 
the sensor housing or in a video recorder. Alerts are 
generated automatically when suspected leaks are 
detected, and delivered through a communications 
network, including SCADA, email, and text 
messaging. Notifications can include photographs 
and videos of the leak source to allow verification 
off site. 

False alarms, which plague visual automated 
systems, can quickly overwhelm control room 
personnel and consequently delay detection of an 
actual leak. False alarm reduction is an area many 
vision solution providers find challenging. It requires 
a high level of detection software sophistication and 
extensive solution optimisation to achieve an 
acceptable balance between detection performance 
and false alarms. 

System scalability is another point to consider when 
choosing a provider. One that can be adapted by 
hardware and software, to accommodate growing 
operational demands and additional sites, delivers 
added value over time. 

The next level of technology 
convergence
The modern application of thermal imaging in the oil 
and gas industry has resulted in the purposeful 
coalescence of multiple sensor/software technologies. 

One such leak detection solution in the market was 
developed by IntelliView Technologies Inc., which 

harnesses the capabilities of advanced thermal sensing 
and HD video with edge-based patented and 
proprietary machine learning AI. Deployment in an 
Industrial Internet of Things (IIoT) architecture allows 
processing power to be distributed at various points of 
the network. An example of this is combining on-site 
analytics with off-site supervised deep learning neural 
network classification for incoming alert filtering, to 
further reduce false positives. 

Oil and gas storage facilities can benefit from 
self-contained analytic thermal/video leak detection 
systems in a multitude of ways:

There are eyes on the site 24/7, providing assurance 
day and night.
Event detection is automatic and transpires in 
real time – rather than after recording or transmitting 
to a cloud or an off-premise processing centre. 

Figure 2. A typical IIoT intelligent thermal/video imaging system with on-site and 
off-site AI. 

Figure 3. A US terminal metering site plan shows how two 
DCAM units should be positioned to provide complete 
coverage. The overlap allows all potential leak points to be 
in clear view of the sensors.
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The process of detection, qualification and alerting 
takes seconds, which ensures that first responders 
are informed of the leak and can take action 
quickly.
Notifications include visual data needed for fast 
off-site event verification, eliminating unnecessary 
confirmatory travel to site and windshield time.
An integrated HD colour camera enables verification 
of thermal images and also acts as a remote 
inspection tool.
Processing on-site minimises bandwidth 
consumption and data charges while cloud 
computing requires data footage to be transmitted 
for analysis – leading to high network bills. 
Online access to live video feeds and recorded 
footage allows remote inspection of assets and 
workers, as well as the control of system settings 
and detection tools, helping to reduce costly site 
visits and maintenance overheads per site.
Redundant methods (manual or otherwise) may be 
replaced, delivering additional monetary savings.

Global energy producers and operators are using the 
traditional (HVR based) and integrated (Dual Camera 
Analytic Module or DCAMTM) formats of this 
technology platform to enhance their leak detection 
and repair (LDAR) programmes.  

Recent advancements in thermal imaging technology 
have led to the introduction in early 2020 of a 
cost-effective methane leak detection solution, called 
the DCAM-M, which is based on the same platform. The 
new product utilises the revolutionary GF77a core 
sensor, FLIR’s first uncooled gas sensor, which is a more 
economic alternative to cooled and other types of gas 
cloud imagers. Prior to this innovation, methane gases 
were not reliably detectable using uncooled (LWIR) 
technology.  

Case study
A crude oil depot in the US was primarily employing 
scheduled visual inspections to monitor aboveground 
piping structures between storage tanks and around the 
facility. It relied on this manual method to track the 
condition of the pipelines as well as the numerous 
metering points, transfer valves, flanges, and line 
connections.  

The consequences of a product release were 
determined to be high due to the site’s proximity to 
residential communities and the number of potential 
leak points. Although the facility is manned, the 
operator took the proactive decision to boost 
infrastructure safety and its ability to quickly detect 
small leaks. 

The customer’s specific requirements included:
Round-the-clock visual surveillance.
Real-time detection of small oil leaks and sprays.
An alert to be generated within 30 seconds of 
detection and received via email.
The ability to quickly identify leak location.

The ability to visually confirm the event without 
sending personnel to the site.

IntelliView was appointed by the company to 
address these needs. Monitoring was needed for three 
regions containing large concentrations of dense piping 
and pieces of equipment. The environment was 
complex given that a leak source can be concealed by 
an adjacent component. 

Five DCAM units were recommended to achieve full 
coverage. Each unit contains a thermal sensor (45˚ or 
25˚ FOV lens), a HD camera, and a processing engine 
running IntelliView’s patented liquid leak analytic 
software. 

The units were secured to existing infrastructures at 
20 ft from the ground, positioned at an angle and at 
distances of up to 80 m from the monitored region. 
This setup allowed for field of view overlap to ensure 
the sensors have an unobstructed view of all the 
critical components. 

After installation, the software was configured to 
meet the detection objectives while keeping false 
alarm levels to less than one per sensor a day. The high 
detection accuracy and low false alarm rates were 
achieved by employing a series of proprietary methods, 
such as environmental filters and user detection 
controls.  

The framework included a data aggregation device 
to enable wireless transmission of alerts and leak 
photos/videos from the DCAM units to the IntelliView 
System Console located at a third-party monitoring 
agency. Monitoring personnel were given training on 
the use of the system and the web user interface (for 
access to live feeds, alerts, media and system controls) 
and are receiving ongoing support. 

Since the installation two years ago, the system has 
accurately detected the small number of unscheduled 
fluid releases that have occurred during that time. This 
allowed the customer to address the leaks very early 
and successfully avert any negative business and HSE 
impact. 

Other thermal imaging applications
The applicability of thermal-based analytic machine 
vision systems in storage environments is not limited to 
leak detection. The technology can be applied to meet 
other remote surveillance requirements, including tank 
level monitoring, temperature or overheat detection, 
flare, fire or flame ignition detection, worker 
monitoring, and perimeter intrusion by personnel, 
wildlife or vehicles. 
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C ost-effective leak detection is more important 
than ever for owners and operators of 
petroleum storage facilities. Safety incidents, 
heightened regulations, and advancing 

standards and best practices are driving increased 
interest in tank farm safety. At the same time, ageing 

Chris Frail, United Electric Controls, 
USA, highlights the benefits of using 
wireless technology to detect gas leaks.
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equipment and tightening margins are pushing plant 
operators to find new ways to reduce plant risk with 
minimal additional investment. 

Complicating matters is the fact that tank farms 
themselves present monitoring challenges. For one, the 
layout of the tanks presents barriers to line-of-sight 
signals. Therefore, monitoring these tanks visually or 
with manual data collection is highly labour-intensive. 
If the facility stores a varied product mix, monitoring 
can be more complicated and costly.

Storage facilities are often located far from the 
central processing plant but sometimes are near 
residential neighbourhoods. Undetected leaks can emit 
hazardous or toxic wastes for extending time periods 
before plant engineers detect them or neighbours 
complain, resulting in owners facing plant shutdowns 
and fines.

What is the risk?
The three most common substances leaked from tank 
farms are hydrogen sulfide, methane and non-methane 
hydrocarbon gases, with sources of leaks in tank farms 
including valves and compressor seals, floating tank 
covers, and ageing infrastructure. 

Hydrogen sulfide is both highly toxic and flammable 
and prevalent especially in sour applications. It is 
colourless and invisible but its distinct odour of rotten 
eggs can be perceived in very low concentrations by 
our sense of smell. At a concentration of approximately 
100 ppm, it numbs olfactory nerves making it no longer 
detectable, and can be fatal at 1000 ppm. Hydrogen 
sulfide is also heavier than air and often collects in 
low-lying areas. It can ignite at 518˚F and can combine 
with air to generate a highly explosive atmosphere. 
Strong reactions can trigger spontaneous combustion, 
explosions and detonations in contact with peroxides, 
bromates, ammonia, or other chemical substances. 
When combined with air and humidity or moisture, 
hydrogen sulfide can form sulfuric acid which can 
corrode metals (such as in pipes, tanks, vessels, etc).

Methane is a highly potent greenhouse gas, with 
more than 80 times the climate warming impact of 
carbon dioxide over the first 20 years after release. An 
Environmental Defense Fund recently reported in the 
journal Science that the amount of methane leaking 
from the US’s oil and gas fields may be 60% higher than 
official estimates.1 The authors reported that leaking 
storage tanks were the largest contributor of methane, 
and in analysing laser data collected in helicopter 
surveys concluded that 90% of large tank farm leaks 
were coming from vents and hatches. 

Terminals may also emit non-methane hydrocarbons 
(NMHCGs) such as propane, butane and hexane, 
although this is not as common as methane. Remote 
locations are increasingly moving to LPG as a power 
source over alternatives such as diesel and fuel oil 
because it is more environmentally friendly. This is 
stored in tanks, which must also be monitored for 
leaks.

Traditional leak monitoring 
To detect any leakage of gases, storage facility 
operators have traditionally deployed wired gas 
detectors, but the larger the facility, the more 
expensive it becomes to scale up coverage to meet 
today’s requirements. Adding detectors entails the cost 
of planning, designing and running conduits for power 
and signal wires, trenching, and other installation 
details can total about US$10 000 per device. 

Moreover, wired gas detection systems have 
virtually no flexibility. Once installed, moving them to 
another location (e.g. temporary maintenance work 
areas) is cost-prohibitive. Furthermore, reliable power 
supply that wired gas detectors require may not always 
be readily available, particularly in remote locations. 

Reducing costs with wireless
Wireless technology removes the physical and 
economic barriers associated with wired gas detection 
devices. It can save up to 50% of installation cost and 
time, as well as be applied in both remote and 
brownfield installations as easily as greenfield 
installations, detecting leaks that might not otherwise 
be detected by sparsely distributed wired units. As 
these detectors do not require any wiring 
infrastructure, installation is simply a matter of locating 
them within a wireless network and physically 
mounting them on a wall or pipe with bolts or 
magnets. 

To monitor areas where a common line of radio 
sight is obstructed, such as tank farms, wireless gas 
detectors can leverage wireless mesh architectures to 
self-mend broken links, establish reliable 
communication, and then network through a common 
gateway. Furthermore, as the devices are untethered 
from a power source, wireless sensors can be moved 
easily where needed most. They can also deliver 
continuous power for up to five years or longer due to 
advancements in battery technology.

One unique benefit of wireless gas detectors is the 
ability to easily move them or add more detectors 
after the initial commissioning of a plant. In a few 
cases, dynamic conditions at a site may initiate a need 
for the operators to move gas detectors to continue 
operation. This could be due to any number of factors, 
including new construction, different site-development 
phases, or weather patterns for external installations. 
Wireless communication also eliminates issues related 
to competition for wired connections, as might occur, 
for example, when a remote terminal unit (RTU) already 
consumes most of the available connection capacity. 

A wireless gas detection system can improve 
monitoring capability at 10% of the cost of a wired 
system. With drop-in-network mobility, wireless 
detectors can be positioned anywhere close to 
leak-prone assets, without the need for wiring. Leaks 
can now be detected cost-effectively before manual 
inspection, streamlining the number of assets and 
locations an oil producer has to inspect. At the same 
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time, leaks can be detected quickly due to the 
detector’s proximity to the asset. Prompt detection 
enhances safety by preventing the occurrence of gas 
accumulations and explosions that might otherwise 
endanger lives. 

Putting wireless gas detection to the 
test
Recent tests conducted at Central Valley Gas Storage 
LLC (CVGS), a wholly-owned subsidiary of Southern 
Company Gas that operates underground natural gas 
storage facilities in California, US, indicate that wireless 
gas detectors can indeed detect and alert operators to 
the presence of combustible gases (in this case, 
methane).

Once a natural gas field, CVGS’s facility was 
successfully converted into a storage reservoir for gas 

reinjection. The conversion process involved 
drilling many new wells to enable rapid 
withdrawal of gas from the reservoir storage. 
With methane being a primary constituent of 
natural gas, these wells are a potential source of 
hazardous leakage.

Natural gas is usually between 95 – 97% pure 
methane but establishing the presence of a leak 
requires detecting only a small percentage of the 
lower explosive limit (LEL). The system CVGS 
tested was a Vanguard WirelessHART gas 
detector from United Electric Controls. The test 
would involve simulating a small leak by opening 
a 0.25 in. valve for 10 min., releasing 4 ft3 of 
methane into the air, and repeating this process 
every day for 40 days (Figure 1). The amount of 
gas released into the air during the test is 
negligible but, nonetheless, tests were conducted 
in communication with the California Division of 
Oil, Gas and Geothermal Resources (DOGGR).

The team used optical gas imaging (OGI) 
cameras to optimise the placement of the 
sensors by tracking the path of the passing 
methane plume on the camera. They mounted 
detectors on the well chassis at heights of 
approximately 8 ft, northeast, northwest, 
southeast and southwest of a valve (Figure 2). 
Deploying multiple units ensured that even if the 
wind blew in different directions, at least one 
sensor would detect the fugitive emissions when 
the valve was opened. Testing temperatures were 
cool, with wind speeds between 5 to 10 mph. 

Figure 3 shows the communications 
architecture. The sensors exchange information 
with the plant control system via a WirelessHART 
gateway. Operators manage the system through 
the plant supervisory control and data 
acquisition (SCADA) software residing on a 
workstation which is accessed via a 
human-machine interface (HMI).

CVGS already had a WirelessHART 
communications network in place, so deploying 
the gas detectors was simply a matter of 

mounting them and configuring them for the wireless 
network. 

Test results
Figure 4 shows the results from the first day of testing. 
The Y axis represents the ppm of methane. The red 
vertical line marks the moment of the first controlled 
gas release, which had a density of 5000 ppm. The 
X axis is the time elapsed in minutes from the 
discharge. Prior to the discharge, the sensors detected 
no methane, but within the first minute after opening 
the valve, the sensor in the southwest corner picked up 
a plume of methane measuring 3000 ppm 
(approximately 6% LEL). In minute six the southeast unit 
picked up a 3500 ppm plume of methane, followed by 
a report of a 50 ppm concentration in minute seven. 
The fact that only two of the sensors detected 

Figure 1. Location of simulated gas leak.

Figure 2. Three of the four gas detectors that were mounted 
on the well chassis at heights of approximately 8 ft.
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methane is likely due to a specific direction that 
the wind was blowing.

Similar results were achieved during the 
subsequent days of testing. Although there was 
considerable variability due to changing wind 
speeds and direction, the sensors picked up gas 
concentrations every day. For example, on day 
four, sensors detected concentrations in seven 
out of the ten minutes the valve was open. 
Further testing conducted at various intervals 
over the next three weeks was also consistent 
with these findings. No gas release went 
undetected, confirming the conclusion that 
wireless point gas detectors can pick up leaks as 
small as 500 ppm or 1% LEL within minutes and 
communicate the data reliably across a wireless 
gateway.

Once the presence of leaks is detected, the 
onus is on the owner of the facility to deploy 
teams to locate the exact location of the leaks. 
Without the wireless sensors, repairing any leak 
outside the detector's limited range would likely 
require two visits, one to identify the leak and 
one to repair it. 

Safety through in-house leak 
detection 
In addition to cost-effectively augmenting the 
coverage of wired leak detectors, wireless gas 
detectors also provide a low-maintenance 
in-house solution, which reduces the cost of 
bringing in third parties for the task of 
supplementing leak detection. Safety can now 
be implemented on a broader yet more 
affordable scale. 

At least three factors contribute to the low 
maintenance requirements. One is the extended 
battery life now possible with lithium 
technology, which can be five years or more. A 
second contributor is the increasing lifespan of 
the sensing units themselves which can go up to 
three years. And the third is the ease of deployment 
and calibration, which reduces commissioning time 
from days to minutes. All these add up to better 
protection for employees and neighbouring 
communities, greater control over production loss due 
to detected leakage and improved regulatory 
compliance – all in ways that would not likely be 
cost-feasible with wired gas detectors alone.

Vanguard’s field-interchangeable gas sensor 
modules detect methane or hydrogen sulfide or carbon 
monoxide. Data such as gas concentration, battery life 
and calibration are transmitted from the detector and 
integrated seamlessly with existing SCADA or asset 
management systems (AMS) via WirelessHART to the 
gateway and commonly used Modbus and Ethernet 
communications. The data can also be sent easily to 
the cloud for trending, asset management and 
enterprise-level analysis that can reduce costs and 
improve safety and compliance further.

Joining the Industrial Internet of 
Things (IIoT)
Using an industrial network protocol, such as 
WirelessHART, sets the stage for the next generation of 
industrial connectivity. A wireless protocol ensures 
secure, reliable connectivity and easy migration of data 
with SCADA systems while also enabling continuous, 
simple, plug and play operation. This also provides the 
opportunity to begin integrating gas leak monitoring 
and detection with other plant devices, such as pumps 
and valves, improving safety through improved alarm 
handling and trend analysis. Such easy data migration 
also improves asset management by monitoring asset 
deterioration over time. 
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Figure 3. Wireless sensors send information on concentrations 
of any gas they detect to the SCADA software.

Figure 4. Sensor detected leakage within the first minute of 
opening a valve.
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T o anyone responsible for safety at a hydrocarbon storage 
and transfer facility, the names Buncefi eld and Caribbean 
Petroleum Bayamón will likely conjure up thoughts of 
catastrophic explosions and fi res resulting from overfi lling 

incidents. Analysis of these and similar disasters suggest such incidents 
are the result of failures, or the absence, of four systems:

The plant’s basic process control system (BPCS), leaving operators 
with a false indication of the fullness of a given tank.
Overfill protection mechanisms, which should automatically shut 
down a transfer when nearing capacity, but instead allow liquid 
fuels to escape.
Gas detectors, which should call attention to flammable vapour 
clouds forming from a spill in progress.
Fire detectors, which should trigger suppression systems and alert 
operators when a fire breaks out.

These systems represent sequential layers of protection for the 
facility, moving from prevention to mitigation (Figure 1), each offering 
an ability to stem an incident before it moves to the next level of 
damage. 

This article will take a brief look at all four of these systems 
individually in the context of fi xed and fl oating roof tanks to 

understand how they can be improved and optimised to deliver 
their protective function.

Joshua Hernandez and Helena Hjortsberg, 
Emerson, outline how the right instruments 
and system components combined with an 
effective strategy can help protect industrial 
plants and facilities.
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Understanding overfill prevention
The most effective way to avoid an incident is to keep 
fl ammable liquids inside the tanks. The most common source 
of releases, outside of a pipe or valve failure, is overfi lling, as 
was the case in the incidents previously mentioned. Such 
incidents happen when operators do not have an accurate 
indication of a tank’s contents and end up forcing in more 
liquid than it can hold. This stems from ineffective level 
instrumentation, resulting in poor situational awareness for the 
operators: the tank they are trying to fi ll is already fuller than 
they realise. This should be stopped by an automatic safety 
system that is able to shut down a liquid transfer, or at least 
trigger an alarm to warn operators of the developing situation.

An effective overfi ll prevention system provides a 
combination of instrumentation to implement a data 
management and safety strategy. In most situations, as the 
level nears capacity, the system will indicate a high-level alarm 
and warn operators so they can stop the transfer. If they do 

not, at a high-high level point, the system will trigger a safety 
instrumented function (SIF) to activate an emergency 
shutdown (ESD) of the relevant pumps and valves, bringing the 
transfer to a halt. This is a disruptive act, so it is better for 
operators to handle the situation before the high-high level is 
reached.

This approach calls for at least two level instruments: one 
conventional to send data to the BPCS and operators, 
governed under API 2350, and the second instrument is 
certifi ed to the required safety integrity level (SIL), compliant 
with IEC 61511, to provide the SIF. The two systems are typically 
referred to as automatic tank gauging (ATG) and automatic 
overfi ll prevention system (AOPS), respectively (Figure 2). 
These exist side-by-side, operating in parallel to provide two 
layers of protection.

This setup typically uses two level instruments with 
separate signal processing as required to provide the SIFs. The 
ATG side will usually include a multiple-point temperature 

probe to provide a more accurate picture of the tank’s 
contents since temperature affects net volume. This 
volume is calculated in real-time by inventory 
management software, which includes alarm functions 
triggered by high- and high-high level measurements.

The AOPS side can be confi gured to refl ect the SIL 
requirement for the facility. SIL 2 and 3 are both 
common and achievable by selecting an appropriate 
level device. This should involve application of a 
non-contact radar level gauge, optionally a vibrating 
fork level switch either with SIL 2 or SIL 3 certifi cation 
under IEC 61508. Both of these are available with SIL 2 
certifi cation and some extend to SIL 3 under 
IEC 61508. The AOPS can send its data to the 
inventory management software without interfering 
with its ability to function independently. 

The Rosemount 5900S Radar Level Gauge is 
available in a SIL 3 2-in-1 version with two independent 
units, requiring only a single tank penetration, so it can 
be used for both level and independent overfi ll 
prevention measurements.

An effective AOPS following this approach can 
provide a 99% coverage factor, but this does not 
eliminate the need for additional layers of protection. 
The shutdown mechanisms to turn off pumps and 
close valves must also perform fl awlessly but are 
outside the immediate control of the AOPS. 
Additionally, there are other potential causes for leaks 
and spills, such as operator error.

Flammable and toxic gas detection
Flammable gases such as vapour clouds can be 
formed from liquid fuel spills, but the same concerns 
apply to escaping propane and methane from 
pressurised tanks. In some situations where sour 
products are handled, hydrogen sulfi de (H2S) 
accumulating in tanks may also be a factor causing 
potential toxic exposure for workers, in addition to 
fi re hazards.

There are several technologies able to detect 
fl ammable and toxic gases, each with its own 
capabilities and designed to perform a specifi c type of 

Figure 1. The first line of defence against overfills is an effective 
basic process control system.

Figure 2. The ATG and AOPS exist side-by-side, but 
separately, so they can function independently. Emerson’s 
RosemountTM 5900S Radar Level Gauge is available in 
conventional and SIL-rated versions.
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task. When used in combination, they complement each 
other to provide thorough, overlapping detection 
coverage.

Fixed point flammable gas detectors
Fixed point fl ammable gas detectors are the most 
common and use one of two sensor technologies. Infrared 
sensors respond to the specifi c light wavelengths 
absorbed by the vapour or gas. Catalytic bead sensors 
facilitate an internal chemical reaction in the presence of 
a variety of gases and vapours, both hydrocarbon and 
non-hydrocarbon-based. Both technologies depend on a 
cloud drifting to the individual sensor with suffi cient 
concentration to be detected.

Fixed point detectors are usually deployed where 
there is a concentration of equipment 
and therefore multiple potential 
release points. Since ambient air 
movement affects where a cloud 
might drift, several units are typically 
distributed around target areas.

It is common practice to 
separate the instrument’s sensor 
from its transmitter so the sensor 
can be placed in the best position to 
capture a gas cloud, while the 
transmitter can be mounted where it 
is easier to reach for configuration 
and service. This minimises the need 
for technicians to enter potentially 
dangerous locations. Distances up to 
1500 ft (450 m) between sensor and 
transmitter can be spanned, allowing 
transmitters to be installed in 
centralised clusters, while the 
sensors are mounted in suitable 
locations.

Open path combustible gas 
detectors
Open path combustible gas detectors 
send a focused source of infrared 
light from a transmitter to a receiver 
(Figure 3) to detect combustible gases 
moving through the line-of-sight path 
from the transmitter to the receiver. 
These cover a wider area, at least in 
one direction, than a fi xed-point 
detector, and are therefore deployed 
like a fence around the perimeter of 
equipment and tank clusters. 
Detection is subject to ambient air 
movement, so most facilities deploy 
multiple units.

Ultrasonic gas leak detectors
Ultrasonic gas leak detectors should 
be deployed only where there are 
pressurised storage tanks. These 
listen for the characteristic sounds 

made by pressurised gas leaks in frequencies above 
audible range (Figure 4). Using multiple piezoelectric 
sensors, these instruments can respond to these specifi c 
sounds very quickly. Response can be immediate as there 
is no need to wait until enough gas has escaped to reach 
a threshold concentration. Their limitation is that they 
respond to any escaping pressurised gas, so they cannot 
differentiate between escaping propane and a 
compressed air leak.

Toxic gas detectors
Toxic gas detectors are different in that they perform a 
monitoring function and are not used with conventional 
safety instrumented systems (SISs). There is usually no 
ESD connected to a release of H2S. A sensor typically 
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activates a local alarm and sends a warning to the control 
room to alert operators and other personnel in the plant.

This fl exibility provides an opportunity to use 
WirelessHART®-enabled instruments to send data to the 
larger monitoring host system, rather than the costlier 
wired connections required by SIFs. Consequently, 
wireless toxic gas monitors are the least expensive to 
deploy. Placement of toxic gas detectors concentrates 
around those tanks where sour products tend to be 
stored, and around supporting equipment since the 
corrosive nature of H2S can frequently create leaks.

Flame detectors, the last automated 
protection layer
In the event of a leak, whatever the cause and whether or 
not gas detectors have identifi ed that a fl ammable cloud 
exists, it is paramount that fl ame detectors determine if a 
fi re has broken out as quickly as possible. This is the last 
layer of automated protection. Beyond this, the facility 
depends on physical barriers and fi rst responders. Flame 
detectors trigger multiple safety functions, including 
sounding alarms, initiating fi re suppression systems, and 
activating ESD functions to isolate tanks.

Detection technologies have come a long way. 
Old-fashioned heat detectors delivered a slow response, 
having to wait until temperatures increased suffi ciently 
and reached the sensor. Early ultra-violet (UV) 
radiation-based sensors were often de-tuned to avoid false 
alarms and rendered ineffective due to smoke absorbing 
UV, effectively blocking the sensor’s ability to see the fi re. 

Fortunately, fl ame detectors available today can 
respond very quickly to a fi re, even in the presence of 
heavy smoke. They detect multiple specifi c wavelengths in 
UV and IR bands generated by hydrocarbon or 
hydrogen-based fuel combustion. The ability to pinpoint 
these wavelengths allows an operator to specify sensors 
optimised for the products handled at the facility, which 
improves sensitivity while minimising the potential for 
false alarms.

Flame detectors are directional, and therefore 
deployed like surveillance cameras, often positioned 
above critical equipment looking down (Figure 5) to get a 
minimally obstructed view at a specifi c area of coverage. 

Since they cannot see around tanks, multiple units 
need to be installed. In congested areas where equipment 
such as valve clusters are mounted at ground level 
between tanks, additional fl ame detectors can be 
mounted lower to fi ll in areas which cannot be seen from 
higher positions.

Elements of a larger strategy
All the individual topics discussed so far must come 
together to create a coordinated strategy to link all the 
protective layers. The selection of various protective 
devices and how they are integrated with an overfi ll 
protection system and larger safety systems must be 
analysed and planned carefully by experts. Preserving a 
facility’s ability to operate while avoiding safety and 
environmental incidents calls for the right strategy, 
equipment, proof-testing, and personnel training. 

Figure 5. Flame detectors, such as Emerson’s 
Rosemount 975 family, look for radiation in 
specific wavelengths emitted by hydrocarbon or 
hydrogen-based combustion.

Figure 3. An open path combustible gas detector, 
such as Emerson’s Rosemount 935, can detect a 
cloud of gas moving through its line-of-sight from the 
transmitter to the receiver even if it has diffused to a 
relatively low concentration.

Figure 4. An ultrasonic gas leak detector, such as 
Emerson’s Incus Ultrasonic Gas Leak Detector, can 
capture the sound of a compressed gas leak.
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A n extensive review of safety measures recommended 
by the MB Lal Committee in India, following an 
accidental fi re at the IOCL Jaipur Terminal, has 
resulted in the introduction of electro-hydraulic 

fail-safe actuators for critical tank farm emergency shutdown 
(ESD) applications. These valves, known as remotely operated 
shutoff valves (ROSOV), now provide tank overfi ll protection at 
the majority of storage facilities owned by the Indian oil 
industry. 

The application required the valves to be electrically 
operated, spring-return fail-safe with SIL2 functional safety and 
certifi cation for use in hazardous areas. During the two-year 
specifi cation writing period, Rotork worked closely with the 
three main oil companies in India, providing live product 
presentations, technical advice and performance reports. 

After an accidental fire at the IOCL Jaipur Terminal, there was an 
initiative among oil storage facilities in India to improve the safety 
standards on their sites. Steve Podger, Rotork, UK, outlines how 

Rotork helped several companies meet these requirements.
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This led to the selection of Rotork Skilmatic electro-hydraulic 
actuators operating triple-offset butterfl y valves as the standard 
for the critical ROSOV application.

Challenge
The Jaipur accident has similarities with the Buncefi eld fuel 
depot fi re in 2005. Since then, much has been done to ensure 
that such a catastrophic accident should not happen again. In 
the UK, the Competent Authority/Industry Standards Task 
Group (COMAH) has led the way for safeguards to be put in 
place by the industry to provide additional safety and 
environmental protection at tank farms. Endorsing the 
recommendations of the Buncefi eld Standards Task Group, a 
key feature of these safeguards is the installation of ROSOVs 
with fail-safe actuation for ESD duties.

Solution
The majority of ROSOVs are situated on the inlet and outlet 
ports of the fuel storage tanks and are designed to isolate 
individual tanks in the event of a potential emergency. The 
predominant tank farm actuation technology is electric, which 
suits the very spacious environments that typify these sites. 
Within such environments it would be very expensive to install 
a pneumatic ring main with inherent pressure drops, whilst an 
electrical source for control and indication is traditionally 
available on these installations. It therefore makes economic 
and practical sense to use electricity to power the ROSOV 
actuators as well. 

A specialised electric actuator design is necessary to 
achieve the swift fail-safe operation demanded by the ESD duty. 
Experience has shown that this can be successfully delivered 
through the electro-hydraulic route.

Electro-hydraulic actuators use a simple and therefore very 
reliable mechanical spring to provide fail-safe valve movement, 
whilst valve movement in the opposite direction is achieved 
hydraulically by means of an integral electrically powered 
pump. With this design, reliable fail-safe performance can be 
combined with the benefi ts of the latest electric actuation 
technologies, facilitating a high level of asset management 
encompassing accurate control, monitoring and alarm signalling, 

operational data logging and diagnostics. 
Further savings in capital and 
maintenance costs can be achieved by 
the simplifi cation resulting from the 
adoption of an all-electric solution for 
the overall plant control system. 

The electro-hydraulic solution for 
critical ROSOV applications is being 
provided by Rotork Skilmatic actuators. 
In addition to tank farms, areas of 
application include the isolation of 
sections of pipelines between pumping 
stations and the protection of remotely 
sited natural gas wells. Combining 
all-electric simplicity with the precision 
of hydraulic actuation, standard features 
include non-intrusive setting, 
performance monitoring, and 
confi gurable data logging of valve and 
process data for analysis, preventative 

maintenance and asset management. The actuators operate on 
a pump and bleed principle utilising a motorised vane pump to 
provide hydraulic pressure in one direction and spring-return in 
the opposite (bleed) direction. 

When the actuator is commanded to open from the closed 
limit, the bleed solenoid valves are energised. The motorised 
vane pump is started under no-load condition as a result of the 
delay in energising the bypass solenoid valve. With the bypass 
solenoid energised, the system pressure acts against a spring 
opposed piston to drive the actuator in the open direction. 
When the actuator is commanded to stop or reaches the open 
limit, the bypass solenoid valve is de-energised, followed by the 
motorised vane pump after a pre-set time unless a new 
command is given. The bleed solenoid valves remain energised 
and the system pressure is maintained to hold the actuator 
position. 

When the actuator is commanded to close or receives the 
ESD signal, the bypass solenoid valve, bleed solenoid valves and 
motorised vane pump are de-energised. Pressure is released; the 
hydraulic fl uid returns to the reservoir and the spring returns the 
valve stem to the fail-safe position. ESD can be confi gured to 
operate on loss of mains power supply or control signal 
(ESD signal). The ESD action can be confi gured to fail-safe 
closed, open or stayput.

There is also an option to add a second ESD circuit with the 
following functionality. Two independent ESD signals operating 
the same solenoid valve; if either ESD signal is removed the 
actuator will perform the safety function. Alternatively, two 
independent ESD signals operating independent solenoid valves; 
if either ESD signal is removed the actuator will perform the 
safety function. 

As an added safeguard, an optional ESD manual reset can be 
enabled to restrict the actuator from operating until locally 
reset at the actuator or with an externally mounted switch. 
Closing speeds can be adjusted to meet the specifi c 
requirements of the application. 

The introduction of Rotork Skilmatic electro-hydraulic 
fail-safe actuators for critical tank farm ESD applications now 
provides tank overfi ll protection at the majority of storage 
facilities owned by the Indian oil industry. 

Figure 1. A Skilmatic actuator on an isolation valve.



B ottom loading of tank trucks that supply facilities such 
as petrol stations or aviation fuel depots is a well 
proven and effi cient technology that has been 
commonplace for over 50 years. It enables rapid fi lling 

with typically 2300 l/min of different fuel products into 
separate compartments at the same time, increases work safety 
for truck drivers, and protects the environment by its prescribed 
vapour recovery system.

As the overfi ll prevention system for fuel tank vehicles relies 
on the safe interaction of the components installed on the tank 
truck, the stationary control unit and the subsequent control to 
interrupt the product fl ow, all system components such as level 
sensors, connectors and the control unit are specifi ed in 
standards and regulations. The technologies were initially 
standardised in the API RP 1004 recommendation and were 
further detailed in international regulations and standards, 
including the European Directive 94/63/EC and CENELEC 
standard EN 13922. These standards ensure a reliable and secure 
interoperability of all system components and are commonly 
applied in daily practice. 

Although bottom loading plays an increasingly important 
role as the worldwide industrial practice for fi lling tank trucks 
distributing fuel, heating oil or kerosene, there are still some 
deviations, regional peculiarities and potential dangers from 
using inappropriate devices or inadequate processes in practice. 
Incompatibilities caused by deviating truck sockets, in particular 
in cross-border traffi c, can be easily solved by buying an 
additional cable with fi tting plug. But poorly maintained or even 
manipulated tank trucks can put the whole terminal at risk, 
especially if the overfi ll prevention installation is not capable of 
detecting hazardous inadequateness, such as a bridged level 
sensor or a missing diagnostics line needed for indicating the 
overfi lled compartment. Moreover, some installations even 
invite users to ignore maintenance backlogs or to circumvent 

Andreas Brückner, H. Timm Elektronik 
GmbH, Germany, explores the smart 
integration of overfill prevention in 

truck loading control systems.
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missing release pre-conditions by offering a bypass key for 
enforcing fi lling release nonetheless. 

For this reason, stationary control units, which are fully 
compatible to all variations and brands of tanker equipment and 
able to indicate the status of loading or reasons for remaining in 
non-release state as a plain text display, should be used. In 
addition, they must be highly connectible so they can be 
optimally integrated into the subsequent loading control 
system. 

Basic overfill prevention for bottom 
loading vehicles
When liquid fuels are loaded into tank vehicles, the mass fl ow 
to each tank compartment is usually controlled by a pre-set 

loading meter. When the pre-set quantity is reached, the 
loading meter actuates a control valve to stop loading into the 
related compartment. However, an independent secondary 
shutoff control system is mandatory at every bottom loading 
gantry to prevent:

False determination of the residual filling capacity.
Operating errors by the truck driver at the loading 
computer.
Technical errors on the loading pre-set or the primary 
shutoff valve.

The additional system is primarily intended to prevent an 
overfi lling in mentioned situations that could possibly result in 
the burst of a tank compartment with a huge product spill and 
eventually in a very dangerous situation. Besides monitoring the 
safe fi lling of liquid fuels, this system performs and supervises 
the electrostatic grounding and checks the proper connection 
of the vapour recovery hose to the tank truck during the hole 
loading process. Level sensors on top of each compartment of 
the tank vehicle are linked to the stationary installed overfi ll 
prevention controller via a standardised plug and socket 
connection. The level sensors inside the compartments are 
positioned in such a way that once a sensor gets immersed in 
liquid, the product fl ow stops before a compartment gets 
overfi lled. The level is set to a maximum of 97% of the 
compartment capacity. When a sensor senses liquid, the 
controller immediately shuts down the fi lling process to prevent 
possible hazards or any harm to the truck, the driver or the 
environment. 

The existing standards require the gantry controller to be 
wired to the upper loading control system via a simple binary 
contact output stating ‘permissive’ or ‘non-permissive’ for the 
loading process. The fail-safe permissive signal is only given 
when all level sensors are dry, the electrostatic grounding is 
established and the vapour recovery hose has been properly 
connected. In case of a factual overfi lling, the overfi ll prevention 
controller shall indicate which compartment is overfi lled. 
Furthermore, a non-permissive state should be indicated if the 
other two pre-conditions (proper grounding and correct 
connection of the vapour recovery hose) are not given. 

Beyond the basic standards, the requirements of tank farm 
operators have developed towards more sophisticated features 
on overfi ll prevention controllers to ease installation and 
maintenance procedures, improve the overall management of 
the facility, and make loading bay operations more effi cient.

Enhanced features of a modern overfill 
prevention controller
Regarding the overfi ll prevention system, the following practical 
experiences describe daily troubles at truck loading terminals in 
tank farms and refi neries and how to solve them with a modern 
overfi ll prevention unit.

Case 1
In the fi rst case scenario, the truck driver does not get a fi lling 
release when connecting the overfi ll prevention system. The 
loading bay is blocked and the supervisor must rush to the bay 
in order to solve the situation. 

In this case, it would be essential to immediately provide 
the truck driver with easy to understand and precise 

Figure 1. Bottom loading of fuel tank trucks.

Figure 2. Stationary controller with coiled cable and 
truck plug.
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information to enable them to solve the problem on their own. 
If they, for example, just forgot to activate the pneumatic 
system on the truck, the proper connection of the vapour 
recovery hose may not be signalled. But if this information is 
visible for the truck driver at the fi lling gantry, they would be 
able to solve this situation without the supervisor by just pulling 
the pneumatic switch. 

In addition, all available data of the installed equipment 
should be accessible in the supervisor's control room so that the 
loading status of all loading bays can be monitored and 
evaluated from the control centre. This allows the supervisor to 
take remedial measures if necessary to ensure that the loading 
procedure can be continued. Therefore it would be highly 
benefi cial if the control unit could also signal the status of the 
grounding, the vapour recovery hose connection or an actual 
overfi lling of a tank compartment separately in addition to the 
general, standardised signal for fi lling release.

Case 2
In the next case scenario, the truck driver is in a hurry and 
forgets to disconnect the truck connector plug of the overfi ll 
prevention controller. A drive-away with attached connector 
plug results in a dangerous situation and goes along with costly 
damages at the loading gantry and a long-term breakdown. Even 
when the truck driver disconnects the truck plug correctly, it is 
possible that the plug could drop to the ground if it is not 
stored in a safe position. When the next truck drives over the 
cable, it is most likely to break and would need to be replaced. 

Modern overfi ll prevention controllers help avoid situations 
such as this case scenario. For example, the controller can 

monitor if the truck plug was placed back into a parking 
position, before allowing the driver to leave by controlling the 
traffi c lights or a barrier at the exit, thus increasing the 
operational safety. A disconnector junction box with parking 
socket also serves for a defi ned break-away coupling and sends 
a ‘truck plug in parking position’ signal to the controller.

Variations of truck-side equipment
Bottom loading vehicles according to EN 13922 or API RP 1004 
standard have up to 8 or 12 compartments, each equipped with 
a separate level sensor. Suitable types of sensors are NTC 
thermistor sensors, optical sensors or other compatible devices, 
which provide a normative signal to the stationary control unit. 
Wiring of the sensor system may be carried out as a 5-wire or a 
2-wire system to a standardised truck socket on the tank truck 
for connecting it to the overfi ll prevention controller. This truck 
socket has 6 or 10 electrical contacts encoded with a 3J or 4J 
bayonet coupling, depending on the applied overfi ll prevention 
standard. Furthermore, it contains a vapour recovery hose 
interlock switch looped into the static bonding connection to 
the vehicle chassis. 

According to EN 13922 standard, optical 5-wire sensors shall 
be connected to a 10-pin truck socket with 4J bayonet coupling 
(same as the 2-wire sockets), whereas the API recommended 
practice 1004 requires using a 6-pin socket with 3J bayonet 
coupling for this type of sensor. This means that in some regions 
where this deviation is not fully taken into account, both types 
of counterpart connectors must be provided in the tank farms. 
There is also an important difference between the mentioned 
standards regarding the way of evaluating the proper static 
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grounding. This can either be achieved by measuring the 
resistance of the grounding path or by detecting a so-called 
ground bolt containing a diode.

For all these reasons, the preferred overfi ll prevention 
controller should automatically detect the vehicle 
installation, such as the wiring of connected sensor system 
(2-wire or 5-wire), the type of sensors (optical or thermistor 
type) and the type of grounding (resistive or via ground bolt) 
without any need for pre-confi guration or selection by the 
truck driver.

A new device
The advanced EUS-2 stationary control unit is characterised by 
a completely automatic detection of the vehicle installation 
and provides a number of control outputs. As TIMM is 
developing and selling depot-side equipment only, the control 
unit is fully compatible to liquid level sensors of several 
manufactures and brands. 

In order to achieve the highest level of safety and 
effi ciency in the loading processes, the integration of EUS-2 
into the loading control systems can be easily done by using 
the additional, confi gurable control outputs in addition to the 
standardised fi lling release output. All these outputs are 

available as relay contacts in increased safety or as intrinsically 
safe NAMUR compatible outputs. By comparing the general 
fi lling release signal with an additional control signal, it is 
possible to distinguish between a solvable fault condition and 
a factual overfi lling. As described previously, the control of 
traffi c lights or barriers is possible by using one of the 
additional control outputs together with the required 
accessory equipment.

Furthermore, the control unit offers an intrinsically safe 
data bus interface to transmit the controller’s status 
information to a terminal management software or external 
process control system. This also allows the total number of 
detected compartments to be traced or the specifi c number 
of an overfi lled compartment to be identifi ed. The intrinsically 
safe data bus system is also capable of exchanging information 
with other devices, such as card readers.

To ensure an optimised process fl ow at the loading gantry, 
TIMM's overfi ll prevention controller is equipped with a plain 
text message display, showing the current device status and 
the determined information about the connected tank truck. 
With data bus linkage, it is also possible to set the display 
language individually and automatically to the native language 
of the truck driver. In case of any failure or disturbance, the 
operator gets information about the source of failure directly 
on the display as a plain text message.

Furthermore, the unit is designed in accordance with the 
TIMM intelligent explosion protection concept (IEPC). By 
combining types of protection, such as ‘powder fi lling’ (Ex q), 
‘increased safety’ (Ex e) and ‘intrinsic safety’ (Ex i) in a smart 
way, the unit is allowed to open the main enclosure in 
potentially explosive atmospheres for joystick-operated 
confi guration. Overall, the control unit is approved for 
operation in gas hazardous areas according to European ATEX 
directive 2014/34/EU, EAC Ex regulation TR-CU 012/2011 and 
international IECEx scheme. 

Conclusion
Modern control devices for overfi ll prevention of 
bottom-loading tank trucks not only provide the standardised 
signal for fi lling release but also offer additional confi gurable 
control outputs, a plain text display for the tanker driver and a 
data communication interface. This signifi cantly increases the 
effi ciency and safety of the loading process, since the driver 
can quickly fi x correctable errors himself and an actual overfi ll 
situation can be clearly identifi ed. By using such an enhanced 
controller, a smart integration of the overfi ll prevention in the 
entire truck loading control system for optimal evaluation of 
all provided status information can be easily achieved. 
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Figure 3. EUS-2 displays ‘vapour recovery hose 
and/or earth connection not detected’.

Figure 4. Disconnector junction box with parking 
socket for barrier control.
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Emergency fuel shut off (EFSO) systems are designed to 
provide a means to quickly and completely shut off 
fuel fl ow to all hydrants in an emergency. When an 
EFSO occurred at the Won Pat International Airport 

passenger terminal in Guam, all fuelling operations would 
come to a halt. Once initiated, a horn would blare next to a 
fl ashing light in the control tower on top of the terminal. An 
operator would silence the alarm and call the tank farm to 
have them stop any active fuelling operations. Hopefully, 
someone was next to the phone at the tank farm when the 
call was made. However, this was not always the case and 
increased the time span to stop all fuelling, fi nd the problem, 
resolve the problem, and restart fuel fl ow.

Supreme Group, a global fuel storage service provider, has 
been managing the fuel farm at the Won Pat International 

Airport in Guam for the past six years. During that time, the 
company has been working with Varec on pre-existing fuel 
inventory management solutions, as well as new upgrades.

Wanting to improve data communications and automation 
as it relates to fuel management across the airport, Supreme 
Group had several ideas. First, it wanted to tackle the EFSO 
system. The current system was rudimentary and the company 
wanted something more advanced to help minimise downtime 
across the airport whenever an EFSO occurred. It also wanted to 
provide the control tower with EFSO data, by specifi c location, 
in real-time. This detailed information would also be valuable 
for the fuel farm to help ensure both sides could work together 
quickly to resolve alarms when they occurred. 

Supreme Group reached out to Varec to develop a solution 
that would achieve these goals.

Derek Blagg, Varec, USA, provides a case study of the recent implementation of 
an automated emergency fuel shut off system at Guam International Airport. 
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Solution
Varec has provided the Guam Airport with a variety of hardware 
and software systems to support inventory control needs at the 
fuel farm for many years. When presented with the request for 
a solution to upgrade the EFSO system, Varec’s sales and 
systems engineers suggested the company’s latest update for 
FuelsManager, version 10, along with programmable logic 
controller (PLC) updates. 

FuelsManager 10 is browser-based and includes feature 
enhancements to both the inventory management and 
supervisory control and data acquisition (SCADA) applications. 
The software platform supports standard internet protocols 
and security to help reduce the IT footprint for faster 
deployment. It also includes a powerful custom module editor 
that allows systems engineers to more easily confi gure data 
points that support a variety of automation needs.

Work on the project began in May 2019. The project 
included the installation of the latest version of Varec's software 
platform at the control tower as well as PLC upgrades to 

support a more robust EFSO system. The two were then 
integrated. The EFSO enhancements also included custom 
SCADA graphics not previously available prior to the upgrade.

Results
With the new SCADA graphics, operators in the control tower 
are now able to see specifi cally where an EFSO is occurring, in 
real-time. The graphic shows where all of the EFSO switches are 
located across the airport. Whenever a switch is initiated, that 
specifi c location will illuminate on the graphic. The fuel farm is 
also able to remotely view the new EFSO system on a monitor 
in the fuel farm control room. With both areas of the airport on 
the same network, all of the operators were able to view 
real-time information when an EFSO occurs. 

Airport operators and managers have been very happy with 
the new system. Having access to detailed critical data, such as 
EFSO alerts, has been helpful in managing day-to-day 
operations. During a recent visit by the airport’s regulatory 
agency, Supreme Group was congratulated on the upgrades 
made to the control room and EFSO system.

Future enhancements
Supreme Group and Varec will be partnering on additional 
upgrades and technology enhancements over the next few 
years. In 2020, the second phase of technology upgrades will 
include a new PLC system to power more data communication 
and automation throughout the fuel farm. Once in place, the 
new PLC will automatically isolate and shut off the area where 
an EFSO has occurred. This new automation will enable 
operators to resolve EFSO issues safely, while the rest of the 
airport’s fuel operations continue to function without 
interruption. 

Leak detection is another area of concern for Supreme 
Group. The current leak detection system, which functions in 
isolation, is also slated for an upgrade in phase two of the 
project. In this case, the company will be looking to integrate 
leak detection with the new PLC, enabling these alerts to be 
viewed and managed within FuelsManager. 

The third phase of upgrades will be to update the fuel farm 
to the latest version of Varec’s software platform, and integrate 
it with the new PLC. When this is complete, the control tower 
will be able to view the fuel farm’s inventory data via a remote 
web browser. In return, fuel farm operators will also be able to 
monitor status remotely. This is an important feature for the 
operators, especially during off hours. Hydrant automation will 
also be included during the third phase. This upgrade will 
provide automation for pumps and valves as well as monitoring 
for pressure and fl ow.

Conclusion
EFSO automation is just one of the areas of automation and 
integration fuel farms should deploy. It is often challenging to 
integrate the many disparate systems utilised across airport fuel 
farms. However, integration is vital to help mitigate, or at least 
reduce, the downtime of hydrants systems if an issue occurs. 
The ideal integrated system would begin from the pipeline 
receipts at each tank, extend to tracking and monitoring 
movements from tank to tank, managing fuel fl ow to the 
hydrant pumps and truck racks, as well as EFSO monitoring at fi ll 
stations along the fl ight line. 

Figure 2. The new EFSO system in the airport control 
tower running on FuelsManager 10.

Figure 1. Remote monitor of the new EFSO system in 
the fuel farm control room.
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B uilding a strong reputation within any industry relies on strong 
relationships with the customer, and the petroleum distribution 
industry is no exception. In Marietta, Georgia, US, S.A. White Oil Co. 
has built a culture focused on quality customer service, effi cient 

work processes, and improvements through investments in people and 
technology.

The challenge 
Understanding different customers’ businesses has played a key role in how 
S.A. White Oil Co. has grown its operation over the years. With many of 
their fuel deliveries concentrated in the construction industry, it is essential 
for the team to understand variations in demand on a daily basis. Weather 
and the economy are constantly disrupting the distribution schedule across 
the state, meaning that constant attention is required from the dispatch and 
management team. 

For instance, one customer has been working on a large-scale 
construction project with the US Department of Transportation. As the 
project has progressed, the equipment usage has varied. On some days, the 
equipment is being used 24 hours a day, while on other days, the equipment 
is only used for 12 hours. Furthermore, weather conditions can have a major 
infl uence on productivity. For example, severe rain, which is frequent in the 
region, can force the entire project to have to shut down. This can 
signifi cantly reduce the need for refuelling at the customer site. Thus 
conditions must be continually monitored and the supply managed in order 
to avoid overruns. 

Uncontrollable circumstances such as these have a direct impact on the 
distribution schedules and must be taken into account on a daily basis in 
order to run an effi cient operation. The economy also plays a huge role, as 
distribution schedules change drastically when there is a shift in rack rates 

Anton Albrand, SkyBitz, USA, examines a 
case study in which efficient tracking of tank 

locations and fuel levels was essential to meet 
variations in customer demand.
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and as customers look for ways to take advantage of declining 
fuel prices. Asset depreciation and labour costs can also eat into 
profi ts when fl uctuations with the economy and customer 
demands are constantly changing. 

On the other side, as companies look to improve 
productivity and cut costs across operations, they must also 
recognise the risks when transferring manual processes into 

digital ones from a customer perspective. While overruns may 
seem counterproductive, S.A White Oil Co. has made efforts to 
perform effi ciency checks so that its customers do not run out 
of fuel, which is the biggest mistake that can be made in the 
petroleum distribution industry. Transitioning to digital 
processes must be strategically planned across the operation, 
utilising best practices and the aegis of its partners for both 
short-term and long-term gain. 

The solution
Approximately 20 years ago, the company implemented SkyBitz 
tank monitoring technology in an effort to locate and keep 
track of its own tanks, scattered and continuously moving 
throughout its various customer sites spanning the state of 
Georgia. What was traditionally a manual process requiring 
countless hours of employees calling and travelling to remote 
locations to look for lost tanks, has now become a simple 
process of logging into the SMARTank platform and pulling up a 
dashboard that identifi es a tanks’ physical GPS location. 

Thus, dispatch can immediately fi nd out exactly where the 
customer has moved the tank, so the next delivery can be 
effi ciently routed. 

In addition to location tracking, the integration of tank level 
sensors provides real-time readings of tank capacity for the 
purpose of automating refuelling dispatch schedules through 
the use of cloud-based technology. 

The Tank Summary Chart in the SMARTank app helps 
easily identify tank levels. Thus, if levels are 45% or higher, 
management can decide that servicing to that tank can be 
foregone that day, and consequently drivers can be routed 
more effi ciently based on high priority call-ins or online 
orders. Thus, the company can be confi dent that run-outs will 
be avoided, while also ensuring that no money or driver time 
is wasted.

The impact
Direct monitoring has helped S.A. White Oil Co. reduce (and in 
some cases remove) routes, allowing the company to make 
more effi cient use of its drivers’ time while reducing the wear 

and tear on its vehicles. As more tanks are added each 
month, data insight has become increasingly valuable in 
order to keep track of operations. 

Hardware is also a huge factor in the petroleum 
distribution market, as the ruggedised sensor 
technology is a critical component when it comes to 
performance, especially as customers move tanks from 
one site to another, sometimes using forklifts and other 
construction equipment. Thus, the tank monitoring 
hardware has been designed so that it is easy to install, 
and SkyBitz customer experience teams are also on 
hand to assist with new technology migrations when 
the need arises. 

The use of tank monitoring technology has helped 
the company tap into some of the effi ciencies that are 
needed to remain competitive in today’s global 
economy. Customers no longer have to worry about 
their fuel, as fi lls can be scheduled based on known 
percentages of tank capacity. This allows better 
management of driver time in the fi eld, and reduces the 
wear and tear of trucks caused by unnecessary trips. 

Figure 2. Matthew Bennet, left, and Rusty Ruus, S.A. White Oil, 
right, review critical tank information in the SMARTank portal 
(image courtesy of Ellis Vener).

Figure 1. Ken Moore, SkyBitz, right and Rusty Ruus, 
S.A. White Oil, left, shake hands after another 
successful in person meeting (image courtesy of 
Ellis Vener).
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A s the oil and gas market advances in parts of the 
world such as the Middle East, all eyes are on what 
the future could hold for this developing sector. But 
to move forward safely, economically and with 

maximum respect for the environment, operators must also 
think carefully about how to profi ciently manage their older 
assets. 

On a global scale, oil and gas production has a rich and 
diverse history, and even on more local levels, the sector has 
evolved differently, from one country to the next. 

The story in the Middle East, for instance, dates back to the 
turn of the 20th century, with oil reportedly fi rst discovered in 
Iran in the early 1900s. Resource supply from countries such as 
Saudi Arabia began much later, with commercial quantities not 
unearthed until the late 1930s. But many would argue that the 

market became most interesting for this part of the world in the 
1960s and 1970s, when the peaking of production in 
industrialised – and largely Western – countries presented 
opportunities for Middle Eastern operators, particularly during 
the worldwide crises of 1973 and 1976.

There was a major investment in oil and gas during this era. 
However, fast forward to 2020, and the consequence is that an 
unprecedented number of assets are now rapidly nearing the 
end of their natural design life, effi ciency and environmental 
compliance. So, the question is how to clear tanks, terminals 
and other site infrastructures safely, cost-effectively and with 
minimal environmental impact. 

The Middle East is not unique in demonstrating this trend of 
course, but many countries here now fi nd themselves faced 
with a fairly notable challenge. Before the aforementioned 

Richard Vann, RVA Group, UK, explores the 
challenges and opportunities associated with 
decommissioning projects in the Middle East.
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upsurge in oil and gas activity, the landscape was largely 
undeveloped. There were no other heavy industries present, 
which means no industrial demolition history and consequently 
an absence of a supply chain profi cient in this niche engineering 
discipline. This is therefore the start of a new decommissioning 
cycle, which has kickstarted a global hunt for expertise.

A global supply chain? 
In many respects, despite the maturity of the demolition 
industry in countries such as the UK and the US – and 
consequently the level of specialist expertise which ought to be 
available – the search for a suitably skilled supply chain will not 
always be straightforward. 

There are several capable contractors in the market. 
However, many are reluctant to take on jobs outside their own 
borders, despite the opportunities this could present for the 
growth of their businesses. 

This therefore narrows down the number of potential 
demolition teams able to tender for work in Middle Eastern 
countries, among others.

Consultancy support and advice is undoubtedly even harder 
for asset owners to procure, as independent, strategic partners 
are rare. This has little to do with geography and is more a 
refl ection of the makeup of the industry. Compare 

decommissioning to the world of building and construction, for 
example, where clients have a wealth of guidance at their 
fi ngertips, plus a variety of industry specialists to choose from 
when assembling their project team, and it is and always has 
been starkly different.

That is not to say, however, that it is impossible to form a 
profi cient supply chain for Middle Eastern decommissioning 
projects. 

Tank demolition
RVA Group has recently been appointed to help a 
Middle Eastern oil and gas company demolish a large fl oating 
roof storage tank. 

The 106 m dia. x 22 m tall carbon steel fabrication – with a 
shell up to 50 mm in thickness – has long been used to contain 
crude oil. However, the tank was recently subject to an 
operational failure which resulted in a major fi re, leaving it both 
structurally distressed and contaminated with residual 
hydrocarbons and other products of combustion. 

This inherently highly-hazardous environment emphasised 
the need to plan for the adoption of cold-cutting demolition 
techniques, to help ensure the strict control of sparks and any 
other possible sources of ignition generation. Continued 
monitoring of this potentially explosive atmosphere was 
paramount. 

All works were to be carried out within a live crude oil 
stabilisation plant and long-distance pipeline pump station, with 
an operational ‘sister’ tank also lying adjacent, which made the 
project even more complex. 

RVA was fi rst enlisted by the client to develop a pre-tender 
safety plan to act as the backbone of all ensuing works. On the 
back of this project, the company has subsequently been 
retained to provide specialist project management and health, 
safety and environmental (HSE) advice for the remainder of the 
project, and will assist the local contractor – an oil and gas 
engineering services supplier who has procured resources and 
equipment from the established global decommissioning sector 
– in the works execution. RVA has also supported the 
contractor in sourcing specialist UK personnel and equipment, 
for shipment to the Middle East.

At the time of writing, the team is three months into a 
six-month schedule.

Mounting demand from the Middle East
RVA has recently worked with another organisation to write a 
detailed specifi cation of works to facilitate the tendering for 
the decommissioning and eventual demolition of a 1960s-built 
oil refi nery in the region. They have supported the client with 
devising various corporate HSE procedures, plus the 
procurement and management of a hazardous insulation 
materials survey specialist, before the next-step 
decommissioning activity can begin. 

A stretched supply chain? 
Sometimes, when a project team is formed of personnel from 
varying locations, a degree of caution exists surrounding the 
management of cultural differences. To a certain extent, this air 
of apprehension is understandable, as additional project 
considerations may of course present themselves. However, the 
thing for all parties to remember – because sometimes the 

Figure 1. Typical partial demolition of storage tank 
utilising cold cutting using excavator mounted shears.

Figure 2. Typical crude oil floating roof storage tank 
design; tank ‘full’, showing roof in raised position.
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appointed engineering teams also share such concerns – is that 
no two decommissioning assignments are ever the same, 
irrespective of their geography. To attempt to approach any 
works with uniform methodologies in mind, or rigid attitudes 
towards others for example, would not only be extremely 
foolish, but incredibly risky too – as far as decommissioning 
goes, there is no ‘one size fi ts all’.

On the other hand, responsible partners in the supply chain 
acknowledge the need to carefully and fl exibly consider all 
project parameters on their own merit, so that a best-fi t team, 
approach and schedule can be formulated on a case-by-case 
basis. As a result, such organisations and specialists are unlikely 
to be fazed by a demolition brief in the Middle East. Admittedly, 
it has the potential to create some additional criteria for 
consideration, but often a complex assignment in the 
consultant or contractor’s own country of origin generates 
unique challenges too.

Factors to consider
When assembling a multi-cultural project team, there are 
language barriers to navigate, as well as variances in everything 
from cultural beliefs to working hours and days. The time 
difference must be accommodated when planning dialogue 
between RVA’s personnel in the Middle East and resource at the 
headquarters in the UK, for example, and with the weekend 
starting on Thursday evening and Sunday being a normal 
working day in this part of the world, further thought is required 
to ensure this does not ever cause any on-site disruption or 
delay. There is a need to adapt to and embrace local customs.

It is also important to think carefully about the climate, as 
both hot and cold extremes can also infl uence onsite behaviour. 
The procuring client should ensure discussions take place 

around all of these factors, for utmost peace of mind that they 
will not cause any unexpected problems.

Legislation also varies signifi cantly from country to country, 
which can set the tone regarding project expectations, unless 
carefully managed from the outset. A scrupulous 
decommissioning specialist will never knowingly put the 
wellbeing of an individual at risk, nor will they wish to 
jeopardise the commercial or environmental integrity of the 
project by taking an action which could be seen to be cutting 
corners.

However, there should be one common law irrespective of 
culture, geography or the scope of works – respect. Respect for 
the client, colleagues, the environment, wider stakeholders, and 
of course the engineering discipline itself, will help set the 
project barometer. 

Establishing this respect naturally takes effort, but this is 
usually easier to attain with strong levels of communication, 
consultation and clarity. The corporate minimum standards for 
the project – however large or small – should be outlined and 
agreed from day one. Globally-respected European standards 
are often the starting point, but where higher levels of quality 
are known, they should always be the benchmark. 

Conclusion
In summary, decommissioning projects in the Middle East will 
not be without their challenges, but the same can be said for 
any assignment within this inherently hazardous area of 
engineering. As with all projects, considered experience and 
planning are key to a safe, cost-effective and environmentally 
sound execution. Then, this current phase of decommissioning 
works can hopefully pave the way for new installations and the 
next wave of the industry’s activity. 
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