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In the Spring issue of Tanks & Terminals 
magazine, I wrote about the glorious 
weather that we were treated to here in 
the UK during the Royal Wedding. Since 
then, I am surprised to report that the 

sun has (uncharacteristically) kept shining 
for almost the whole of our summer. In fact, 

this year has produced the UK’s longest heatwave since 1976, sparking record 
sales of ice creams, mass congestion at the UK’s beaches and long days spent 
in pub gardens.

Britain’s parched landscape has even revealed a number of prehistoric 
sites long thought to be lost, such as Iron Age settlements, Roman farms and 
Neolithic ceremonial monuments. 

However, the heatwave that has gripped much of the northern hemisphere 
has also had some devastating consequences. Wildfi res have raged (even in the 
Arctic Circle), crops have suffered, and infrastructure has been pushed to its 
limits. And that is not to mention the immediate health impacts of prolonged 
periods of unprecedented heat. In July, Japan’s weather agency declared the 
heatwave a natural disaster after 65 deaths in the space of a week.

The long hot summer has also had a number of implications for the 
storage industry. In July, S&P Global Platts reported that the lack of rain 
across northwest Europe resulted in rising costs to transport oil products 
through Europe’s key inland waterways: “Barge freight rate costs have surged 
[…] as Rhine water levels fell to perilously low levels, slowing barge traffic 
and causing the region to struggle to refill its inland tanks.”1 The low river 
levels have caused supply problems for key inland consumers, such as 
Germany and Switzerland.  

Terminal operators also have to contend with a number of significant 
challenges during the extreme weather, as outlined in an article by 
Francesca Crolley, Synavax Inc., in this issue of Tanks & Terminals (starting 
on p. 49). Crolley explains how summer can be the worst season for 
products that need to be stored at cool temperatures. She notes that 
heat gain/evaporation and condensation are particularly troublesome, 
citing a report from IOP Science that estimates that approximately 50% 
of operational losses in the chemical and petroleum industry are due to 
evaporative losses.

Of course, soaring temperatures are not the only meteorological 
challenges that the sector has to contend with. As the summer draws to a 
close, the Atlantic hurricane season is kicking in and Crolley’s article goes on 
to explain how autumn, winter and spring present other unique challenges to 
the tanks and terminals industry.

Besides talk of the weather, I am pleased to announce that 
Tanks & Terminals has launched a brand new website dedicated to the 
storage industry. Please visit www.tanksterminals.com to keep up-to-date 
with the latest industry news and to subscribe to receive a regular copy of 
the magazine.

1. https://www.spglobal.com/platts/en/market-insights/latest-news/oil/072518-europe-
heat-wave-drags-down-rhine-levels-tempering-oil-product-demand
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Worldwide | Vopak 
announces big plans

Vopak has announced that it will 
expand its chemical terminal in 

Merak, Indonesia, with 50 000 m3 to 
131 000 m3. Merak is the main 
chemical import port of Indonesia 
and has the highest concentration of 
petrochemical facilities. The 
expansion is expected to be 
commissioned in 1Q20.

Vopak has also announced plans 
to invest in its Europoort terminal in 
Rotterdam, the Netherlands, to 
support 0.5% low sulfur fuel oil 
bunkering. This investment is 
supported by customer commitments 
and will be completed in 2H19.

In addition, a new jetty will be 
constructed at Vopak Terminal 
Linkeroever in Antwerp, Belgium, and 
a major service improvement project 
will commence at Vopak Terminal 
Penjuru in Singapore, to service the 
chemical market in Singapore.

The company has also confi rmed 
plans to conduct a strategic review 
and test the market value of its 
terminals in Algeciras, Amsterdam, 
Hamburg and Tallinn.

Furthermore, in July, Vopak and 
Engro Corp. announced the signing of 
a Share Purchase Agreement in which 
Vopak will acquire a 29% share in 
Engro Elengy Terminal Pakistan Ltd 
(EETPL).

USA | Magellan Midstream and LBC to expand terminal

Magellan Midstream Partners LP 
and LBC Tank Terminals LLC are 

further expanding the infrastructure 
of Seabrook Logistics LLC, owned 
50/50 by subsidiaries of Magellan 
and LBC, by increasing Seabrook 
Logistics’ crude oil and condensate 
storage and dock capabilities in the 
Houston Gulf Coast area.

Seabrook Logistics plans to 
construct nearly 700 000 bbls of 

additional crude oil and condensate 
storage in Seabrook, Texas, as well as 
a new Suezmax dock with up to a 
45 ft draft and approximately 
400 000 bpd of dock capacity.

Following completion of the  
expansion, Seabrook Logistics will 
own approximately 3.1 million bbls 
of storage, deepwater access 
through an Aframax dock and a 
Suezmax dock, and connectivity to 

Magellan’s Houston crude oil 
distribution system, providing it 
with access to multiple inbound 
crude oil pipelines.

This latest expansion is 
estimated to cost approximately 
US$120 million, shared equally by 
Magellan and LBC, and is expected 
to be operational by late 2019, 
subject to receipt of all permits and 
approvals.

Saudi Arabia | McDermott awarded storage 
tank EPC contract

McDermott International Inc. has 
been awarded a sizeable contract 

from Samsung Engineering Saudi 
Arabia Co. Ltd for engineering, 
procurement and construction (EPC) 
of CB&I storage tanks for the Jubail 
United Petrochemical Co. (JUPC) 
ethylene oxide (EO)/ethylene glycol 
(EG) plant No. 3 in Jubail.

The fi xed lump-sum contract 
encompasses the engineering, 

procurement and fabrication of 
23 storage tanks and the 
modifi cation of two existing tanks. 
Work on the project will 
predominantly be executed from 
Saudi Arabia utilising McDermott’s 
local capabilities and facilities.

Work on the contract is expected 
to begin immediately and will be 
refl ected in McDermott’s 2Q18 
backlog.

USA | Moda Midstream to acquire IEC 
terminal

Moda Midstream LLC has entered 
into a defi nitive agreement to 

acquire the Oxy Ingleside Energy 
Center (IEC) and certain crude oil 
and LPG infrastructure from 
Occidental Petroleum Corp.

The transaction is expected to 
close in 3Q18, subject to customary 
closing conditions. 

IEC is a storage and export 
terminal that provides access to 
global markets for crude oil and LPG 
producers and marketers. It is 
strategically located in Ingleside, 
Texas, near the mouth of Corpus 
Christi Ship Channel with minimal 
transit times to the Gulf of Mexico. 

IEC has approximately 
2.1 million bbls of oil storage capacity 
and three deepwater berths for crude 
oil. The facility is currently 
undergoing expansion to add storage 
capacity and infrastructure for 
contracted customer growth and to 
facilitate additional development. 

As part of the transaction, Moda 
also acquired LPG storage, berths 
and infrastructure, certain crude oil 
pipeline assets and offsite logistics 
locations. Looking forward, Moda 
plans to expand services through 
controlled-growth development for 
additional hydrocarbons expected to 
reach IEC in the coming years. 
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France | Total acquires Engie's LNG assets

Total has announced the closing of 
the acquisition of Engie’s portfolio 

of upstream LNG assets for an overall 
enterprise value of US$1.5 billion.

Additional payments of up to 
US$550 million could be payable by 
Total in case of an improvement in the 
oil markets in the coming years.

This portfolio includes 
participating interests in liquefaction 
plants, notably the interest in the 
Cameron LNG project in the US, 
long-term LNG sales and purchase 
agreements (SPAs), an LNG tanker fl eet, 
as well as access to regasifi cation 
capacities in Europe.


InfraStrata plc’s FEED of its gas storage 
project in County Antrim, Northern 
Ireland, has achieved over 50% of the 
pre-established milestones. The FEED 
commenced in May 2018 and is scheduled 
to be delivered in accordance with 
the EU Grant provisions by no later 
than December 2018. The FEED is being 
delivered on time and on budget. To date 
there have been no significant design 
issues that will prevent the project being 
constructed as planned in order to meet 
its key objectives.


Tristar Group has acquired the Shell 
Chemicals terminal in Jebel Ali Free Zone 
(JAFZA). The terminal is situated on a 
21 000 m2 water facing lot and consists 
of nine aboveground storage tanks with 
a capacity of 5505 m3, a jetty with three 
pipeline connections to the tanks, a truck 
loading gantry and a drumming facility.


CLH has signed an agreement to acquire 
60% of the capital of HST, with the 
aim of developing the project for the 
construction and operation of a new 
facility for the storage of oil products 
located in the metropolitan area of the 
Valle de México. The new facility will 
launch its operations in 2020 with a 
capacity of almost 100 000 m3. 


The Stena Blue Sky LNG carrier has 
delivered the first cargo of LNG to the 
new privately-owned Xin’ao Terminal in 
Zhoushan, Ninbo region in August 2018. 
The Zhoushan terminal has a capacity 
of 3 million tpy of LNG. While at the 
terminal, the LNG carrier also underwent 
a PSC inspection, receiving zero 
observations.

Mexico | Andeavor developing fuel storage 
facility

Andeavor has announced plans to 
build a refi ned products terminal 

at the Rosarito storage facility of 
Comisión Federal de Electricidad 
(CFE), in the state of Baja California. 
Under the terms of an agreement 
with CFEnergía, a subsidiary of CFE, 
Andeavor will sign a long-term lease 
for the land and will construct and 
operate the facility, for a total 
investment of approximately 
US$100 million.

“The expansion of our branded 
business in Mexico allows us to 
further extend our integrated 

West Coast value chain into this 
attractive and high growth 
geography,” said Greg Goff, 
Chairman, President and CEO. “This 
logistics project will further 
strengthen Andeavor’s ability to 
cost-effectively deliver gasoline and 
diesel to our customers directly from 
our refi neries on the West Coast.”

The infrastructure is expected to 
reduce Andeavor’s cost to directly 
import fuels into Baja California, 
supporting its growing network of 
ARCO® branded stations and other 
customers in Northwest Mexico.

USA | Pinnacle Midstream announces new 
growth projects in Northern Delaware Basin

P innacle Midstream has announced 
the completion of multiple crude 

oil, gas gathering and processing 
projects in the northern Delaware 
Basin. 

Pinnacle has started operations of 
a new 60 million ft3/d natural gas 
processing plant (Sierra Grande I), 
several new compressor stations and 
additional low- and high-pressure gas 
gathering pipelines. 

The project also included 
constructing additional crude oil 
gathering pipelines, expanding a 

crude oil transload and storage 
terminal with a combined capacity 
of 30 000 bbls, and new connections 
to multiple downstream crude oil 
and natural gas pipelines in 
Culberson and Reeves Counties, 
Texas.

Pinnacle also began construction 
of a crude oil stabilisation facility 
capable of stabilising up to 5000 bpd, 
which could be expanded as needed 
to meet customer demand. The 
facility is scheduled to begin 
operations in 4Q18.
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Mexico | Marine terminal contract awarded

Sempra Energy has announced that 
its Mexican subsidiary, 

Infraestructura Energética Nova, 
S.A.B. de C.V. (IEnova), has been 
awarded a 20-year contract by the 
Topolobampo Port Administration in 
Mexico to build and operate a 
receipt, storage and send-out liquid 
fuels marine terminal in the state of 
Sinaloa.

With a projected investment of 
approximately US$150 million, the 

fi rst phase of the new liquid fuels 
terminal will have a storage capacity 
of 1 million bbls of fuel, including 
gasoline and diesel. Operations are 
expected to commence in 4Q20.

IEnova will be responsible for the 
development of the liquid fuels 
terminal project, including fi nancing; 
obtaining customer contracts and 
permits; engineering, procurement 
and construction; as well as 
maintenance and operations.

DIARY DATES
12 - 13 September 2018
11th Annual National Aboveground Storage Tank 
Conference & Trade Show
Galveston, Texas, USA
www.nistm.org

17 - 20 September 2018
Gastech 2018
Barcelona, Spain
www.gastechevent.com

18 - 20 September 2018
Turbomachinery & Pump Symposia
Houston, Texas, USA
tps.tamu.edu

26 - 27 September 2018
Tank Storage Asia
Singapore
www.tankstorageasia.com

27 September 2018
Tank Storage Conference & Exhibition
Coventry, UK
www.tankstorage.org.uk

01 - 03 October 2018
AFPM Operations & Process Technology Summit
Atlanta, Georgia, USA
www.afpm.org/conferences

15 - 18 October 2018
API Storage Tank Conference & Expo
Austin, Texas, USA
www.api.org/storagetank

27 - 30 November 2018
ERTC
Cannes, France
ertc.wraconferences.com

17 - 19 March 2019
AFPM Annual Meeting
San Antonio, Texas, USA
www.afpm.org/conferences

26 - 28 March 2019
StocExpo Europe
Rotterdam, the Netherlands
www.stocexpo.com

Turkey | TSE, Petrofac JV wins gas storage 
contract

Petrofac, in a joint venture (JV) with 
Turkish Standards Institution (TSE), 

has secured a three-year multi-million 
dollar project management 
consultancy (PMC) services contract 
in support of the BOTAS North 
Marmara underground gas storage 
expansion project (Phase III).

The existing facility, located 
approximately 60 km west of Istanbul, 
has been in operation since 2007, and 

BOTAS intends to expand its working 
gas capacity to 4.6 billion m3. 

The JV is responsible for 
managing and supervising areas that 
will cover the main phases and scope 
of work. These include detailed 
design, engineering, procurement, 
construction, drilling and 
decommissioning, along with 
commissioning and start-up 
activities.

USA | Tallgrass Energy confirms terminal 
plans

Tallgrass Energy LP has announced 
plans to develop a new crude oil 

pipeline from Cushing, Oklahoma to 
the St. James refi ning complex in 
Louisiana, as well as a separate new 
export-capable liquids terminal 
strategically located near the mouth 
of the Mississippi River.

The proposed Seahorse Pipeline is 
expected to be 30 in. in diameter and 
approximately 700 miles long, with 
the capacity to transport up to 
800 000 bpd of crude oil from 
Cushing to the Louisiana Gulf Coast. 

The proposed new terminal, 
Plaquemines Liquids Terminal, is a 
joint development project with 
Drexel Hamilton Infrastructure 

Partners LP and is being structured as 
a Public-Private Partnership (P3) in 
concert with the Plaquemines Port & 
Harbor Terminal District (PPHTD), a 
Louisiana state agency. The terminal 
is expected to be fully operational in 
2Q20 and is permitted for up to 
20 million bbls of storage. PLT will 
have the ability to fully load and 
unload post-panamax vessels (each 
with a capacity of approximately 
1 million bbls) and barges on its 
multiple deepwater docks. Tallgrass 
anticipates building a separate 
offshore pipeline extension that 
would give PLT the added capability 
of loading Very Large Crude Carriers 
(VLCC) by 3Q21.
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A ccording to the latest entrant into the region’s 
independent oil storage business, Singapore will 
remain an important centre for Asia’s booming oil 
trade despite the growing challenge from 

potential rivals in the region. 
Jurong Port Tank Terminal (JPTT), a subsidiary of 

Singapore’s Jurong Port, is stepping into an increasingly 
competitive sector of the oil business at a time when storage 
rates are under pressure and business costs are escalating.

While it did not disclose its investment budget, JPTT has 
laid down a marker with its plan to construct 480 000 m3 of 
new storage capacity in Singapore by 4Q19. JPTT will own 
60% of the new project on a 16 ha. site with Germany’s 
Oiltanking as its 40% partner and the facility’s operator.

Taking advantage of its port’s natural deep waters, the 
new terminal will include four berths with drafts of up to 
17.6 m to serve tankers up to 180 000 DWT.

Explaining his company’s latest venture, JPTT’s 
General Manager, Loh Wei, said: “Despite the fl uctuation in 
oil prices, Asia continues to be a leading driver in the global 

consumption of petroleum products. This growth in 
demand has, and is likely to further underscore product 
fl ows into Southeast Asia as well as the necessity for 
supporting infrastructure.”

According to BP’s latest annual Statistical Review of 
World Energy, Asia’s oil demand rose 3% last year to exceed 
34.57 million bpd, far outpacing the world’s demand growth 
of 1.8%. Asia’s strong appetite for oil – growing at an annual 
average rate of 2.9% over the past decade – is fi rmly linked 
to the region’s sound economic fundamentals. According to 
BP, that growth rate is expected to continue.

JPTT’s oil storage venture builds on Singapore’s 
established position in the global oil supply chain.

“Singapore will continue to serve as an important 
trading hub for oil products. Its strategic geographical 
location and deepwater harbours make it a key port of call 
for oil and petrochemical vessels plying the Asian maritime 
trade routes,” Mr Loh said in an interview. “Supported by a 
strong refi nery base of about 1.5 million bpd, and anchored 
by an international oil pricing service, S&P Platts, for Asia 

Ng Weng Hoong, Contributing Editor, explains how new storage investment is 
helping to affirm Singapore’s role as a trading hub for oil products in Asia.

Singapore business district, 
Marina Bay, Singapore.
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trades, Singapore remains a premier business hub for the oil 
and energy industry ranging from domestic and 
international oil and petrochemical traders, to refi neries, 
suppliers, and service providers.”

In making Singapore the main hub for pricing oil products 
in Asia, Platts has given the island state a vital but often 
overlooked advantage over other ports as the region’s oil 
centre. Despite the best efforts of China, Japan, South Korea, 
Malaysia and Indonesia to establish their ports as oil pricing 
centres, international traders continue to use Singapore as 
their main reference point. This is largely due to traders’ 
confi dence that Singapore will remain an independent and 
impartial trading hub free of government intervention.

Gasoline, kerosene and diesel storage
As a start-up, JPTT said it will target “clean products” or the 
lighter fuels and products comprising gasoline, kerosene 
and diesel as Asia’s demand is strong and sustainable “for 
years to come” on account of rising affl uence, population 
growth and urbanisation.

Asia’s growing environmental awareness is also 
underpinning the region’s rising demand for clean products. 
As an example, Mr Loh cites the International Maritime 
Organization’s (IMO) decision to mandate tougher green 
standards on marine fuels. The move to drastically reduce 
sulfur content in marine bunker fuels from 3% to 0.5% 
starting 1 January 2020 will have the effect of boosting 
demand for storage and blending services in major ports 
around the world, including Singapore.

JPTT is ready for that challenge as it is able to store and 
distribute marine gasoil, said Mr Loh.

JPTT expects to complete construction of its tanks over 
two phases. Contractors Rotary Engineering and Antara Koh 
are currently working on the project’s fi rst phase of 
232 000 m3 of capacity.

Mr Loh said the terminal’s proximity to Singapore’s oil 
and petrochemicals hub on Jurong Island means customers 
will be able to quickly move products between JPTT’s 
storage tanks and nearby refi neries and chemical plants.

China
According to data provided by the International Energy 
Agency (IEA), China may have built up the world’s largest 
strategic petroleum capacity in 2017.

The IEA estimates that China added 269 million bbls of 
capacity to boost its total to a record 1049 million bbls by 
the end of last year. Going in the opposite direction, the US 
pared down its strategic petroleum reserves (SPR) to a 
12-year low of less than 680 million bbls on 
President Trump’s order to reduce inventory. 

While China always had a strong oil appetite, traders 
have noted that it has been importing crude at 3 – 4 times 
the rate of its domestic consumption growth in 
recent years. China stepped up its stockbuilding to take 
advantage of the collapse in world oil prices from late 2014. 
After averaging more than US$100/bbl between 2010 and 
2013, Brent crude prices plunged to a low of less than 
US$30/bbl in December 2014.

That has turned out to be the low point of oil’s decline 
as China’s active buying helped stabilise the market, leading 

to Brent crude’s recovery to a recent four-year high of 
nearly US$80/bbl. 

Making up for lost time
Amid the likely return of US$100 oil on worsening 
geopolitical tensions in the Middle East and Asia, Beijing is 
ramping up its oil import and stockpiling programme. By 
2020, China is likely to have expanded its offi cial storage 
capacity by 30% to 1.455 billion bbls, according to the IEA’s 
projection.

Impressive as this may seem to others, China’s 
stockpiling programme has suffered delays on account of 
“technical challenges” in the commissioning of some 
underground facilities,” said the IEA.

The Chinese government is clearly worried that last 
year’s fi ll rate of 75 000 bpd boosted offi cial stockpiles by a 
“mere” total of 75 million bbls, approximately half the rate 
achieved in 2016. 

Most of the stockpiling by state-owned fi rms occurred 
at four main sites, including three underground caverns.

China National Petroleum Corp. (CNPC) fi lled its 
Jinzhou rock cavern in Liaoning province between 2016 and 
early 2017, while China National Offshore Oil Corp. 
(CNOOC) completed stockpiling at its Huizhou rock cavern 
in Guangdong province at the end of 2017. Sinochem fi lled 
its aboveground Aoshan terminal on Zhoushan island last 
year while Sinopec expects to complete its Zhanjiang rock 
cavern stockbuild later this year.

The importance of secrecy
Possibly no one, apart from the Chinese government, has an 
accurate up-to-date, and comprehensive knowledge of the 
state of the country’s oil stockpiles.

“The pace of China’s build has been the subject of much 
speculation because of its signifi cance to global markets 
and its secretive nature,” said the IEA.

As noted in a research paper by the Federal Reserve 
Bank of San Francisco last year, the world risks 
under-estimating the size and impact of Chinese oil 
consumption growth through 2025. The paper concluded 
that oil prices could “rise dramatically” largely on account 
of understated Chinese demand growth.

China’s oil stockpiling programme has assumed strategic 
and military importance as evidenced by Beijing’s tightened 
grip on information pertaining to its oil stockpiling 
activities. Offi cial data, especially those released by the 
National Bureau of Statistics, are viewed increasingly as a 
smokescreen to mask the country’s rapidly declining energy 
self-suffi ciency. The National Bureau of Staistics (NBS) of 
China data omits “private” stockbuilds by the country’s 
army of small oil refi ners, traders and tanker owners. Even 
the size of the country’s offi cial strategic petroleum 
reserves are most likely understated.

According to IEA estimates, Beijing may have met only 
57% of its offi cial 2004 target to build 500 million bbls of 
actual stockpile in the fi rst three phases of strategic stock 
builds.

For 2018, Chinese state fi rms are expected to add a 
combined 34.5 million bbls to their terminals at Zhanjiang, 
Tianjin and Caofeidian.
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But the IEA concedes that its estimates do not include 
stockbuilds at the country’s other major terminals at Jintan, 
Yangpu, Shanshan and Huaining.

The volatile state of Sino-US ties
China’s growing disputes with the US over bilateral trade 
issues, Taiwan, North Korea and the South China Sea are also 
driving its oil stockpiling programme. Some scholars such as 
Harvard University’s Graham Allison have presented a 
scenario that the US and China are headed for military 
confl ict with each other.

“If current trade tensions between the US and China 
were to escalate, and given that the US is a growing supplier 
of crude to Chinese refi ners, it is possible that the SPR 
programme will benefi t from renewed impetus,” said the IEA.

The Trump administration’s latest decision to withdraw 
from an international agreement with Iran over Tehran’s 
nuclear energy programme is adding to the breakdown in 
Sino-China ties. China, which supports the agreement 
brokered by the previous US government under 
Barack Obama, is expected to increase its import of Iranian 
crude following Trump’s decision to re-impose trade 
sanctions on Tehran. The bulk of those increased Iranian 
crude imports will end up in some of China’s newly 
completed storage terminals.

India

Abu Dhabi and Iran
Abu Dhabi has begun storing crude oil in India with the fi rst 
delivery of a 2 million bbl cargo to an underground cavern in 
the western port of Mangalore in late May.

Two more shipments are expected for 2018 as part of an 
agreement signed in February between Abu Dhabi State Oil 
Co. (ADNOC) and the Indian Strategic Petroleum Reserves 
Ltd (ISPRL), which owns and manages the country’s 
state-owned oil terminals.

In exchange for not charging storage fees, India’s 
petroleum ministry said it will have fi rst rights to draw on 
Abu Dhabi’s stored crude during an emergency. In peace 
times, ADNOC will be free to sell the crude to India’s oil 
refi ners.

According to the agreement signed in Abu Dhabi during 
the February visit of Prime Minister Narendra Modi, ADNOC 
will store a total of 5.86 million bbls of crude at the terminal 
in western Karnataka state at its own cost.

The company will share the use of the Mangalore facility, 
which has the capacity to hold up to 1.5 million t 
(approximately 11 million bbls), with Iran. India began storing 
Iranian crude oil in 2016, shortly after the ISPRL started up 
the then-newly constructed terminal.

The petroleum ministry said India now has a total of 
5.33 million t (39 million bbls) of strategic storage capacity in 
three different locations including Mangalore. Padur in the 
western state of Kerala has the largest capacity of 
2.5 million t, while Vishakhapatnam’s terminal in the eastern 
state of Andhra Pradesh on the Bay of Bengal has the 
smallest capacity of 1.33 million t.

ADNOC shifted some of its stockpiled crude oil to India 
when it decided not to renew an expired storage contract 

with South Korea due largely to geopolitical fears related to 
North Korea. The company had an agreement to store 
6 million bbls of crude oil at Korea National Oil Corp.’s 
(KNOC) terminal in Yeosu port.

The UAE accounted for 8% of India’s 4.3 million bpd of 
crude oil imports last year.

Saudi Arabia
For the second phase of its strategic oil storage plans, India is 
hoping to secure Saudi Arabia as an investor.

A major component of the second phase will likely be 
linked to a giant integrated oil refi nery and petrochemical 
complex being proposed at Ratnagiri port in the western state 
of Maharashtra. The 1.2 million bpd refi nery will produce fuel 
and feedstocks to feed an 18 million t petrochemical plant.

In April, Saudi Aramco signed a Memorandum of 
Understanding (MoU) with Ratnagiri Refi nery and 
Petrochemicals Ltd (RRPCL) to develop the US$44 billion 
project. RRPCL is a consortium of Indian oil companies that 
includes The Indian Oil Corp. Ltd (IOCL), Bharat Petroleum 
Corp. Ltd (BPCL), and Hindustan Petroleum Corp. Ltd (HPCL).

Australia
Australia believes it is still a lucky country judging from the 
sanguine response to the latest warnings that its petroleum 
stockpiles are stuck at emergency low levels as crude prices 
surged to a four year high.

In ordering yet another review of the nation’s energy 
security, the government of Prime Minister Malcolm Turnbull 
is following its predecessors’ response to “news” that 
Australia is left with just 47 days of crude and product 
stockpiles. This represents slightly over half the 90 days of 
holding mandated by the IEA to its 29 members that includes 
Australia and the world’s leading industrialised economies.

Mr Turnbull called the review, which will only be 
completed by end-2018, a matter of “good housekeeping”. 
His Energy Minister, Josh Frydenberg, made sure to convey 
the message that Australia is not facing a fuel supply threat. 
“The assessment is the prudent and proper thing to do to 
make sure we aren't complacent. It should not be construed 
as Australia having a fuel security problem [...] The 
comprehensive assessment will look at how fuel is supplied 
and used in Australia, including our resilience to withstand 
disruptions both overseas and in Australia.”

But the Australian government is unconvinced that a global 
supply crisis is around the corner even as the country’s oil 
self-suffi ciency is hovering at a new low. Australia’s crude and 
condensate reserves have dwindled over the past decade while 
its oil refi ning capacity has shrunk amid plant closures in the 
face of intense competition from Asia and the Middle East. As 
a result, the country is increasingly reliant on imports.

In a parliament research report issued last year, the 
government reluctantly admitted that “Australia has not 
maintained a 90 day stockpile and has been in breach of its 
(IEA) obligations since March 2012”.

Mr Frydenberg defended Canberra’s continued delay on 
the issue by stating that Australia has “not experienced a 
signifi cant disruption to fuel supplies since the OPEC oil 
crises in the 1970s.” He expects Australia will eventually meet 
its emergency stockholding obligations by 2026.



The Turnbull government’s relaxed stance has been 
helped by the Parliamentary Joint Committee on Intelligence 
and Security, which recently reviewed the state of security 
of Australia’s critical infrastructure.

According to Andrew Hastie, the committee’s chair, the 
Department of Home Affairs concluded that the fuel sector 
did not face “the same risk threshold as gas, electricity, water 
and ports due to the diversity and disaggregated supply of 
liquid fuels in Australia.”

The IEA seem to have adopted an ambivalent attitude 
towards Australia’s position, and has yet to openly demand 
that Australia meets its stockholding obligation.

Others are worried
Not everyone, however, shares this relaxed stance.
Samantha Hepburn, the Energy Director 
at the Deakin Law School in Victoria 
state’s Deakin University, fears Australia 
may have left it too late “to refi ll”. In an 
essay for The Conversation, she warned 
that Australia had been left “highly 
vulnerable to international disruptions” 
as the country now depends on imports 
for the bulk of its fuel supplies.

Writing in the academic website, 
Hepburn said that Australia is 
increasingly exposed to the political 
instability in the oil-supplying Middle 
Eastern and African countries, and the 
shipping lanes of the Straits of Hormuz 
and the Strait of Malacca that are known 
targets of terrorism and piracy.

The Australian Strategic Policy 
Institute (ASPI) criticised Canberra for 
being “asleep at the wheels” in dragging 
out its declared goal of meeting the IEA’s 
stockpiling target.

“We’re an island nation heavily reliant 
on refi ned fuel imports from Southeast 
and North Asian suppliers. Much of that 
supply comes to us via shipping that 
moves through or near the increasingly 
contested South China Sea,” it said in a 
comment highlighting Australia’s growing 
vulnerability to supply disruptions.

New crude oil storage tank at 
Altona refinery
Mobil Refi ning Australia, a subsidiary of 
ExxonMobil, has announced that it will be 
building a new crude oil storage tank at its 
Altona refi nery near Melbourne to help 
meet the country’s growing demand for 
transportation fuels.

The major said work will begin in June 
with a scheduled completion by 2020 to 
signifi cantly expand the site’s oil storage 
capacity to improve the effi ciency of its 
local refi ning and supply operations. It 
declined to state the size of the new 

investment, which industry sources estimate will cost 
AUS$50 million.

“The additional crude oil storage will help optimise 
ExxonMobil Australia’s integrated oil and gas business to 
support continued supply of high-quality, locally produced 
fuel products to Victorian businesses and households,” said 
Riccardo Cavallo, Mobil’s Manager of refi ning for Australia 
and New Zealand. He revealed that ExxonMobil has 
invested more than AUS$400 million at the Altona refi nery 
and Yarraville oil terminal over the last fi ve years. The 
investments include the construction of two new fuel 
storage tanks at Yarraville, a 3 km pipeline connecting the 
terminal to the Somerton jet fuel pipeline, and the 
expansion of the 80 000 bpd Altona refi nery to 
90 000 bpd. 
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he use of satellite imagery to monitor oil tanks 
has rapidly increased in recent years, largely due 
to the increased availability of very high 
resolution (VHR) satellite images. The desire for 

real-time insights into global oil storage levels is rife in the 
oil industry as companies vie to win competitive 
advantage. Looking to the skies could give companies this 
edge as satellite-derived imagery and data analysis is 
presenting a valuable and often challenging overlay to the 
interpretation of data from more traditional and familiar 
sources. 

TTTTThhhhheeeeeeeee ppppprrrroooooccccceeeeessssssss
By using VHR satellite images, specialist data analysts are
able to quantify the storage capacities and levels of oil 
storage in tanks across the globe. The key to this process 

is the nature of the fl oating lids that top oil storage tanks. 
By precisely measuring the relative height of the fl oating 
tank lid, it is posisble to determine the exact volume of 
oil being stored in each individual tank. Taken 
cumulatively, this information provides a near real-time 
insight into global oil storage levels, and can be delivered 
at any point in the market cycle, providing oil companies, 
refi ners and traders with a valuable competitive benefi t. 
The use of historical data records allows for the 
evaluation of whether oil storage levels at specifi c sites 
have increased or decreased over time. Another 
dimension can be measuring the expansion or contraction
of oil storage sites, which can contribute an in-depth 
understanding of the health of a particular regions’ oil 
industry. The best way to understand these capabilities is 
through a case study example of China. 

Akhil Shah and Jack Allen, Geospatial Insight, UK, 
explore the use of satellite imagery to provide near 

real-time insights into global oil storage levels.
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China: an obscure market
China is the world’s largest buyer of crude oil. As a 
result, it wants to exert greater control over import 
prices. Some have suggested that this might be achieved 
through the creation of a petroyuan to rival the 
petrodollar. Amongst industry experts this is seen as a 
faraway prospect; however, with the launch of its crude 
oil futures contract at the end of March, China is 
signalling its intentions.

Oil prices have been moving up gradually from the 
low US$30 mark in 2016 to close to US$80/bbl today 
due to a variety of geopolitical causes and, with this, 
Chinese oil demand has been steadily growing according 
to official data. The growth in demand saw China 
increase its imports from non-OPEC nations throughout 
the course of 2017:

North America – imports have increased more than 
12 fold or 1200%.

 Africa – up 22%.
 Russia – up 14%.
 South America – up 13%.

However, unlike the US, where the oil demand is 
fairly easy to estimate due to the official government 
data collected on regional supply and consumption, 
official data for the Chinese market is less certain, 
containing multiple gaps. Consequently, it is an 
unreliable indicator when estimating oil demand. Since 
3Q16, China’s GDP growth has increased annually 

following six years of decline; this spurt in growth 
implies that Chinese oil would also grow in line with 
this. 

Figure 1 outlines oil data from the Joint Organisations 
Data Initiative (JODI) for China, and shows that the 
country’s crude oil production in the month of March 
has been decreasing annually since March 2015. This 
decrease coincides with an increase in imports for the 
same period, with exports amounting to significantly 
less but remaining stable. This provides an example of an 
official source of data, which will later be compared to 
data derived from satellite imagery analysis.

China provides the perfect example as to the 
unpredictability and somewhat volatile nature of the oil 
industry. The use of satellite imagery could provide a 
near real-time insight into current oil storage levels.

An insight into the data
This case study is built upon historical analysis of oil 
storage volumes at terminals in Tianjin, Caofeidian and 
Zhoushan. The data included in the section has been 
generated by Geospatial Insight using the oil storage 
tank tops methodology set out above. 

On 18 May 2014, Tianjin’s oil storage facility had a total 
of 51 tanks storing 29 011 740 bbls of oil. By 25 February 2017, 
this fi gure had risen to 91 tanks and 50 220 940 bbls of oil. 
From this information, certain deductions can be made. For 
example, Tianjin has undergone a period of expansion 
during this period which could be an indicator of an 

increase in demand for crude oil in China. This 
increase in demand can be confi rmed once the 
physical oil inside the tanks has been measured. 

The data shown for Tianjin in Figure 2 was 
created using VHR satellite imagery and derived 
from optical sensors with a spatial resolution 
of 0.8 m or less. It is this detail that enables 
precise and accurate measurements of oil 
tanks. One of the key differences between this 
information and market information is speed, 
which is made clear when contrasted against 
the JODI oil statistics. At the time of writing, in 
late May 2018, the most recent JODI figures 
were compiled in March 2018; compare this to 
the possibility of weekly or even bi-weekly 
reports derived from satellite imagery and the 
contrast between the two becomes apparent. 
The ability to actively task satellites is a critical 
advantage, as it enables control over the 
frequency of image capture. Images are 
acquired at the same time in each 
measurement period; whether that be weekly, 
bi-weekly or monthly.

Figure 3 reveals oil storage measurements 
from satellite imagery collected back in 2014. On 
4 September 2014, 40 tanks held 26 417 200 bbls 
of oil. This number rose to 48 tanks holding 
31 700 400 bbls of oil on 24 November 2014. 
During the 10 week period over which these data 
sets were collected the number of barrels stored 
rose by 5 283 440. If over this period, oil industry 

Figure 2. The increase in oil storage tanks in Tianjin alongside the 
correlated increase in number of barrels of oil.

Figure 1. Official JODI data showing China’s imports, exports and 
crude oil production in the month of March in 2015 – 2018.
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analysts and experts could have received broken down 
reports on a weekly, bi-weekly or monthly basis, then 
they could have identified any patterns, or indeed 
diversion from pattern, within the data. 

Regular reporting on tanks opens up new 
possibilities. This example only considers three sites in 
China. If this analytical approach was scaled globally it 
could combine insights from oil tanks measured from 
across the world and collate their measurements on a 
regular basis. This would enable a deeper understanding 
of global oil storage capacities, delivered on a more 
frequent basis than is currently typical.

Existing historical archives derived from the analysis 
of satellite imagery could also be used to understand how 
oil storage and the oil industry have changed over time, 
which would enhance the near real-time insights provided 
by actively tasked optical satellite sensors. All of this 
amounts to a valuable tool in an ever-unpredictable 
geopolitical world, providing vital reassurance to many 
with regular, reliable updates on the status of global or 
localised oil storage sites. 

From Figure 4 it is possible to understand more uses 
of satellite-derived data within the oil industry, this time 
considering data taken from the Zhoushan terminal. The 
key aspect of the Zhoushan data is that an increase in 
tanks from 109 on 16 October 2015 to 139 on 
27 February 2016 does not correlate with a decrease in 
the amount of crude oil being stored – decreasing from 
51 639 470 to 49 868 620 bbls. Whilst the building of new 

tanks leads to an increase in storage capacity at oil 
terminals (i.e. the total amount of crude that a terminal 
can store), it does not necessarily lead to an actual 
increase in the amount of crude being stored. Satellite 
imagery analysis enables the measurement of the 
amount of crude being stored; not just the expansion or 
contraction of sites and overall storage capacity. In this 
case, whilst the overall storage capacity had increased, it 
was observed that the actual amount of crude being 
stored had reduced by 1 770 850 bbls during the above 
period. This data would allow industry analysts to 
provide possible reasons for the reductions and make 
more accurate predictions based on the satellite-derived 
data. 

Furthermore, the satellite imagery from Yinghou 
shows that although 11 new tanks had been built, at the 
time of writing, they were not yet operational. This type 
of information can be provided ahead of the markets, 
and gives an insight into the state of the oil storage 
terminals. Also, in Dalian and Zhenhai it was noted that 
there were no recent increases in oil storage capacity or 
any new tanks currently under construction.

Conclusions
It is important to note that the data used to 
demonstrate the power of satellite-derived data analysis 
for this article is historical data, not near real-time 
information that is sensitive in nature. The rapid 
turnaround time from image acquisition to data 

production and finally data analysis is a key 
advantage of utilising satellite imagery within 
the oil industry. Geospatial data can provide 
reliable near real-time reporting in locations, 
such as China, where the official data has 
proved unreliable in the past. This is made 
possible by the increase in VHR optical satellite 
sensors that provide security and consistency 
in a market dominated by a handful of global 
players. 

Future of the oil industry and 
satellite data
As the oil industry continues to grow in places 
with unreliable reporting and opaque 
operations such as China and Africa, those that 
are involved within the industry are interested 
in understanding what is actually happening on 
the ground in specific locations that may 
directly impact their investment and trading 
decisions. The ability to monitor locations with 
ever-improving VHR satellite data and derive 
meaningful conclusions using various analytical 
techniques, enables analysts to deliver 
independent near real-time conclusions on 
supply and demand of oil in these locations. 
The pinpoint accuracy, rapid turnaround time 
and continuous monitoring capabilities of 
satellite-derived data can provide a reliable 
benchmark to be compared against delayed 
and unreliable official statistics. 

Figure 4. The number of tanks in Zhoushan alongside the number 
of barrels of oil

Figure 3. The increase of oil storage tanks in Caofiedian alongside 
the correlated increased in the number of barrels.
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A ll over the world, refi neries, chemical plants and 
terminals are making daily use of bulk storage 
tanks for the storage of liquid or liquefi ed products 
such as crude oil and LNG. The amount and value 

of the fl uids involved is staggering. In the fuel bunkering 
industry of Singapore in 2015, 45.2 million t passed through 
the bunkers in just one port alone, worth approximately 
US$14 billion. Therefore, ensuring effective measurement 
accuracy is very important.

Tank gauging and measurement
Storage tanks are commonly used to store liquids that have 
been transferred from ocean-going vessels. From there, the 
liquids may be transferred to either other vessels or pipelines 
for transportation to refi neries.

The most common types of aboveground storage tanks 
are cylindrical or spherical tanks. Cylindrical tanks are further 
classifi ed as fi xed or fl oating roof tanks. The tanks tend to be 
grouped together in tank farms. ‘Tank gauging’ is defi ned as 
the static quantity assessment of liquid products in the tank. 
Two main methods are recognised: 

 Volume-based systems: assessment based on level and 
temperature measurement.

 Mass-based systems: assessment based on the 
hydrostatic pressure of the liquid column measurement.

Tank gauging is required for the assessment of tank 
contents, tank inventory control, and tank farm management. 
Measurement of the liquid level is very important in 
determining the volume or mass and the uncertainty of each 
in the storage tank. A brief summary of the available tank 
gauging techniques gives the following list:

 Manual gauging.

 Float and tape gauges.
 Servo gauges.
 Radar gauges.
 Hydrostatic tank gauges.

Manual gauging
Manual gauging is measurement using a graduated dip tape 
or dipstick. This is still commonly used but it can be a 
challenging technique during periods of adverse weather, 
hours of darkness or when staff are using personal protective 
equipment (PPE). It has a higher uncertainty than automatic 
methods.

Float and tape gauges
Float and tape gauges use a large heavy tape with a fl oat 
connected via a cable to a balance weight. This is combined 
with a scale and pointer along the tank shell to indicate the 
level. The weighted fl oat and indicator are connected to the 
counterweight by separate cords, each cord running over a 
pair of pulleys. When the fl oat is half immersed, everything is 
balanced. Rising liquid levels lift the fl oat up, the 
counterweight moves down, and the indicator keeps pace 
with the fl oat. Falling liquid levels cause the weighted fl oat 
to pull the counterweight up. The uncertainty of this level 
indication method is in the region of 4 – 10 mm.

Servo gauges
With servo type gauges, the fl oat is replaced with small 
displacer, suspended by a fl exible measuring wire. The 
displacer is raised and lowered using an electrical servo 
motor. A weighing system continuously measures the weight 
and buoyancy of the displacer and controls the servo system. 

Alick MacGillivray, TUV SUD NEL, UK, explains why it is important to 
account for uncertainties in tank volume or mass measurement.
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Uncertainties in level using this method tend to be 
considerably lower (approximately +/- 0.7 mm).

Radar gauges
Radar gauges involve a ‘downward looking’ measurement 
system installed on a tank roof. The method uses a time of 
fl ight method to measure the depth. Radar impulses from 
antenna refl ect off the liquid surface and are received again 
by the radar system. The distance to the liquid surface is 
proportional to the travel time of the impulse. The 
uncertainty here is between +/- 0.5 mm and 10 mm.

Hydrostatic tank gauges 
Hydrostatic tank gauging (HTG) utilises up to three pressure 
sensors, as well as one or more temperature elements. With 
the use of only a single sensor, there is an additional 
requirement for manual density measurement. To enable 
automatic density calculations, a second pressure sensor is 
often included. Occasionally, a third pressure sensor is 
included to measure vapour pressure and increase the overall 
accuracy of the system.

Hybrid methods
These types of systems are often called hybrid inventory 
measurement systems (HMISs). A HMIS combines the 
modern level gauging techniques described previously with 
hydrostatic tank gauging. It utilises a radar or servo level 
gauge for accurate level measurement with a pressure 
transmitter and temperature measurement. These 
instruments provide accurate level gauging, combined with 
the best of hydrostatic gauging. 

While the methods described are used to fi nd the 
uncertainty in the depth of the fl uid in the tank, there are a 
range of other uncertainties inherent in the measurement 
process that have to be accounted for to calculate the 
overall uncertainty of the volume or mass of the fl uid being 
stored.

Uncertainty in tank measurement
Uncertainty is the degree of doubt about a measurement. 
More formally, it is a spread of values (interval) around the 
measured value within which one would expect the true 
value to lie with a given confi dence level. In the oil and gas 
industry, the confi dence level is normally 95%. So, when 

taking a measurement, the following three things are 
required:

The measurement value.
 The uncertainty interval.
 The confidence level.

Therefore, if a volume is 3.5 +/- 0.2 m3 (at 95% 
confi dence), the true value lies between 3.3 m3 and 3.7 m3, 
95% of the time. Only 5% of the time does it lie outside of 
the specifi ed interval. Uncertainty analysis has a series of 
defi ned steps. The fi rst of these is to identify the uncertainty 
sources in a measurement. Sometimes this can be quite 
diffi cult and requires comprehensive knowledge of the 
measurement being taken. The next stage is to estimate the 
magnitude of each of the identifi ed sources. This stage 
requires a combination of sound engineering judgement and 
detective work to hunt down evidence of the values. Once 
this is complete, the uncertainty values are converted to the 
same confi dence levels and units, and then combined to give 
an overall value. This is normally completed in an uncertainty 
budget table, which allows users to identify the largest 
contributors to the overall value.

Uncertainty applied to tank volume or 
mass measurement
Accounting for all of the uncertainties in tank volume or 
mass measurement is very important, especially when 
custody transfer of fl uids is taking place. So far, this article 
has focused on the uncertainty associated with liquid level 
measurement for different gauging techniques. This is a 
very important source of uncertainty. For example, a level 
uncertainty of only 1 mm or 0.01% in a 10 m tall, 100 m3

tank, equals 10 m3, which equates to a signifi cant amount of 
revenue.

There are, however, several other sources of uncertainty 
in the measurement of mass or volume that play a 
signifi cant role. These include the following:

Uncertainty in the tank volume due to deformation.
 Uncertainty caused by temperature stratification in the 

tank.
 Uncertainty inherent in the temperature gauges.
 Tank shell thermal expansion.
 The effect of the environment of liquid levels.
 Roof weight changes.

Tank capacity tables
Uncertainty due to deformation is caused primarily by the 
weight of the product against the side of the tank wall, 
which can cause the walls to bow. In addition, over a 
period of time, the capacity of the tank will drift. This 
necessitates recalibration of the vessel usually every fi ve to 
ten years. This process creates a set of tank capacity tables 
(often called strapping tables) that are used to give an 
accurate value of the volume between two levels. There 
are also uncertainties in these strapping tables that have to 
be accounted for.

Temperature stratification
To precisely measure the mass or the standard volume of 
the oil, an accurate value of the density of the fl uid must 

Figure 1. The radar gauge method of determining 
fluid depth.
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be used. The density is dependent on the temperature of 
the fl uid. In a tank, it is common for warmer fl uids (less 
dense) to rise to the top of the tank. To minimise this 
effect, mixing devices are installed in the tanks at 
different heights. However, this is still a signifi cant source 
of uncertainty in the mass or standard volume.

Shell thermal expansion
Due to the temperature of the fl uid being stored, the 
capacity of the tank may change due to thermal 
expansion. A tank with a stored product at a temperature 
of 150˚C will have a different capacity and will deform 
more than one with product at ambient temperature.

Environmental effects 
The wind blowing on the surface of the tank can cause 
temporary changes in level measurement. If the wind is 
strong enough, this can render the uncertainty in the level 
as signifi cant.

Roof weight
With fl oating roof tanks, the actual roof weight also 
changes. Every time the roof weight or position changes, 
the product level will also change, introducing an 
uncertainty.

Using the data
The abovementioned uncertainties tend to be the most 
signifi cant, and combine to give an overall value for the 
uncertainty in the volume (quoted to a 95% confi dence 
level). Typical values for liquid tank standard volume or 
mass uncertainties range from 0.2% to 0.3% (95% 
confi dence). Tank farm operators normally check the 
mass or volume of what is stored in their tanks with a 
bill of lading of what is being delivered by tanker. These 
two fi gures should normally be within 0.5% of each 
other. 

Using live uncertainty tables would make this type of 
comparison more realistic and help operators track down 
the main sources of error. Recently, mass fl ow meters 
(Coriolis type) have been introduced to measure fl uid in 
storage tanks. This method will have a different set of 
uncertainties and, due the differences in measurement 
methods, may see an increase in the number of disputes 
between interested parties in this area.

Conclusion
In conclusion, storage tanks have often been used for 
custody transfer measurement of liquids such as crude oil 
and LNG. The main sources of uncertainty tend to be in 
the level measurement methods and tank capacity tables. 
Conventional uncertainty analysis can demonstrate their 
use for high accuracy mass or standard volume 
measurement. In some areas of the industry, storage tanks 
for mass measurement are being replaced by Coriolis fl ow 
meters. This measurement technique is extremely 
accurate and different from tank storage. This will give 
rise to new uncertainties, errors and, therefore, industry 
challenges due to differences in the respective 
techniques. 
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T here can be no denying the hiatus in oil 
production that swept across many parts of the 
globe with force approximately three years ago. 
Multiple refineries and storage facilities closed 

or downsized – either as part of planned strategic 
decisions or because there was no other viable solution 
to maintain operations. 

The shutdowns, whilst numerous, were managed 
differently, on a case-by-case basis. Some assets were 
mothballed in order to safely postpone any further 
decision making, at least for the short-term. For other 
terminal owners, the priority was to move towards a safe 
but swift decommissioning project at the earliest 
possible opportunity. 

Of the dismantling and demolition works that 
commenced, some schemes, of course, reached 

completion. Others, however, were limited due to 
mounting commercial pressures, with tanks and 
terminals having now deteriorated to varying degrees as 
a result.

In the past 6 – 12 months, decommissioning 
specialists have been engaged to restart a number of 
these paused projects, particularly in central Europe. 
Although, the peak level of site closures may have 
passed, the volume of decommissioning work that is 
either recently or currently underway is still significant.

The decommissioning drivers
The hiatus arose because of basic economics. Oil prices 
fell due to both political and supply and demand 
influences. Already working on tight margins, the 
uncertainty of what the future would bring consequently 

Richard Vann, RVA Group, UK, discusses where key 
decontamination challenges lie in decommissioning projects, 

what role technology plays and what can be gained from 
the analysis of both historic and current sector assignments.
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made it difficult for many oil, gas and petrochemical 
facilities to sustain economical production, which 
became a key project driver.

Plant inefficiency is another catalyst for 
decommissioning activity. Terminals naturally start to 
reach the end of their design life and, as regulatory 
frameworks begin to dictate more frequent inspections 
and maintenance regimes at this point in their 
chronology, the scenario can soon become financially 
unmanageable. Environment, health and safety (EHS) 
considerations also rise exponentially as plant 
conditions deteriorate, which represents a corporate and 
social responsibility burden that many operators are 
unable to sustain.

Deciding on a decommissioning plan
A feature for Tanks in Terminals in 2017 drew attention 
to the fact that decommissioning should not be viewed 
merely as an extension of normal operations, or the 
reverse of construction and commissioning.1 It is an 
entirely different exercise that requires a comprehensive 
skill-set in order to undertake hazardous exercises safely 
with minimal environmental impact, and to ensure the 
most robust solution for the business during this 
potentially difficult period.

External specialists who take on such projects on a 
daily basis can provide a value-adding resource to help 
support operators with the industry’s decommissioning 
assignments. This involvement should be sought as 
early as possible, as sector- and discipline-specific 

knowledge could shape the entire direction of ‘what 
next’.

A feasibility and options study is a logical starting 
point for all involved. Often commencing with a series 
of management workshops, this exploratory process 
helps to uncover the key issues associated with a plant, 
project and site, before providing a clear view as to the 
true opportunity or liability of the works. The findings 
documented in the resulting report will then usually 
highlight a number of technical, costed conclusions and 
recommendations as to the most appropriate route map 
for the decommissioning assignment. 

Whilst in many cases opportunities are limited, it 
may be possible to dismantle some assets for resale, for 
example. This is far from a straightforward exercise, as 
the decontamination, laser scanning, match-marking, 
physical separation, preservation, precise cataloguing 
and packing of the plant is often required, so that it can 
be meticulously reassembled. 

The need for decontamination
Technical decommissioning articles commonly focus on 
the demolition phase of a project, with a great degree of 
attention focusing on the complex methodologies 
involved with safely bringing a refinery’s varied 
structures to the ground. But it is crucial to pay equal 
thought to a more imminent phase of works – 
decontamination.

Given the time that may have lapsed since a tank was 
fi rst mothballed, decommissioning teams face a signifi cant 
hurdle when it comes to completing the decontamination 
of such a partially-cleaned structure. It is almost 
inevitable that the knowledge of the site’s own personnel 
will have long been lost, which means it is diffi cult to 
establish the known state of all assets. This is often the 
initial priority. It is also highly likely that residual product 
may still be present and the longer a plant has been left, 
the greater the risk of hazardous atmospheres or a loss of 
containment. The potential for both safety and 
environmental issues to manifest is therefore high.

As is the case with many strands of business activity, 
technological advancements are fuelling new 
developments. Drone technology, for instance, is aiding 
the safe inspections of tanks and terminals, during these 
initial planning and surveying stages.

As a general rule, the greater the degree of structural 
dilapidation, the higher the level of risk associated with 
vessel entry. So, it is far safer to remotely assess the 
integrity of a terminal that has not been sufficiently 
maintained for years, via a piloted drone, than it is for 
personnel to manually inspect the asset. 

Structures can quickly become overgrown with moss 
and other foliage, for example, and the consequences 
associated with concealed holes in walkways or 
detached staircases could be catastrophic if these 
hazards remained unidentified. Drones help to 
circumnavigate this problem, by determining safe access 
points and work areas for next-step on-site operatives. 

This methodology is also relatively inexpensive; 
quick, as there is no need to erect any scaffolding or 

Figure 1. Decontamination methodologies should be 
carefully considered on disused oil storage sites and 
distribution terminals.

Figure 2. Loss of containment is a distinct possibility on 
long-closed and unmaintained sites.
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other fixed access equipment; and convenient, as it 
provides a ‘birds-eye’ picture of structures, however 
complex, without the need for excessive manpower on 
the ground. It is far better to lose a dozen drones than it 
is for a single person to sustain an injury.

If drones are flown over and/or within an even 
partially operational site, added precautions should be 
taken. Potentially explosive atmospheres must be clearly 
zoned, as it is likely that flights will only be permitted 
within predefined distances. Limitations may also be 
placed on whether the drone can fly inside a structure, 
if it could represent a possible source of ignition. To the 
extent of RVA’s knowledge, there are not currently any 
ATEX-rated drones in the market, but manufacturers will 
surely move quickly to address this gap. 

This technique does not completely negate safety 
challenges, however. Drone inspections represent just 
one aspect of a single phase in a potentially lengthy 
project. But the anticipation of these and other such 
challenges is key to being able to comprehensively 
manage them.

Decommissioning in practice
RVA has encountered a number of different 
decommissioning projects in this sector, each with its 
own feasibility study outcomes and defined course of 
action thereafter.

Total engaged RVA to specify the decommissioning 
works for three road and rail terminal distribution 
depots in the UK, 15 years ago. Health and safety plans 
were carefully drafted for all of the depots in Leeds, 
Langley and Sunderland, with the latter site 
subsequently sold to another operator. At Leeds and 
Langley, the sites were shut down and dealt with 
promptly, with the work carried out soon after and RVA 
adopting visiting roles to oversee the project.

When Murco’s refinery in Milford Haven, UK, closed 
in 2014, RVA was brought in to specify all work ahead of 
the site’s demolition. The day before the demolition was 
due to begin, the plant was sold to a company in 
Pakistan, with RVA later re-engaged to write the 
alternative dismantling specification. With this project, 

it was agreed that RVA’s involvement would cease when 
the contractor was engaged, but the piecemeal 
decommissioning, disassembly and export of the entire 
refinery is currently underway, with a reported 
completion date of autumn 2018. 

In the case of Petroplus, RVA produced a feasibility 
and options study for an 8.5 acre site in Teesside, UK – 
the output of which was then used to formulate a 
detailed specification for the refinery decommissioning 
and dismantling works. Petroplus was placed into 
administration before the project could be executed, 
but the groundwork has been done for future use.

Fast forward to the present day and two costing 
studies are currently being undertaken by RVA on 
terminals in Europe. These will act as strategic 
management tools that will enable the site owners to 
make informed decisions about the best course of 
action for their redundant sites. 

Reactive support
There are some instances where decommissioning 
activities are not pre-planned, of course. In the case of 
Buncefield, UK – when a catastrophic escape of 
petroleum caused a mass explosion that overwhelmed 
20 storage tanks in 2005 – RVA was appointed by Amec 
post-trauma, to develop the required specification of 
work.

The government authorised the use of Aqueous Film 
Forming Foam (AFFF) to extinguish the fire on the 
long-burning assets, but the foam itself added to the 
environmental impact of the disaster.

With buildings bent double, RVA therefore wrote the 
specification to deal with the safe dismantling of the 
unstable structures, as well as the cleaning regime 
required to sanitise the site of the foam, without 
disturbing the forensic evidence required to piece 
together the cause of the explosion. A reactive role was 
maintained over the 12 months that followed, as the 
distressed tanks and structures were carefully brought to 
the ground. 

A competent supply chain
It is important to note that other heavy industries – 
beyond the realms of oil, gas and petrochemical refining 
– are currently experiencing operational challenges too. 
So, as further site closures are announced globally 
– necessitating even more decommissioning projects – 
finding a competent supply chain will become 
increasingly difficult. 

However, there are a refined number of 
highly-equipped decommissioning consultants, project 
managers, decontamination specialists, demolition 
contractors and explosives experts willing to travel 
across the world to ensure these works are completed 
to the highest possible standard. All the site owner 
needs to prioritise is their involvement. 

Reference
1. VANN, R. and WALLER, M., 'Out with the old,' 

Tanks and Terminals, (Autumn 2017), pp. 69 – 72.

Figure 3. Redundant tanks ready for decommissioning.
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T he accurate measurement of hydrocarbon 
emissions at a bulk gasoline terminal is an 
important part of the environmental 
compliance programme for any fuel logistics 

company. Hydrocarbon analysers are at the centre of 
any emission monitoring system, but methane, in 
addition to not being a volatile organic compound 

(VOC) as defined by the US Environmental Protection 
Agency (EPA), can create false positive results in 
analysers commonly in use today. While some newer 
analysers offer the ability to exclude methane from 
VOC emission measurements, accurate calibration and 
verification testing of these units can present some 
interesting challenges.

Jim Stamm, Zeeco Inc., USA, explores accurate measurement 
of hydrocarbon emissions in the presence of methane.
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The Clean Air Act in the US created a number of 
industry-specifi c regulations under Title 40, Part 60 of 
the Code of Federal Regulations (40CFR60). These 
regulations are referred to as New Source Performance 
Standards (NSPS) and affect a number of industries 
ranging from refi neries to landfi lls. Subpart XX specifi cally 
addresses the performance and emissions from bulk 
gasoline terminals. The regulations in Subpart XX dictate 
how vapour processing systems must demonstrate initial 
compliance with the subpart’s emission standards.

Monitoring emissions
There are other parts of the NSPS regulations that describe 
how terminals must monitor performance and show 
compliance once the initial tests are fi nished. At the crux 
of any NSPS compliance system is the continuous 
monitoring system, often referred to as a continuous 
emission monitoring system (CEMS). It is the job of the 
CEMS to accurately measure emissions from an emission 
source and to then create a permanent record. If the 
facility is in compliance, the CEMS will show that emissions 
were at or below the emission standard for a particular site.

Owners and operators of a CEMS at the terminal level 
must be familiar with the requirements of the CEMS, as 
delineated in the NSPS regulations, in order to properly 
manage the compliance of their facility. The applicable 
requirements can be found in these sections of the NSPS:

Performance Specification 8 (Appendix B).
 Quality Assurance Procedures (Appendix F).
 Analytical Test Methods (Appendix A).
 General Provisions (40CFR60.13).

The CEMS will normally consist of several 
components including the analyser, data logger, and 
ancillary piping and valves. At the heart of the CEMS is 
an analyser that measures emissions from the vapour 
processing system. At a bulk fuel terminal, the analyser 
must use one of several approved detection principles 
such as fl ame ionisation (FI), photoionisation (PI) or 
nondispersive infrared spectrophotometry (NDIR). 
Though all technologies can work in certain applications, 
NDIR is often the technology of choice in the vast 
majority of bulk fuel terminals.

NDIR offers several benefi ts including the following:
Operates well in industrial environments.

 Low power consumption.
 Not adversely affected by weather.
 Does not require supplemental gases such as hydrogen.

NDIR technology operates under the principle that 
gases containing a specifi c chemical, or group of 
chemicals, will adsorb a proportion of light based on the 
concentration of that chemical present. Using this 
premise, the NDIR analyser may be set and calibrated to 
accurately measure the concentration of a chemical on a 
real-time basis. Though NDIR may be used in a number of 
applications, it is particularly well-suited to measure the 
alkanes (straight chain hydrocarbons) that are normally 
found in gasoline vapours.

NDIR analysers have been used in a CEMS at bulk fuel 
terminals for a number of years and have been proven to 
be a reliable means of monitoring emissions. The NDIR 
analyser will effectively follow EPA test method 25B 
through measuring emissions by shining infrared light of 
a specific wavelength through a sample of vapour or gas 
and then measuring the amount of light absorbed. The 
higher the concentration of the target compound, the 
more light will be absorbed. Under this method, the 
analyser may be calibrated to either propane or butane 
as a standard. Though either gas is allowed under the 
method, most facilities use propane. Upon selecting a 
calibration gas type, all emissions are measured and 
expressed as an equivalent of the calibration gas 
(e.g. when calibrated to propane, emissions are 
expressed as an equivalent of propane). Using a CEMS 
equipped with a NDIR analyser, terminals have been able 
to monitor and document compliance for a number of 
years.

The NSPS regulations not only specify the 
appropriate monitoring devices but also defi ne the 
necessary programmes to ensure that the CEMS and their 
monitors are operating correctly. Two signifi cant quality 
measurements are:

Daily span or drift checks.
 Relative accuracy testing.

Daily span checks involve introducing gases of known 
value to the NDIR analyser and ensuring that it meets 
certain requirements for accurately identifying the gas. 
Drift check requirements are presented and discussed in 
Appendix F of the NSPS regulations.

Relative accuracy testing is more involved and 
consists of measuring emissions from the vapour 
processing system using both a CEMS and a second 
reference analyser proven to meet its own quality 
measures. The relative accuracy test is also referred to as 
an audit and is often called a Relative Accuracy Test 

Audit (RATA). The RATA 
will occur during 
normal operations at 
the terminal and 
requires that both the 
CEMS and reference 
analyser collect data at 
the same time. The 
data from both 
analysers are then 
compared to determine 
if the data from the 

Figure 1. Propane (blue) vs methane (red) infrared absorption, showing area of 
overlapping measurements.



two analysers is statistically the same. The actual 
calculations are presented in 40CFR60 Appendix F.

Methane
One signifi cant change that has recently impacted the 
performance of RATA tests is the presence of methane 
(CH4) in gasoline vapours formed at bulk loading 
terminals. Methane is a single carbon organic compound 
that the EPA has chosen not to classify as a VOC in 
environmental regulations. Methane is not created or 
otherwise generated in the process of loading or 
transporting gasoline or other fuels. The emission of 
methane from a terminal is not an issue in and of itself. 
However, the presence of methane does create issues 
with the accurate measurement of VOCs by a CEMS. 
Neither FID nor NDIR analysers have the ability to 
differentiate between methane and other VOCs such as 
propane or butane. In particular, standard NDIR analysers 
have previously struggled in this situation due to the 
overlap in the wavelength of light used to analyse the 
methane vs propane. 

Propane is measured using a 3.3 μm infrared light 
source. Methane is measured using a 3.2 – 3.5 μm infrared 
light source (Figure 1). The small overlap in the 
absorbance properties of the two chemicals causes 
methane to be ‘seen’ as propane in multicomponent 
streams. In Zeeco’s experience working with different 
NDIR analysers in testing and in the fi eld, 
approximately 7 – 10% of methane present in a gas 
stream will be incorrectly measured as propane. This 

discrepancy is important because an emission stream 
containing 10% methane would show an additional 
0.7 – 1% of emissions (expressed as propane) from a 
vapour processing unit. A typical vapour processing unit 
operating at or below 10 mg/l will have an emission limit 
of 0.75% (as propane). The addition of 0.7 – 1% of 
emission would cause a unit that is actually operating 
within compliance to post emission data that reads as 
above the emission limit for the unit. In addition to the 
real time compliance implications, the additional 
emissions will cause the CEMS to fail a RATA test also. 

The Zeeco testing group has encountered real life 
examples of these scenarios. For instance, a larger fuel 
terminal operating on the east coast of the US failed its 
relative accuracy test due the presence of methane 
(sometimes as high as 10 – 15%). Another terminal in the 
western portion of the US began experiencing multiple 
shutdowns of its loading system due to similar 
concentrations of methane that began appearing at the 
fuel terminal. Both terminals were faced with the diffi cult 
task of accurately measuring emissions while excluding 
the methane present at their terminal.

Exclusion analysers
Until recently, methane could only be separated from a 
multicomponent vapour stream using a gas 
chromatograph (using EPA Method 18). Now, new 
technologies exist in NDIR analysers, meaning some 
analysers are now able to consistently and accurately 
exclude methane present in emissions from a vapour 
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processing stream. These methane exclusion analysers 
allow terminals to accurately measure non-methane 
VOCs on a real time basis.

Methane exclusion analysers are normally set up to 
measure both total hydrocarbons and methane. The 
analyser will then use a method of separating the 
methane component from the total hydrocarbon 
measurement, resulting in an accurate measurement of 
non-methane hydrocarbons. At least one analyser 
manufacturer has invested significant time and effort to 
demonstrate to the EPA that the technology works well 
and will meet the quality objectives that the agency has 
for analysers used in a CEMS.

Lessons learnt
The experienced testing group at Zeeco has had the 
opportunity to work with methane exclusion analysers 
on a bench level as well as at 50 active fuel terminals in 

the US. The company has also used the same 
technology in a testing grade analyser to complete 
performance tests at many of the same terminals. 
Completing these projects, the company’s vapour 
service professionals have learned several important 
lessons that apply to the use of methane exclusion 
analysers at any terminal.

First, it is imperative that each channel of the 
analyser is calibrated with the appropriate mixture of 
target analyte in nitrogen. The non-methane 
hydrocarbon or total hydrocarbon channel would be 
calibrated and tested with the appropriate mixtures of 
propane (or butane) in nitrogen. The methane channel 
would then be calibrated and tested with appropriate 
mixtures of methane in nitrogen. Though this might 
seem intuitive, the Zeeco team has seen a number of 
situations where a bottle containing a mixture of 
propane and methane was used as calibration gas. The 
mixed bottle does serve an important purpose in that it 
demonstrates that the separation mechanism of the 
analyser is working correctly. However, calibration of 
the total hydrocarbon channel using a bottle of mixed 
gases (propane and methane) will duplicate the same 
error as in ‘real life’. The total hydrocarbon channel of 
the analyser will read 7 – 10% of the methane as 
propane, and that error will cause it to calibrate higher 
than the actual value of propane in the gas.

Second, after calibration is complete, use of a 
mixture of propane and methane will document that 
the analyser is accurately seeing both methane and 
propane in a multicomponent situation and within 
acceptable tolerances. Regulatory agencies often ask to 
see a demonstration of the correct and accurate 
separation of methane and non-methane hydrocarbons. 
It is also reasonable to use a mixture of propane and 
methane in nitrogen to complete daily drift checks as 
discussed in 40CFR 60 Performance Specification (PS) 8 
and Appendix F. As previously stated, use of the mixed 
gases is not recommended for calibration due to 
possible introduction of error into the total 
hydrocarbon channel.

Finally, it is important to use a methane exclusion 
style analyser for either performance testing or RATA 
testing at a facility using methane exclusion as part of 
its CEMS. The intent of the relative accuracy test is to 
compare results from the CEMS to results from a 
similar analyser. PS 8 states that the reference method 
test must be completed in a way that will produce 
results that are representative of the emissions from 
the source and which can then be correlated to CEMS 
data. Zeeco’s interpretation of this statement is that a 
like-in-kind analyser should be used for testing a 
particular system.

Conclusion
The presence of methane can create difficulties in how 
a terminal demonstrates compliance with the site’s air 
permit. Understanding the regulatory requirements, 
analyser technologies, and best practices will make 
compliance at the terminal an achievable goal. 

Figure 2. Zeeco technician checking a bulk fuel trailer 
for leaks during field testing.

Figure 3. Mobile test laboratory equipped for RATA 
testing in the presence of methane.
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R ecovery of hydrocarbon vapours and compliance with 
environmental and safety regulations that are set by 
environmental authorities are key factors for refi neries, 
petrochemical plants, tank storage, LNG terminals, and 

other facilities.
The storage of hydrocarbon products, as well as their 

transfer to carriers and vice versa, is often associated with the 
formation of vapours, whose composition is a mixture of 
atmospheric air and volatile organic compounds (VOCs).

To comply with environmental regulations, the vapours 
need to be treated in a vapour recovery unit (VRU) and, for the 
most stringent regulations, in a further oxidisation stage, which 
is commonly conducted through the use of vapour combustion 
units (VCUs) and thermal oxidisers.

Vapour combustion units/thermal 
oxidisers
The VCUs/thermal oxidisers are based upon a thermal 
oxidation process, occurring at 850 – 1000°C, with a minimum 
of 1 sec. residence time, that might need support gas (fuel gas) 
to start-up and maintain the desired operating condition.

The emission levels associated with a VCU are infl uenced by 
the need to ensure proper destruction of VOCs (and carbon 
monoxide) at high temperatures, which is confl icting with a 
corresponding formation of nitrogen oxides (NOX).

Although low NOX strategies can be adopted, the minimum 
achievable NOX emissions for a VCU are still in the range of 
150 – 250 mg/Nm3. To reduce the NOX further, catalytic 
oxidisers represent an effective measure. As well as having 

Michele I. Nazzaro, Aereon Europe, Italy, outlines the benefits of premixed surface 
combustion technologies during tank loading, unloading and degassing.
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higher investment costs, catalytic oxidation allows diminished NOX
emissions to be reached, including limited fuel gas consumption.

Nevertheless, the installation of catalytic oxidisers needs to be 
carefully evaluated when catalyst poisoning compounds are 
present in the vapours or when dust/powder containing streams 
might increase the chances of high maintenance frequency and 
related costs.

The need for innovation
Future legislation on air emission regulations will be oriented to 
increasingly stringent requirements, which the aforementioned 
technologies may not be able to satisfy. Premixed surface 
combustion technologies are key innovations for reaching ultra-low 
emissions in a combustion unit, without waiving any advantages of 
a traditional thermal oxidation process. 

These surface combustion technologies offer the following 
benefi ts:

Very low installation costs.
 Very low maintenance cost.
 Simple installation and replacement.
 A compact design.

Literature
The formation of thermal NOX is modelled by the Zeldovich 
mechanism1 as follows:

N2 + O = NO + N
N + O2 = NO + O
N + OH = NO + H

The ‘rate-limiting’ step is represented by the fi rst reaction, 
whose reaction rate towards products increases exponentially with 

temperature (Arrhenius’ equation) if oxygen and nitrogen are in 
excess. Thus, thermal NOX originate rapidly and broadly in fl ames at 
high temperatures and excess air. On the other hand, a method for 
NOX abatement based on low temperature fl ames would collide 
with signifi cant carbon monoxide (CO) and high VOC emissions, 
and in general would jeopardise the overall destruction effi ciency.

CO is a reaction intermediate in the oxidation of hydrocarbons 
and can be entirely oxidised to carbon dioxide (CO2) in a fi ne-tuned 
combustion system operating at a minimum of 850°C. Similarly, at 
low fl ame temperatures, VOCs may result in poor oxidation or 
generate hydrocarbon species as intermediate products of 
combustion.

Premixed surface fuel-lean combustion can help to achieve 
ultra-low emissions on all compounds.

Fuel-lean premixing is a widely-known approach for low-NOX
combustion that has been applied to gas turbines for decades. For 
such systems, combustion air to gas ratio (lambda) is set-up in a way 
in which combustion occurs in high excess air compared to 
stoichiometry. Figure 1 provides a representation of a typical trend 
of NOX and CO gaseous emissions in a fl ame.

Designed to provide fl ame stability against fl ame oscillations, 
blow-off or fl ashbacks (with varying gas fl ow rate and 
composition), a fully premixed burner generally consists of a fl ame 
holder/stabiliser with a porous radiant surface that can include 
reticulated ceramics or metal alloy materials. These materials are 
able to ensure a homogeneous heat transfer profi le and low fl ame 
temperatures, which are desirable for low NOX emissions.

The porous surface ensures high velocity to the mixture as it 
passes through multiple small holes, making fl ame propagation 
throughout the mixture upstream of the burner (fl ashback) nearly 
impossible.

The primary advantage of premixed surface combustion 
technology when applied to burn VOC-loaded waste 
gases/vapours from terminals is the very high VOC destruction 
effi ciencies (99.99%) associated with ultra-low NOX emissions. 
Vapours are premixed with combustion air, including fuel gas (as 
support gas), and run through a premixing distributor/mixing 
chamber where inner mixing of combustible and oxidising 
compounds is settled. The mixture is ultimately pushed through a 
permeable patented knitted metal surface, above which 
homogeneous combustion occurs in the form of thousands of 
small fl ames over the entire surface of the burner.

Enhancements in proprietary technologies for fl ame 
stabilisation, burner design and control allow emission levels of 
3% vol. oxygen to be attained, as follows (emissions based on 
methane as reference gas):

NOX ≤15 ppmv; 0.018 lbs/million Btu (31.7 mg/Nm3).
 CO ≤10 ppmv; 0.01 lbs/million Btu (12.5 mg/Nm3).
 CxHy ≤10 ppmv; 0.005 lbs/million Btu (7.06 mg/Nm3).
 The destruction removal efficiency (DRE) of VOCs is up to 

99.99% over full operating range.

Normal conditions refer to 273.15 Kelvin and 1.01 bar.
The combination of ultra-low NOX and VOC/CO emissions 

sets the Certifi ed Ultra-Low Emission Burner (CEB®) premixed 
surface technology as an excellent technology for attaining 
ultra-low emissions in vapour treatment (Figure 2).

Within the downstream oil and gas industry, this burner can be 
used to help control emissions in vent gas fl ares; reactors, dryers 
and other process vents; tank loading; and tank or pipeline 
degassing.

Figure 1. Typical trends of NOX and CO emssions in a 
flame.

Figure 2. A set of four Aereon CEB®1200 units.
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Case studies
In 2014, four Aereon CEB®1200 units were installed at a loading 
terminal in Oregon, US, replacing an enclosed combustor. The 
existing unit, designed to handle 3860 Nm3/hr of vapours from 
crude loading, could not conform with local regulations as the 
fl ue gas emissions were considerably beyond the statutory ones. 
Conversely, the emissions of the new system were far below, with 
typical measured values (from the latest source test in 2017) as 
follows:

 NOX emissions: 2 ppm.
 CO emissions: 1.6 ppm. 
 VOC emissions: 0.37 ppm.

Moreover, in 2015, three of the same units were installed at a 
tank terminal in Texas, US, replacing an enclosed combustor for 
multiple gasoline tanks. The existing unit, designed to handle 
approximately 3000 Nm3/hr of vapours from gasoline tanks, was 
characterised by emissions appreciably out of regulations. As with 
the previous case study, the emissions of the new system were 
largely exceeding the minimum statutory requirements, with 
typical measured values (from the latest source test in 2016) as 
follows:

 NOX emissions: 2.12 ppm.
 CO emissions: 0.1 ppm. 
 VOC emissions: 0.1 ppm.

In September 2017, one CEB®350 unit was rented and installed, 
replacing a thermal oxidiser during a planned shutdown for 
maintenance of a cracking plant in Porto Marghera, Italy. The unit 
was used for almost 60 days to oxidise a waste gaseous stream 

(600 Nm3/hr) containing up to 1% vol. of hydrocarbons in nitrogen 
and, in some other cases, a 100% vol. methane gaseous stream. To 
comply with European regulations, a third-party company was 
engaged to measure gaseous emissions through manual sampling 
and to conduct further detailed analysis in a specialised laboratory, 
complying with UNI CEI EN ISO/IEC 17025:2005, on weekly basis.

During the rental job, all results were regularly communicated 
to the Città Metropolitana di Venezia and the local authority for 
emission regulations and control (ARPAV).

The typical emissions that the rental system achieved are as 
follows: 

 NOX emissions: <1 ppm.
 CO emissions: 10 ppm.
 VOC emissions: 0.7 ppm.

Conclusions
Premixed surface technologies allow ultra-low emissions for 
thermal oxidising applications in refi neries, petrochemical plants, 
tank storage, LNG terminals, and other facilities, to be reached.

Compliance with stringent emission regulations is settled with 
low investment cost (CAPEX), low operational costs (OPEX) and 
low maintenance. Ultra-low emissions mean that no further fl ue 
gas treatment/cleaning is required. This makes the premixed 
surface technology eligible to be recognised as a best available 
technique in thermal oxidation when applied to vapour treatment 
and emission control. 
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C ompanies operating high hazard facilities such as 
fuel storage terminals have a responsibility to 
identify process safety hazards, implement robust 
risk control, and ensure that barriers are maintained 

throughout the facility’s lifecycle. There is a need for 
periodic reviews on existing facilities to identify weaknesses 
in risk control barriers and make recommendations for 
improvements to demonstrate continuous improvement. 
However, design stage risk assessments, including hazard and 
operability (HAZOP) studies, only address the fi rst step in 
this process. 

Good practice requires reviews every fi ve years, driven by 
global regulations and a recognition of the extent of change 
and new learning on a facility over this timescale. Many 
companies operating in the oil and gas sector use 

retrospective HAZOP studies, requiring a ‘line-by-line’ 
assessment of the process using deviation guidewords. 
HAZOP studies are therefore time-consuming and present a 
major resourcing challenge for busy operations-based staff.

The Process Hazard Review (PHR) methodology provides 
an alternative approach, using a higher level 
‘system-by-system’ approach with hazardous event 
guidewords. PHR is more effi cient and typically four to fi ve 
times faster than HAZOP on a medium to large facility. Whilst 
PHR offers benefi ts in terms of resource requirements, some 
companies have continued to use HAZOP studies due to 
corporate requirements, meeting perceived regulator 
demands, or the need for an in-depth study where there have 
been serious process safety incidents or there are defi ciencies 
in the process design.

Graeme Ellis, ABB, UK, outlines 
an alternative approach for 
retrospective hazard reviews 
of fuel storage terminals.
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This article describes a smarter approach for companies 
needing to carry out retrospective hazard reviews on existing 
fuel storage terminals, which combines the HAZOP and PHR 
approaches in a fl exible and effi cient manner, optimising the 
time required whilst still identifying the key areas of concern 
on the terminal.

Why are retrospective HAZOPs 
needed?
There is a need to periodically review and update the process 
hazard analysis (PHA) during the operational stage of a facility 
to ensure that key barriers are working effectively, to take 
account of new information that has been gained on the 
process, and to ensure continuous improvement in reducing 
risks. These reviews need to take account of changes including:

 Creeping change caused by many small modifications.
 Loss of experienced staff.
 Ageing or obsolete equipment.
 New understanding of hazards from inside or outside the 

company.

Figure 1 shows how failure to learn the lessons and carry 
out improvements can ultimately lead to a serious process 
safety event where these weaknesses have not been 
addressed.

For example, in the UK, retrospective hazard reviews are 
routinely carried out during the preparation of COMAH Safety 
Reports, in order to identify all major accident hazards (MAHs) 
and the associated risk control barriers. From this, a 
representative set of MAH scenarios are selected that 
demonstrate the range of hazard types on the facility and 
illustrate the range of risk control barriers that have been 
implemented.

Differences between HAZOP and PHR
The objective of HAZOP studies is to ensure that the process 
design as shown on piping and instrument diagrams (P&IDs) is 
fi t for purpose and meets the applicable standards. The 
process is split into nodes as individual lines on the P&ID 
(continuous processes) or steps in the operating sequence 
(batch processes), and a series of guidewords such as ‘no fl ow’ 
or ‘high pressure’ are used to identify the causes of any 
signifi cant deviations from the design intent.

The PHR methodology was developed by ICI Ltd in the 
early 1990s for the periodic review of existing facilities to 
address the following diffi culties experienced during trials 
using HAZOP studies:

 Excess time required involving busy operations staff.
 Excess number of actions with many related to 

operational issues.
 Failure to identify the bigger picture related to process 

safety events.
 Difficulties applying HAZOP with out-of-date P&IDs.

PHR splits the process into larger nodes than with HAZOP 
at the system level and uses guidewords directly related to 
hazardous events such as loss of containment or release of 
energy, such as ‘internal explosion’ or ‘puncture’. The 
differences between the HAZOP and PHR approaches are 
shown in Figure 2.

Why use PHR?
The choice of HAZOP or PHR often depends on meeting 
regulatory requirements, corporate preferences or previous 
practices on the site. Below are a number of factors that 
should be considered before embarking on a retrospective 
hazard review programme, providing a justifi cation for the 
choice of HAZOP or PHR.

Company standards/regulator requirements
In some companies, there is a corporate requirement for either 
HAZOP or a PHR approach written into corporate standards, in 
which case the stated method is mandatory. Regulators have 
directed companies towards HAZOP based on their 
preferences or perceived compliance with the US-PSM 
standard, which explicitly mentions HAZOP.

Recent process safety incidents/no or poor 
design stage HAZOP
The higher-level approach for PHR works well if there are no 

serious defi ciencies in the basic process design. The 
structured and thorough approach offered by HAZOP may 
be required if there have been serious process safety 
incidents, or where there are concerns about the basic 
process design due to lack of design stage HAZOP or 
evidence of poor quality in this HAZOP.

Complexity of the process
PHR at system level works effectively for relatively simple 
processes, such as storage systems and continuous 
processes. The more thorough approach to identifying 
initiating causes offered by HAZOP may be appropriate with 
more complex processes, such as batch reactors with 
multiple steps or at HP/LP interfaces on oil and gas facilities.

Figure 1. The need for retrospective hazard reviews.

Figure 2. Focus for HAZOP and PHR.
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Availability of operations-based staff
Retrospective hazard reviews place great demand on busy 
operations-based staff. Input from knowledgeable plant-based 
staff is key to success, whether using PHR or HAZOP. For some 
companies, use of the more time-effi cient PHR method is the 
only viable option, given limited staff availability. There are 
examples where reviews using HAZOP have not been 
completed due to the excess time required.

Quality of design data
At many operating plants, the accuracy of P&IDs is poor, 
especially those beyond 10 years old, where many 
modifi cations have been carried out. The nature of HAZOP 
using a structured line-by-line approach based on the P&IDs 
can lead to problems on existing facilities where the P&IDs are 
out-of-date. PHR provides increased fl exibility with the higher 
system level approach, and allows progress on risk reduction 
without the need to wait for P&ID updates to be carried out. 

Need for quick results 
The increased time for HAZOP can result in delays between the 
start of the study, the results being fi nalised and improvement 
actions being taken. Based on ABB’s experience, an offshore 
platform may take a total of six to nine months to complete, 
compared with one to two months for a PHR of the same 
facility. Some companies with concerns about current 
performance may be looking for quicker identifi cation of 
improvement actions in order to reduce risks as offered by PHR. 

Availability of skilled facilitators
PHR is a more demanding technique for the leader, requiring 
hazardous events at a system level to be identifi ed using a 
‘helicopter view’ of the process, with the experience of 
knowing when to dive deeper into specifi c issues. By 
comparison, HAZOP provides a more structured approach for 
less experienced leaders, and thus this may be the preferred 
route if such internal resources are to be used.

Limited number of actions/focus on major 
accidents
The additional time required for HAZOP often results in a 
proportionate increase in the number of actions or 
recommendations raised, which can present challenges for the 
company in effectively closing out with an adequate 
justifi cation. Experience has shown that the PHR approach 
with greater focus on MAHs generally results in less 
recommendations focused on high risk issues.

Case study
In recent years, retrospective reviews on two fuel storage sites 
have been carried out, one using PHR (site A) and one using 
HAZOP (site B), with the latter driven by corporate 
requirements to use HAZOP. The sites were similar in many 
aspects. They were both in the UK and COMAH ‘lower tier’, 
receiving a range of fuels including gasoline, diesel, kerosene 
and gas oil, imported from ship or rail close to the site, and 
loading road tankers for export. 

Table 1 shares a comparison of the results of the studies. In 
this case, PHR took approximately 50% less time than the 
HAZOP, despite the latter being focused on MAHs and 
reviewing most systems by difference. On larger facilities, the 
differences between the time for PHR and HAZOP are 
generally greater, given the start-up time for most studies 
being a day or so. Most of the other metrics from the review, 
such as number of MAHs identifi ed and recommendations 
raised, are very similar.

Using PHR and HAZOP flexibly
The decision on whether to use HAZOP or PHR for a 
retrospective review is normally applied to the complete 
facility, including all the process systems and related utility 
systems. Current recording tools allow a fl exible approach, 
where both HAZOP and PHR approaches can be used for a 
single facility, with node sizes chosen appropriately and the 
choice of guidewords for each node varied between those for 
HAZOP (deviation based) or PHR (hazardous event based).

When both HAZOP and PHR approaches are being used 
on a facility, a decision is made on a system-by-system basis. 
The following are typical factors that should be taken into 
account:

Simple systems use the PHR approach, such as raw 
material storage, simple continuous process units 
(e.g. distillation unit), and utility systems.

 Complex systems use the HAZOP approach, such as batch 
reactor with multiple steps and complex continuous 
process units.

 The HAZOP approach is used where significant incidents 
or near misses have occurred, or where there are concerns 
about the adequacy of the basic process design.

Conclusions
When planning retrospective hazard reviews, a key decision is 
required on the use of either a HAZOP or PHR approach. This 
can have a major impact on the time required, with PHR being 
typically four to fi ve times faster than HAZOP. A key factor in 
the choice of method is that PHR requires more experienced 
leaders to ensure that hazardous events are identifi ed 
effectively. Meanwhile, HAZOP is preferred where there are 
concerns about the basic design of the process or quality of 
the previous review.

Well-designed recording software allows a fl exible 
approach, with both PHR (system level) and HAZOP (line/step 
level) used on a single facility. This allows the effi ciency of the 
overall process to be optimised, with PHR used to make faster 
progress where possible, and the more detailed HAZOP used 
where required to provide greater thoroughness. Ultimately, 
the decision on approach can have a major impact on the 
resources required and likelihood that the review can achieve 
the required reduction in process safety risks. 

Table 1. Site comparison results for 
retrospective reviews

Site A Site B

Type of site Fuel storage Fuel storage

Method and number of nodes 
used

PHR using 
four nodes

HAZOP using 
six nodes

Team days required 2 4

P&IDs reviewed 4 4 (of total 19 
for site)

Scenarios identified (MAHs) 54 (44) 41 (33)

Recommendations/observations 27/0 22/8
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A ccording to statistics published by the 
US Environmental Protection Agency (EPA), there 
are hundreds of tank spills involving hazardous 
materials every day. 

These spills may affect drinking water and, if exposed to 
an ignition source, there is the potential for an explosion.

The cost of such incidents is measured in thousands, 
millions, or even billions of dollars, and can affect a 
company’s survival.

While there are other possible causes of tank spills – 
including leaks, tank ruptures from corrosion, incorrect 
couplings or tank openings being left open – overfi lling is 
the most prominent problem.

Tank overfi ll is defi ned as the point where the product 
inside a tank rises above the critical level and risks causing a 
detrimental impact. This can include product overfl ow or 
tank damage. Fortunately, overfi lls are predictable and 
therefore preventable.

Historical data from the bulk liquid storage industry shows 
that one overfi ll occurs for every 3300 fi lling operations. So, 
for a group of 100 tanks where each tank is fi lled three times 
per month, the rate of overfi ll is once a year.

The consequences of a tank overfi ll can include the 
following:

Risk to life and health.
 Environmental pollution.
 Property damage.
 Impact on corporate social responsibility.
 Public relations damage.
 Damage to the entire industry (reputation, regulations, 

fines).
 Legal consequences (including imprisonment).

The benefi ts of investing in robust overfi ll prevention go 
beyond fulfi lling regulatory requirements and minimising risk. 
It also helps to increase profi ts through improved plant 
effi ciency and reduced labour costs.

An overfi ll prevention system (OPS) provides a better 
understanding of what is in the tank, which means operators 
will be able to conduct faster transfers and utilise the tank 
more effectively.

Historically, overfi ll prevention has been synonymous 
with equipment known as the OPS. These assets have been 
installed to fulfi l incomplete prescriptive regulatory 
requirements. However, safety has often taken a back seat to 
operational key performance indicators, with safety 
procedures becoming ineffective or, in some cases, 
disregarded. While overfi lls are typically attributed to 

Shawn Statham and Marco Ferrara, Emerson Automation Solutions, explain how 
triple offset valves provide an effective solution to preventing liquid tank overfilling.
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malfunctioning equipment, the core of the issue is often 
more complex and involves human behavior. An overfi ll 
management system (OMS) that can remove some of the 
manpower involved in OPSs is critical to modern overfi ll 
prevention.

An automated overfi ll prevention system (AOPS), as 
defi ned in API 2350, is designed to prevent petroleum tank 
overfi ll and is the fi rst globally recognised overfi ll prevention 
standard for the bulk liquid storage industry.

Per API 2350, Category 3 tanks require an additional layer 
of protection in the form of a safety instrumented system 
(SIS).

Automated systems for overfill safety
Modern overfi ll prevention is based on the understanding 
that a multitude of elements contribute to minimising the 
risk of overfi ll, not just the equipment denoted as the OPS.

The globally-accepted industry standards for SIS are 
IEC 61511 and IEC 61508. These standards provide guidelines 
to determine what layers of protection are suffi cient to 
safeguard the process and bulk liquid industries, based on 
completely or partially electronic programmable 
components. 

The layers of protection start with the basic process 
control system, move to a safety layer, and then go on to 
passive protection and emergency response layers (e.g. a 
secondary containment system and the fi re brigade).

There are two basic OPS types for the safety layer: 
manual (MOPS) and automated (AOPS). A MOPS is 
dependent upon human actions. It usually consists of a level 
sensor that notifi es an operator through an audio-visual 
alarm.

AOPS is a safety instrumented function (SIF) that 
commonly consists of a notifi cation to operators through 
both audio-visual and screen alerts, followed by automatic 
action to protect plant assets, such as stopping pumps.

Modern overfi ll prevention prefers AOPS in conformance 
with IEC 61511 rather than MOPS because:

Humans are inherently unreliable, so the risk reduction 
factor of MOPS is limited.

 An AOPS can significantly shorten response times 
compared to a MOPS.

 A MOPS requires personnel in the field in potentially 
unsafe working conditions.

 An AOPS reduces workload for operators.

End users can enhance their safety systems by installing 
an AOPS, allowing customers to maintain required safety 
integrity levels (SIL) while reducing overfi ll risks. 

A SIS typically includes a logic solver, sensors, and an 
automated emergency isolation valve as the fi nal element, 
with each component contributing to the average 
probability of failure on demand (PFDavg).

A complete solution for AOPS
Studies by the Offshore and Onshore Reliability Data 
(OREDA) project reveal PFDavg contributions of 8% from the 
logic solver, 42% from sensors, and 50% from the fi nal 
element. Based on this study, it is possible to determine that 
a signifi cant portion of system reliability depends upon the 
fi nal element. 

The fi nal element, however, faces several challenges as it 
typically sits static in an open position exposed to the 
process media, which, depending upon seat design, can lead 
to stiction and potential valve failure. Valve torque must be 
assessed over the lifecycle of the application to ensure 
actuators are sized correctly. Actuators must also be 
designed to sit static for long periods of time. The brackets 
and couplings should be designed and manufactured to 
withstand the extreme forces while maintaining perfect 
alignment of drive train components to prevent premature 
failure of the valve and the actuator. 

IEC 61508 and 61511 do not address integration of the 
fi nal element. Combining components into a complete 
package is typically left to best practices. With multiple 
brands and manufacturers involved, operators tend to see a 
wide array of solutions with little standardisation. Operators 
report reduced reliability, resulting in a high rate of systemic 
failures and spurious trips. These failures often reduce safety, 
drain plant resources, and increase operating expenditure.

Working with an original equipment manufacturer (OEM) 
single solution provider is benefi cial to operators as it 
provides a single point of accountability for the fi nal 
element in an AOPS system. It also ensures maximum 
component compatibility, delivering greater reliability 
throughout the safety lifecycle.

A comprehensive, intelligent solution for the fi nal 
element will include a valve, actuator, and intelligent 
controls.

Utilising a digital valve controller allows for continuous 
condition monitoring, partial stroke testing, and 
comprehensive diagnostics to ensure the health of the fi nal 
element. 

By ensuring that each component is optimised for safety, 
and with the particular advantages inherent in using triple 
offset valves (TOVs), a single-supplier solution can deliver a 
system that provides even greater safety levels than the sum 
of its parts.

Manufacturer support is critical throughout the safety 
lifecycle. Ideally, an OEM will have expertise to assist with 
development of the safety requirement specifi cations (SRS), 
SIL verifi cation, diagnostic coverage, proof testing, site 
acceptance testing, commissioning, condition monitoring, 
and end of life planning.

Figure 1. Based on the OREDA study, it is possible 
to determine that a significant portion of system 
reliability depends upon the final element. 



To ensure maximum reliability and availability, fi nal 
elements should be engineered and designed to meet the 
required SIL. Designing a reliable fi nal element begins with 
selecting the best valve for the application. There are several 
key benefi ts in using TOVs instead of traditional process 
valves. Firstly, with an accurate valve, material and actuator 
selection, systematic failure can be signifi cantly minimised.

Secondly, the asymmetric trim design of the TOV 
delivers different valve behaviour, depending on the 
direction of the differential pressure. In the preferred sealing 
direction of the valve, the pressure keeps the valve closed, 
allowing safer functioning in emergency shutdowns. In the 
opposite direction, where the pressure facilitates opening 
the valve, TOVs improve safety when the function is to 
provide emergency open, including 
blowdown/vent operations.

TOVs: an optimised ESD 
valve
Using traditional emergency 
shutdown (ESD) valves – such as 
gate, plug, and ball – typically 
requires a large automation package. 
In addition, these valves sit static for 
extended periods of time, becoming 
vulnerable to stiction, with sealing 
surfaces continually in contact with 
the media. 

Failure to stroke fully and provide 
bubble-tight shutoff defeats the 
purpose of installing the ESD valve 
and is a major concern for end users.

These issues, combined with 
more stringent health, safety and 
environmental requirements, mean 
that tank farm operators are 
increasingly selecting TOVs for liquid 
hydrocarbon storage tank protective 
services.

Originally used as fi re-safe 
shutoff valves for hydrocarbon 
storage tanks, TOVs have brought 
value to facilities as they can 
maintain a leak-proof seal under 
anticipated fi re exposure. When 
integrated into a system where other 
components also offer enhanced 
safety, TOVs can provide a highly 
effective solution.

Easy to operate, TOVs are often 
used for the isolation of matrix 
manifolds and pump areas instead of 
ball and plug valves. They can also be 
used as general shut-off/on-off 
valves to provide the fl ow logic by 
selecting one fl ow path against 
another, and to connect external 
equipment to the system.

The popularity of TOVs in tank 
farm safety systems has increased 

because of their high reliability. Technical developments 
– including non-rubbing, metal-to-metal TOVs, which 
ensure a long mean time between failures (MTBF) – have 
also helped to reduce lifetime costs of the valve.

TOVs feature optimised seating angles that signifi cantly 
reduce the risk of jamming compared to traditional gate 
isolation valves. In addition, their absence of body cavities 
avoids the risk of leakage and reduced operability, and 
minimises medium contamination.

Automated TOVs can achieve SIL 3 according to 
IEC 61508, and are increasingly used to handle functions 
within emergency systems. They can be selected as 
emergency valves on storage tank inlets and outlets, 
providing rapid isolation of the vessel in response to an 
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emergency signal. TOVs can also be used as emergency 
valves on storage tank overfl ow lines, acting as an ESD on 
the overfl ow line. This prevents the discharge of excessive 
product, preventing an overfi ll event. When used as an 
‘emergency open’ process function, these valves recirculate 
the extra product, fulfi lling a key safety function.

The utilisation of TOVs in storage tank safety systems 
has been driven by the basic design principles applied to 
emergency valves, and the resulting inherent advantages.

Advantages of an asymmetric design
When assessing the SIL rating for a valve, two critical items 
are the failure rate of the valve to deliver full stroke, and 
the failure rate of the valve to deliver tight shutoff. 

Quarter-turn, non-rubbing, torque seated, metal-to-metal 
TOVs are designed to achieve SIL 3 with a low probability 
of failure.

Like a globe valve, TOVs use a sealing system made up 
of a stationary seat and rotating sealing surface, sharing an 
identical conic section shape. They also provide closing 
with no rubbing, due to a single, instantaneous contact 
between sealing elements only when closed position is 
reached.

Unlike globe valves, TOVs utilise a rotational 
movement, relying on the cones with an inclined apex to 
achieve shut-off. This makes a TOV a quarter-turn valve. 

TOVs are also bidirectional and capable of a full 
shut-off, achieved through three offsets:

 The shaft is placed behind the plane of the sealing 
surface.

 The shaft is placed to one side of the pipe/valve 
centreline.

 The seat and seal cone centrelines are inclined with 
respect to the pipe/valve centreline.

The asymmetric design of the valve means that, 
depending on the fl ow direction – shaft side or disc side 
– the valve will tend to close or open. So, when the 
differential pressure acts on the shaft side, it generates a 
torque that keeps the valve closed. When the differential 
pressure acts on the disc side, the valve will tend to 
open.

This asymmetric design provides a safer valve 
installation for fail-open/fail-close protective functions. 
Since they do not have any soft components in their 
construction, metal-to-metal valves are also fi resafe.

Conclusion
Effective AOPS solutions are optimised to reduce 
systematic failures and spurious trips, while ensuring the 
availability and reliability of critical automated shutdown 
valves. Special attention must be paid when selecting each 
individual component to ensure the custom solution being 
built will meet the user’s specifi c safety and reliability 
standards. Working with a single OEM for component 
selection, manufacturing, assembly, testing, and installation 
will help ensure the technologies work together in 
harmony upon delivery. 

Figure 2. The popularity of TOVs in tank farm 
safety systems has increased because of their high 
reliability.

Figure 3. The asymmetry of valves triggers different behaviour depending on installation direction.
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S afety conscious petrochemical fl uid handling 
operators routinely seek new approaches to ensure 
safe transfer of hazardous liquids. This includes 
implementing standard procedures and functional 

testing protocols, preventative maintenance for equipment, 
as well as employee training. By leveraging innovative tools 
and technologies, terminals can prevent spills, reduce lost 
time work accidents and add more effi cient means to 
collect, transmit and electronically store tank trailer loading 
and vapour recovery data. By linking overfi ll prevention 
equipment to terminal automation systems (TAS), operators 
gain effective control of loading processes, enhance 
employee safety and reduce the probability of overfi ll 
incidents.

In general, two types of overfi ll threats can occur. A 
‘near miss’ happens when an electronic overfi ll prevention 
sensor in the tank detects product and forces a product 
loading shutdown but is contained in the tank. It is commonly 
called a ‘dome-out’. These occurrences were not previously 
required to be reported by oil companies or local authorities, 
but in many situations now mandate investigational reporting, 
complete terminal shutdowns, driver/carrier penalties and 
other costly administrative losses. 

The second type of incident is more severe; an actual 
‘overfi ll’. Although infrequent, hazardous spills do occur and 
can be devastating in terms of employee harm, 
environmental damage, cleanup costs, regulatory penalties, 
and loss of business at the facility. Beyond balance sheet 

Katrina Ohl, Scully Systems, USA, explains how terminal operators can use 
truck-to-terminal technology to improve safety and reduce liabilities.

Image courtesy of Greenergy International Ltd.
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calculated consequences, public relations implications could 
be substantial. 

Simply defi ned, an overfi ll is when a tank is fi lled to a 
level beyond the determined limit. An actual spill occurs 
when either an emergency shutdown of product fl ow does 
not occur or the valves do not close in time to prevent 
product from landing on the ground. As with any accident or 
dangerous situation, an overfi ll is often a result of a  
combination of factors, including human error, improper 
training, equipment failure, communication errors, incorrect 
procedures, or a combination of any of these factors. 

Common causes of overfills 
Some common causes of overfi lls include the following:

The driver entering the incorrect quantity at the preset.
 The driver being unaware of retained product in the 

compartment.

Figure 1. 'Dome-outs' occur when the hazardous liquid 
product fills beyond the pre-set level and hits the overfill 
prevention sensor, causing emergency shutdown of the 
loading process.

Figure 2. A safe loading condition is achieved when the 
preset level is reached, and the load is completed before it 
reaches an emergency level.

Figure 3. An emergency overfill condition occurs when the 
product breaches the compartment.  

 The loading arm is attached to the wrong 
compartment.

 The meter is set incorrectly or failed.
 Terminal system equipment failure.
 Tank trailer overfill sensor failure.
 Software glitches.
 Failures of emergency shutdown valves.

John Sherman of Tidewater Terminal Co. and 
Brian Miller of Marathon Petroleum Corp. cooperated to 
compile data from one terminal and presented the fi ndings 
at the 2017 ILTA Conference in Houston, Texas, US.1 Their 
analysis indicated that 90% of the incidents included driver 
error and of these 60% were incorrect meter presets, 26% 
were due to retained product in a tank, and 14% were due 
to connecting the wrong loading arm to a tank 
compartment. Another sub-category that was identifi ed 
was sensors set at the wrong height to allow for 
appropriate shutdown times. Approximately 10% of the 
incidents could be attributed to loading rack equipment 
failure, which included valve or meter component failures, 
or software programming errors. 

Many people do not realise how critical it is to set the 
overfi ll prevention sensor in each tank trailer compartment 
at the correct height. An inch can make the difference 
between an overfi ll and a spill. The correct height can be 
accomplished by identifying the exact dimensions of each 
tank compartment and the maximum fl ow rate at the 
terminals where the vehicle loads. According to API 
Recommended Practice 1004 5.3.1.1.1, the maximum fl ow 
rate for bottom loading racks typically ranges from 
600 gal./min. to 900 gal./min.2 It is equally important to 
verify this height each time an overfi ll prevention sensor is 
replaced or any change is made to the tank compartments. 
An overfi ll prevention tester and, in some regions, an 
annual wet-test, can verify that overfi ll prevention sensors 
are functioning properly. 

For the loading rack equipment, pre-set meters, valves, 
and overfi ll prevention control units, appropriate 
preventative maintenance procedures should be established 
and documented according to a defi ned schedule. A simple 
protocol would be to use a rack tester to verify all loading 
position overfi ll and ground functionally on a regular basis. 
Visual inspections of conduit/wiring, cables, control box 
seals, alarm systems and indicator lights are also common 
procedures to be adhered to. 

Scully offers oil and chemical companies solutions to 
prevent overfi lls, eliminate spills and ensure the safe, 
effi cient transfer of hazardous liquids transported in tank 
vehicles and stored in aboveground tanks. The company 
works closely with operators and terminal managers, as 
well as transportation companies, to detect any possible 
cause of an overfi ll and design appropriate equipment that 
will prevent it. One approach is determining the root 
causes of overfi lls and designing intelligent technologies 
that not only detect dangerous loading conditions, but 
also automatically and continuously check their operation 
to detect any internal faults and shut down the loading 
operation should there be any potential for failure in the 
overfi ll control system circuitry or wiring. 



Terminal automation systems 
The advent of TAS, integrated communication and control 
systems has improved safety at terminals and allowed 
overfi ll prevention and static grounding safety controls to 
communicate data directly to the terminal control room. 
This provides a new level of safety oversight for terminal 
managers and improves service to the fl eets loading their 
vehicles. Some of the overfi ll prevention data that can be 
transmitted from Scully Overfi ll Prevention and Ground 
Proving Control Units include truck present and overfi ll 
prevention sensor status, including wet sensors, and ground 
verifi cation status together with a date and stamp to 
determine the exact timing of each event. This provides 
terminals with the information needed to respond to 
potential issues before they become spills.  

Integrating static ground proving and overfi ll prevention 
control systems with a TAS makes a big difference to 
terminal managers. They can see the exact ground and 
overfi ll status at each truck loading position. When the 
driver cannot load and the light is red, the manager no 
longer has to send someone out in harsh weather or poor 
visibility conditions.

Vehicle identification
A key advancement in overfi ll prevention communications 
technology is vehicle identifi cation. This allows oil and 
chemical companies to upgrade their safety operations by 
identifying each individual tank vehicle and recording 
critical operational and safety data in the TAS to prevent 
the loading of unauthorised vehicles. This is accomplished 

by upgrading the overfi ll rack control monitor to 
incorporate vehicle identifi cation capabilities and adding an 
inexpensive truck ID module to each tank trailer that loads 
at the facility. This ID module transmits the vehicle ID 
through the existing vehicle overfi ll prevention system to 
the Scully Intellitrol VIP Control Unit at the loading bay. The 
overfi ll control unit then transmits the data to the TAS via 
Modbus. The TAS can store whatever vital safety and 
operational data is required by the terminal. This can 
include the number and size of vehicle compartments, 
inspection and vapour tightness testing dates, billing, or any 
other required data, and the technology is constantly 
improving. Being able to verify the size of each vehicle 
compartment and the safe fi ll level will help terminals 
reduce overfi lls.

The vehicle ID system can offer a number of benefi ts. 
For example, in the past, Motiva Enterprises was concerned 
with drivers inputting different trailers when its trailers’ 
annual US Department of Transportation (DOT) cargo tank 
inspection expired. Now, each trailer has its own Truck ID 
module. The system reads the ID automatically so the 
company can identify each trailer and operator error is 
eliminated. 

Guidance
With relation to driver and terminal procedures and training, 
the study completed by Sherman and Miller in 2001 is still 
one of the most comprehensive lists of recommendations 
on how to decrease tank trailer loading incidents.1 For safety 
improvements with regard to overfi ll prevention control 
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equipment, below is a list of steps that Scully suggests terminal 
operators can take to ensure maximum spill protection:

 Ensure all overfill prevention control units at every loading 
bay are integrated with the TAS. This allows the terminal 
to remotely verify and monitor all loading bay conditions 
and immediately respond to any unsafe conditions. It also 
allows for in-depth data analysis for incident prevention.

 Require carriers to specify self-checking sensors and 
overfill equipment that is approved for use in hazardous 
environments and is compatible with the loading rack 
overfill prevention control unit.

 Require carriers to regularly check the health of overfill 
sensors and wiring of trucks with a truck tester. This will 
ensure safe loading, save time at the loading bay, and 
prevent wasted trips to the terminal for the fleet. 

 Require carriers provide annual verification of the height 
that the truck sensors have been set at and the size of 
each compartment on their vehicles. 

 Add vehicle identification proving capabilities to the 
overfill prevention control system and ensure that all trucks 
loading at the facility are outfitted with an intrinsically safe 
approved truck ID module. This will allow the terminal to 
lock out any unauthorised vehicles and verify the size of 
the vehicle compartments before loading can begin. 

 Consider suggesting fleets outfit their vehicles with 
retained product sensors or monitors to require visual 
reminders to drivers of retained product. This would 
reduce the dangers of mixing products and overfills.

 Complete audit and preventative maintenance checks of 
all overfill control units at terminal sites to ensure that 
they have been properly installed and maintained. Rack 
testers can be helpful in quickly identifying any installation 
or operational faults.

 Replace older overfill prevention controls that are at 
end-of-life (generally 15 – 20 years) and do not offer 
remote or local diagnostics. 

 Check valves to make sure they are working correctly and 
are able to shut down quickly enough to respond to a wet 
high level sensor. 

Conclusion
As oil and chemical companies focus on reducing overfi ll 
incidents, and improving effi ciency, it is essential that terminal 
operators ensure the correct equipment is selected; proper 
maintenance is performed, and the appropriate regular 
inspection and testing is completed. Taking advantage of the 
latest safety control equipment reduces the chance of human 
error and provides real-time, accurate and actionable data to 
centralised terminal control systems and personnel. It is not 
enough to determine that a potential overfi ll was averted. The 
data must be used to identify the root cause and to correct 
failures in procedures and equipment to prevent future 
incidents. The benefi ts are numerous, including simplifi ed 
loading and reporting procedures, reduced waiting times, 
improved throughput of each loading bay, and most 
importantly increased safety. 
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Figure 4. The latest overfill prevention technology, 
such as Scully’s Intellitrol2, can communicate with 
terminal automation systems (TAS) for increased 
safety.

Figure 5. One cable and plug (blue with black 
plug) from the control unit to the tank trailer socket 
provides connection and communications for overfill 
prevention, static ground proving and vehicle 
identification.



T here are certain universal 
challenges facing the tanks and 
terminals industry year-round for 
keeping assets protected and 

lowering energy costs. Additionally, unique 
surface protection issues occur throughout 
the year due to variances in the seasons. In 
the summer, the evaporation of fuels and 
chemicals can impact profits, and in the 
winter, keeping ice from forming on critical 
components, keeping melting ice from being 
a safety hazard, and keeping oil heated and 
flowing, can increase costs. 

Ongoing concerns for tank and terminal 
operators include:

 Preventing corrosion and corrosion 
under insulation (CUI).

 Keeping product at the optimum flow 
temperature.

 Finding insulation that stands up to salt 
spray and adverse conditions.

 Preventing ice damage of components.
 Preventing personnel safety accidents 

from falling icicles or slipping.
 Finding insulation to keep products from 

heating to an evaporation point.

Francesca Crolley, Synavax Inc., USA, introduces 
thermal insulation coatings as a way of protecting tank 

and terminal assets in all seasonal conditions.
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While there may be a plethora of products on the 
market to meet each individual challenge, there are 
not many that can combat more than one. In order to 
streamline operations and combat several 
climate-related issues at once, operators should look 
to state-of-the-art technologies, such as 
nanotechnology-based coatings that are designed to 
be weather-proof in all seasonal conditions and offer 
several benefits in a single system.

This article will give an overview of the 
sustainable solutions available for each 
climate-related problem during the typical season of 
occurrence. Highlights regarding the advances that 
new technologies offer, such as ease of use and 
increased longevity, will also be reviewed.

Spring weather challenges
Spring is typically a time with more rainfall and 
temperatures that swing from cold to warm. Typical 
challenges for operators in spring include corrosion 
and CUI, as well as temperature cycling.

Corrosion and CUI are top priorities in the oil, gas 
and petrochemical industries, regardless of the 
season. Asset integrity of pipelines, tanks and vessels 
is of paramount importance, and often several 
solutions are employed to combat this problem.

The key issue with older types of insulation, such as 
mineral wool or fibreglass, is that they cause corrosion 
by trapping moisture between the insulation and metal 
surface. One of the long-used solutions for CUI has 
been fusion-bonded epoxies (FBEs). However, this 
technology does have its limitations.

While the FBEs will protect the surface for a 
certain period of time, they do not insulate. 
Therefore, the insulation is still needed as an 
additional solution for temperature control. Once the 
fibrous insulation is infiltrated by moisture, it is no 
longer effective and the constant moisture exposure 
can degrade the underlying FBEs.

State-of-the-art nanotechnology-based thermal 
insulation coatings (TICs) were designed to insulate 
and prevent corrosion in one product, thus only one 
solution is needed to solve two or more issues. While 
TIC technology is not completely new (it has been on 
the market for over a decade), it is considered ‘new’ in 
comparison to 20th Century materials. TICs are also 
often environmentally-friendly in composition and 
are water-based.

How effective is a water-based TIC at 
preventing corrosion?
Just as degrees of performance with everyday 
corrosion inhibitors will vary, varying degrees of 
thermal protection and performance are achieved 
with a TIC as they are not all engineered with the 
same technology. Some are based on ceramic 
microspheres and others are engineered with a 
patented and proprietary technology that is also 
hydrophobic. This patented type of thermal insulation 
technology has compared well to the expected 
performance of fibrous materials when those fibrous 
insulations are first installed (see the Winter season 
case study in the ‘Winter weather challenges’ section 
of this article).

This technology offers both pigmented and clear 
coatings, giving the option to see the surface through 
the TIC for visual inspections without the need for 
removal or viewports.

Third-party cyclical salt-spray corrosion testing on 
the clear version of this TIC produced the following 
results:1

 GM9540P: 24 cycles passed with no rust and no 
loss of adhesion (eight cycles is the passing level 
for this standard).

 British Petroleum Standard BC/BP/JC issue 1: 
resistance to CUI, the coating passed the 100 day 

Figure 2. Clear TICs can dry more opaque over 
surfaces at or above 76°C (171°F). Here, the bottom 
area of the tank was hotter than the top due to the 
product fill level. 

Figure 1. Thermal insulation coating being applied to 
a storage tank.
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cyclical salt spray test with no rust, no flaking and 
no loss of adhesion. Additionally, the product 
maintained insulating performance when subject 
to artificial seawater spray.

Third-party testing on the pigmented version of 
this TIC product produced the following results: 

ASTM B117: 750 hrs passed with no corrosion and 
no loss of adhesion.

 Temperature cycling from hot to cold and back 
again can cause issues with thermal contraction 
stress and components like valves or fittings 
becoming loose. Carbon steel expands 
approximately 0.75 in. per 100 ft for every 100˚F 
temperature change. Stainless steel expands 
approximately 1.125 in. per 100 ft for every 100˚F 
temperature change.

On some piping, expansion loops or offsets are 
used to give a pipeline more ‘give and take’, but this is 
not always an optimum solution. This is another area 
where TICs that are flexible enough to handle 
expansion and contraction can assist in reducing the 
effects of thermal stress by reducing surface 
temperature extremes. 

Summer weather challenges
Summer brings soaring temperatures and while this 
may not be as challenging for products that are 
compatible with being stored at warmer temperatures, 
it can be the worst season for products that need to 
be stored at cool temperatures. Typical summer 
challenges include heat gain/evaporation and 
condensation.

Heat gain causing evaporation is costly, meaning 
that petrochemical storage becomes complicated 
during the summer. According to an IOP Science 
report, approximately 50% of operational losses in 
the chemical and petroleum industry are due to 
evaporative losses.2

Thermal insulation is key to keeping cool products 
from heating up to their evaporation limit. While 
there are many choices for this, TICs are one of the 
most durable.

Case study
A petrochemical facility in the Middle East needed to 
significantly reduce evaporation of methanol inside 
storage tanks set in a hot environment. The company 
found a solution with a TIC.

During the warmest months, the ambient 
temperature in the region was as high as 55˚C (131˚F). 
When the methanol reached temperatures in excess 
of 33˚C (91˚F), it began to evaporate.

Traditional fibrous insulation with cladding was 
not suitable due to the high humidity in the region. 
The company also wanted to prevent corrosion of the 
tanks, which was caused by the mineral wool. Three 
coats of the TIC solution were applied on the exterior 
of the tanks (approximately 300 μm wet film 
thickness). The coating provided the petrochemical 
facility with an effective thin film solution that was 
highly durable and performed perfectly in the 
demanding environment. It stopped the evaporation 
of the methanol and offered long-term corrosion 
prevention. 

Condensation of chilled tanks and lines for LNG 
and other cold products can often get worse in the 
summer, when dew point differentials are higher. 
Condensation can cause safety issues when water 
drips on walkways or electronics. It can also 
exacerbate corrosion. TICs can be effective up to a 
point for controlling condensation as they can 
typically prevent corrosion if the surface temperature 
is within approximately 18˚F (10˚C) of the dew point 
temperature.

For temperatures that are much further below the 
dew point, a hygrotherm device can be used. These 
are heating systems with temperature and humidity 
controls that turn on heat in the event of high relative 
humidity and/or low ambient air temperatures. 

Winter weather challenges
Winter temperatures have their own set of unique 
challenges for both keeping product heated to avoid 
flow issues and combating ice formation on 

Figure 3. Older types of insulation cause CUI, which 
newer insulation coating technologies were designed 
to eliminate.

Figure 4. Exhaust pipes at a municipal water 
treatment facility were coated with a heavy duty TIC 
by Synavax to save energy and reduce the heat that 
they were radiating into the building.
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equipment and platform structures. Typical 
challenges faced in winter include ice formation and 
heat loss. 

Ice formation on aboveground lines, tanks, and 
offshore structures represents a significant personnel 
safety issue. Ice can make walkways and railings more 
dangerous to use and create slip and fall hazards. 
Icicles that form on overhead tanks and structures 
can fall, damaging gauges, vehicles, or other 
equipment. Icephobic coatings are a solution to this 
issue.

Icephobic coatings are intrinsically hydrophobic 
(water repelling) so they discourage ice and icicle 
formation on surfaces. Certain patented thermal 
insulation coatings are icephobic, so users get the 
benefit of both insulation and reduction of ice 
formation. 

Heat loss from fuel oil storage tanks, especially 
those subject to offshore conditions, is another 
concern during the winter that typically results in 
higher energy costs from heating products to avoid 
delivery issues. Employing wrap insulations with 
aluminium covering on them is time-consuming, 
expensive and causes the aforementioned issue with 
CUI. It is also a short-term solution.

This is another area where TICs can be used. They 
can be spray applied to the exterior of the tank and 
no covering is needed, and they are built to endure 
the harsh salt-spray environment.

Case study
China’s state-owned oil and gas company, Sinopec, 
was reviewing new technologies for the dual 
problems of keeping its offshore fuel oil tanks 
insulated and corrosion free. The company 
performed a successful study from October 2012 to 
March 2013 with a TIC by SynavaxTM for insulation 

and corrosion control. It had previously been 
insulating the tank, which was on an offshore 
platform in the East China Sea, with 8 cm mineral 
wool covered by aluminium cladding. The tank had 
to be kept between 68˚C and 72˚C (154˚F and 162˚F).

A 12-coat application of the TIC, approximately 
1200 μm applied wet film thickness (0.12 cm), was 
used. The company found that the new technology 
was just as effective as the 8 cm mineral wool 
(within a tested 3˚C), and it stopped the CUI 
problem.

Autumn weather challenges
Autumn is generally the mildest season with less 
severe climate related issues. 

Maintenance and improvements for sustainability 
and other requirements do not always have to wait 
for scheduled plant shutdowns. While some 
maintenance may need to be carried out while 
equipment is out-of-service, activities such as 
spraying on a thermal insulation coating for 
insulation and corrosion control can be done while 
equipment is in operation.

Some clear TICs will dry more opaque when 
sprayed onto a surface of approximately 76˚C (171˚F) 
and above. Therefore, to keep the surface visibility, 
its temperature should be lower during application. 
After application, the temperature can be raised to 
as high as 204˚C (400˚F).

Since there is less precipitation in autumn, this is 
also a great time for exterior painting projects, 
whether coating tanks for corrosion prevention or 
railings to stop ice formation. 

Conclusion
While state-of-the-art technology cannot yet 
control the weather, it has come a long way towards 
providing solutions to help combat its effects on 
equipment and infrastructure. Oil and gas and 
petrochemical facilities can benefit greatly and 
reduce costs by seeking out and employing new 
solutions for problems such as CUI, ice formation, 
and heat loss or gain.

Many of these ‘new’ technologies now have 
decades of successful field service behind them, 
reducing the risk to a company that wants to replace 
a 20th Century solution with a 21st Century one that 
can offer them multiple benefits.

No matter which season, there is an innovative 
solution to help combat the impact of increasingly 
unpredictable weather and climate conditions and 
keep products and assets protected and costs under 
control. 
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Figure 5. State-of-the-art TICs can provide excellent 
corrosion prevention with water-based, low VOC 
formulations. 

54Autumn 2018



Autumn 2018555

S torage tanks suffer from sulfate bacteria 
corrosion due to the nature of the products 
stored. With biofuel content increasing, so does 
corrosion. One solution to prevent corrosion 

from becoming a major problem and causing 
environmental pollution through a breach in the storage 
tank is to install a tank liner.

Tank operators generally opt for either a single skin 
coating or a double skin lining system with leak detection 
monitoring. The double skin provides two levels of 
protection and ensures that the original tank steel is 
contained within a vacuum so that it cannot corrode. 

Some lining systems use solvent-free epoxy coatings. 
This is a popular route for single skin linings. It is also 
possible to install a double skin lining system that uses 
solvent-free coatings throughout, alongside 

non-hazardous materials, as evidenced by the following 
case study. 

Pitting corrosion
One of the most common forms of corrosion found in 
storage tanks is pitting corrosion, which is also one of 
the most serious.

Pitting corrosion is a localised form of metal 
deterioration that displays as small holes or pits on the 
surface of the steel, causing a loss of thickness to the 
metal. If left, it will eventually cause a breach, leaking 
product into the surrounding environment. It is difficult 
to detect prior to blasting but is a serious problem that 
leads to storage tank failures.

Pits of various shapes and sizes can be found when 
sulfate bacteria corrosion is present. These could be 

Paul Glister, Abfad Ltd, UK, explains how installing a solvent-free double skin tank 
lining system can help to combat corrosion in downstream storage tanks.
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narrow and deep, shallow and wide, and they can 
undercut into the metal and develop sideways 
underneath the surface of the steel.

Why solvent-free?
A solvent-free coating contains no, or very little, 
solvents or volatile organic compounds (VOCs). VOCs 
are harmful to the environment’s atmosphere and to 
applicators. The vapours that these solvent-based 
coatings produce can pose a fire risk and explosion 

hazard so they need to be stored and handled with 
care. 

The solvents can pose a risk to human health so full 
breathing apparatus and other personal protective 
equipment (PPE) must be worn at all times when 
working with these types of coatings. The odours these 
solvents emit is also a cause for concern when working 
in a confined space such as a storage tank.

Solvent-free coatings are friendlier to the 
environment and to the people working with them. 
They can prevent corrison as they fully encapsulate the 
steel with a substantial protective layer, reducing the 
risk of tank failure and environmental pollution. They 
also offer protection against a variety of petroleum 
products and other chemicals.

Solvent-free epoxy coatings have a high solid 
content because of the lack of solvent. This means that 
they come in a solid form that needs to be heated to 
make them liquid before use. The epoxy coating is 
supplied as two-parts that need to be mixed before use. 
The base makes up one part with the other part being 
an activator that starts the polymerisation of the resin. 
Once these two components are heated to the 
nominated temperature, they can be mixed to the 
correct ratios and sprayed through a computer-operated 
plural component paint spray machine. 

Two-part epoxy systems also cure at low 
temperatures. The curing process starts as soon as the 
two parts are mixed. A heated plural component spray 
machine is often the best option for spraying these 
types of solvent-free coating systems. 

The plural component spray machine has separate 
paint lines for the base and activator, which then blends 
together in one paint line through a manifold, as the 
two parts are mixed in one paint line it is then spray 
applied. This machine ensures that the paint is heated, 
mixed, sprayed, and remains on-ratio throughout the 
spraying period being computer-operated, and shuts 
down if the coating goes off ratio, providing confidence 
to clients that product has been applied to 
specification on every project.

Other than the health and environmental benefits 
already stated, there are other advantages to using 
solvent-free coatings for lining storage tanks. When 
coating a storage tank with a solvent-free high solid 
epoxy resin, a greater level of thickness can be 
achieved per application cycle. For this reason, these 
are typically one coat systems. Being able to apply the 
coating in a single application to achieve the required 
film thickness is a huge time saver and provides the 
best opportunity for long-term storage tank protection 
for operators.

Inspection of the applied coating does not require 
any special fume extraction, which means spark testing, 
or other inspection methods, can commence as normal 
the day after application.

With the correct preparation, solvent-free epoxies 
have effective adhesion to the steel and dry to form a 
hard tile-like finish. This gives the storage tank a 
‘second skin’ that is resistant to sulfate reducing 

Figure 1. Non-hazardous double skin materials 
installed in storage tank.

Figure 2. Solvent-free coating on double skin 
materials in an underground storage tank.



bacteria corrosion, extending the service life of the tank. In fact, 
solvent-free epoxies meet all the performance criteria of traditional solvent 
based coatings, but in a more environmentally friendly way with the added 
benefit of long-term protection for steel and concrete.

Case study: double skin installation
A site in Liverpool, UK, containing seven underground tanks storing diesel, 
unleaded petrol and super unleaded, wanted to install a solvent-free double 
skin lining system to all of its tanks on site. All of the tanks were 
constructed from mild steel and several contained split domes. The site 
itself was also undergoing refurbishment, with new chambers and pipework 
being installed, but the most important aspect was the installation of the 
double skin and the future protection against environmental pollution that 
it would provide.

Blasting and inspection
Once initial site set-up was completed and plant sited, the tanks were 
cleaned and degassed. Thorough checks were completed to ensure the tanks 
were safe with zero lower explosive limit (LEL) readings, ensuring a 
combustible gas-free working atmosphere.

Once the storage tanks were gas-free, grit blasting to SA2.5 standard took 
place. The entire internal surface of the tank was blasted with copper slag to 
remove any corrosion present and create a profile to the steel. A minimum 
profile of 75 μm is needed to ensure good adhesion of the solvent-free 
coatings used in the lining system.

After the steel was blasted, all of the expended grit and debris was 
removed. With the grit removed and the steel blasted, it was then possible 
to inspect the walls of the tank for corrosion damage. A close visual 
inspection was carried out and random wall thickness tests are performed 
using an ultrasonic thickness (UT) gauge. This is important as it gives an 
indication of the extent of the corrosion, how much thickness is left and 
whether sufficient thickness remains to enable refurbishment.

The tank steel was found to be in a satisfactory condition, although some 
bacteria corrosion pitting was found on the bottom section of the tanks.

Applying the single skin
The striker plates were removed from each of the storage tanks to ensure that 
no corrosion was present underneath as corrosion here could become a leak 
path if left unprotected. Striker or wear plates are installed in most tanks as 
standard, normally below a tank hatch where the filling tube and gauges are 
located to help absorb the impact caused by fuel level markers being inserted 
or dropped into the tank. 

Once the internal steel of the tank was visually inspected, steel thickness 
readings were taken to determine level of steel remaining. If steel thickness is 
acceptable, the first solvent-free coating layer is sprayed, which creates a 
single skin on the steel, protecting it. 

The solvent-free coating used was specifically designed for protection 
against crude oil, including vehicle fuels. The coating stabilises the clean 
blasted internal surface and provides chemical protection. The single skin 
solvent-free coating was applied before the double skin liner was installed to 
ensure complete protection of the steel in the case of a breach; preventing 
fuel from polluting the environment. The solvent-free single skin coating is 
normally applied at approximately 500 – 1000 μm nominal thickness, 
depending on the severity of corrosion removed.

Creating an interstice
Double skin materials were installed once the single skin coating was sprayed 
and inspected. Double skin materials are used to create an interstice around 
the complete surface area of the storage tank. Other layers of the double skin 
lining materials sealed in the interstice and added strength to the double 
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skin liner. To meet the European Double Skin Lining 
Standard specification, the interstice needs to be 
around the whole tank.

Through the interstitial space, a vacuum was pulled. 
The vacuum pressure within the interstice allows for 
internal monitoring of the storage tank. The interstitial 
space needed to be created from a material that 
maintains an open flow of air or liquid, even when 
compressed by the weight of the stored product. This is 
important as any compression of the interstitial space 
will mean parts of the storage tank are not monitored 
by the vacuum pressure. Therefore, the space created 
between the original steel wall and the double skin liner 
will not be able to provide an alarm should a breach 
occur in the sections that have been compressed.

Solvent-free double skin completion
With the interstice created and the double skin material 
installed, the final solvent-free coating was sprayed to 
complete the system installation inside the tank. The 
coating was applied at 2 mm nominal thickness.

The double skin liner ensures the tank is under 
continual monitoring using a Class 1 vacuum leak 

detection unit. The initial vacuum pressure is set at an 
operating level of -700 mbars. If this drops below 
-350 mbars the system will enter alarm mode, 
notifying the operator of a possible breach within the 
tank, thus allowing them to investigate and act before 
the problem becomes more serious.

Monitoring of the vacuum is provided for each 
tank by a pressure transducer valve. These are installed 
in each tank chamber or in the case of an aboveground 
tank connected to external wall of the tank. The signal 
from the valve in the case of a breach of the tank is 
routed back to a control room or monitored area. The 
status of the vacuum pressure shall be detailed on the 
leak detection monitoring unit.

Two levels of protection
A solvent-free double skin tank liner provides two 
levels of protection for storage tanks. The tank steel is 
blasted, coated and held in a vacuum, meaning it 
cannot corrode as there is no air or moisture to create 
corrosion. 

The double skin liner is flexible and robust, 
providing chemical storage protection. Theoretically, if 
the top coating of the double skin liner is periodically 
inspected and renewed, these tanks can remain 
corrosion-free and in use indefinitely. This type of 
liner provides 24/7 monitoring so time intervals 
between periodic tank weld seam inspections can be 
increased, enabling controlled and managed 
operations. 

Protecting against internal corrosion and tank 
content loss avoids environmental pollution and 
potential disaster. A double skin acts as a safety net if 
there is ever a breach in the storage tank, which is 
crucial in today’s chemical storage operating 
environment.

The solvent-free nature of the coating within the 
double skin liner adds to the overall 
environmentally-friendly role of this kind of 
protection. Being safer to install than traditional glass 
reinforced plastic, double skin lining systems is a 
significant benefit. It is important that applications, 
other site contractors and the public are protected 
and not put in an unnecessary health risk.

Some may claim that it is unnecessary to have a 
double layer of protection in storage tanks, but the 
alternative must be considered. The purpose of 
installing a solvent-free double skin system is 
controlled management and environmental influence 
within the industry, giving operators the ability to 
control and contain any potential disaster. This also 
helps to avoid issues such as expensive pollution 
clean-up, tank plate replacement, the associated major 
downtime, cost of loss of product into the 
environment, and the increasing fines or licence revoke 
that come from breaching strict anti-pollution laws.

Installing a leak detection system to combat 
corrosion benefits operators and aids the global 
challenge of preventing water pollution and ground 
contamination. 

Figure 4. Transducer in a chamber.

Figure 3. The effects of pitting corrosion on a storage 
tank.
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F ailure of a bulk storage tank is a serious issue for 
industrial asset owners, and one of the main 
causes of failure is corrosion. Storage tanks are 
exposed to some of the harshest conditions of 

any industrial asset and without the appropriate 
corrosion prevention measures they will deteriorate. 
Internally, the steel tanks must guard against the 
corrosive liquids they contain, whilst externally the 
structures must be protected from the natural elements. 

Adopting the right coating solution will protect 
storage tanks, the environment, and the bottom line of 
asset owners and operators. But to make the right 
decision it is important to understand the underlying 
challenges.

Addressing the challenges
Most storage tanks are made of steel because it is strong 
and easy to form for construction. Unfortunately, mild 
steel is highly vulnerable to corrosion. External tanks are 

exposed to the corrosive environmental elements of 
their surroundings, such as moisture, fl uctuations in 
temperature and ultraviolet (UV) sunlight. These can lead 
to early coating breakdown. As well as the tanks 
themselves, safety critical elements such as stairways, 
hand rails and ladder rails could fail and collapse if 
serious corrosion occurs, and this is of course a serious 
health and safety issue.

Corrosion on external surfaces will lead to rust and an 
unattractive exterior appearance. Tanks are generally 
coated in light colours to refl ect the sunlight and in order 
for a breakdown of the coating to quickly show up. Light 
colours may also help maintain lower internal 
temperatures, which in turn can help reduce emissions. 
Adopting a high-performing coating solution from the 
outset will protect the asset for as long as possible whilst 
retaining the appearance of a well-maintained facility.

Internally, it is vital to prevent corrosion and damage 
caused by the liquid contents whilst, in many cases, 

Fabiana Requeijo, Hempel A/S, Spain, explores the 
challenges of coating storage tanks, inside and out.

Storage tanks in Sines, Portugal, coated by Hempel. 
Environmental impacts can cause structures to corrode. 
The right coating solution needs to be chosen in order to 
address these challenges and protect assets. 
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avoiding contamination of the stored material. Tanks are 
usually only inspected internally every fi ve to seven years 
so a breakdown of the lining may go undetected. Any 
resulting corrosion can cause serious problems, such as 
tank bottom perforation, which can lead to ground water 
contamination. Using a high-performance lining will help 
minimise this risk. 

Tank design, and particularly ease of access for the 
applicators, is another important consideration; as is a 
comprehensive understanding of previous repairs or 
structural issues. The American Petroleum Institute (API) 
provides guidance on tank construction and how this can 
help support the application of performance linings. A 
quality internal lining provider will conduct a thorough 
survey to enable the appropriate lining of the required 
performance. Although corrosion can be a changeable 
process, it is important that the lining supplied will not 
cause any unexpected delays during the maintenance 
shutdown period, without impacting on the required 
inspection interval. A failed tank lining will take a tank out 
of service and this disrupts supply chains and impacts both 
reputation and costs. Selecting the optimum lining scheme 
will reduce long-term maintenance requirements. 

External protection
For external surfaces, Hempel has developed Avantguard®, 
a zinc-rich epoxy coating that exhibits the strength of a 
traditional epoxy whilst delivering excellent anti-corrosion 
properties. It does this by combining the ingredients used 
in traditional zinc epoxies with two new elements – 
hollow glass spheres and an activator. This makes the zinc 
more effective in altering the electro-chemical reaction 
between salt, water and oxygen that allows the zinc 
particles to rust instead of the underlying steel structure. 
By enhancing the performance of zinc in this way – known 
as the galvanic effect – the technology provides high 
levels of corrosion protection that are traditionally 
associated with zinc silicate-based systems. 

The activated zinc is designed to form insoluble salts 
throughout the fi lm, creating a barrier effect that makes it 
less permeable to water penetration. 

At the same time, the insoluble salts act as 
environmental scavengers and react with the chloride 
ions to reduce the movement of corrosive elements 
through the coating. This delays the corrosion process as 
the chloride ions are trapped within the coating and 
prevented from reaching the steel surface beneath. 

A breakdown in the external coating may cause 
micro-cracks in the paint surface, which leads to real 
cracks and subsequent corrosion. The hollow glass 
spheres absorb most of the stress from the initial cracks 
and prevents propagation of any stress cracks. The 
sub-products formed during the zinc activation process 
will then occupy the micro-crack, effectively offering a 
kind of ‘self-healing’. This reduces rust creep, helping to 
ensure the coating retains its anti-corrosive properties for 
much longer. 

Asset owners of storage tank facilities also look for 
coatings that are easy to apply as it saves time and cost. 
Traditionally, in order for a zinc rich coating to offer 
extended corrosion protection, a high concentration of 
zinc pigments was necessary. These high levels were 
found to lead to reduced adhesion of the primers (lower 
binder concentrations) to a steel surface and associated 
‘mud-cracking’. Avantguard’s activated zinc technology is 
not affected in this way and with the added benefi t of a 
short recoat interval (as short as one hour at 20˚C), it 
offers increased productivity without any compromise in 
anti-corrosive performance. A new coating based on this 
technology was recently launched – Avantguard 860 – 
which offers the corrosion protection previously only 
seen with inorganic zinc silicates, but with the benefi ts of 
epoxies.

Internal protection
Lining systems inside of a storage tank should deliver 
long-term protection, ease of application and a good 
return on investment. The Hempaline Defend range 
includes both vinyl ester and epoxy linings to protect 
against any stored liquid and incorporates a high crosslink 
density technology to give increased chemical and 
corrosion resistance.

The linings are available in a one- or two-coat system, 
offering fast application when applied as a single coat, 
reducing the risk of contamination between coats, or 
missed overcoating intervals. All single coat systems are 
given a 100% integrity check after they have been applied. 

The vinyl ester linings are formulated to have a high 
resistance to water penetration as well as resistance to 
extremes of pH. These coatings can be spray-applied as a 
high-build coating system but are also available as trowel 
and reinforced systems to maximise service life and 
reduce future maintenance costs. 

The epoxies are designed to optimise performance. 
Allowing for high-build one-coat applications and offered 
as a fast-curing solution, these coatings enable tanks to 
be returned to service in as little as 24 hrs, without a 
reduction in performance or overcoating. They provide 
resistance to the aggressive chemicals found in the 
petrochemical and power markets, and are also available 
in phenolic resins for enhanced chemical resistance. 

Figure 1. Oil tanks in Spain coated by Hempel. 
Protective coatings with the right combination of 
technology are of utmost importance both externally 
and internally. 



Selecting the correct lining can lead to optimum 
performance without impacting application 
characteristics or downtime. 

With internal coatings, the health and safety of the 
applicator working in a confi ned space is a vital 
consideration. Solvent-free coatings are often the most 
environmentally-friendly paint, but have not always been 
the easiest to apply, and this has created challenges for 
the applicator. But the modern technology incorporated 
within the company’s epoxy range means that these 
coatings are solvent-free and deliver the same or 
enhanced performance without impacting on application. 
They deliver a fast curing 
single coat application, which 
allows a rapid return to 
service. 

Proven corrosion 
protection  
Shell Nederland operates a 
large fuel storage depot in 
Arnhem that distributes fuel 
to gas stations across 
the Netherlands. At a site of 
this size, which has many 
storage tanks, it is vital to 
carry out regular 
maintenance to protect 
against corrosion.

When Shell Nederland 
was searching for a 
high-performance 
anti-corrosive coating for a 
single tank – Tank 214 – 
Hempaline Defend 630 Cure 
72 offered a solution. 

Poor linings can lead to 
substantial losses as a result 
of asset downtime, so it was 
essential that the tank was 
protected with a coating 
that would perform well 
with the extremely corrosive 
contents. The chosen 
Hempel coating is a high 
performance, 100% solids 
phenolic epoxy lining that 
offers excellent chemical 
resistance to a wide range of 
chemicals and solvents. 
Designed to be a single coat 
application, the coating has 
a rapid cure system, meaning 
that downtime is minimal. 
The lining also provides 
protection against abrasion, 
high temperatures and pH 
swings.

A total of 200 t of paint 
was used to coat the tank, 

and following the successful application, Shell Nederland 
chose Hempel as the coatings supplier for a second tank 
in 2017. 

Conclusion
In the current competitive market, it is important that 
both the physical properties and the application process 
of coatings are designed to improve effectiveness and 
productivity. Storage tanks have a hard life and any 
coating created to protect them – both inside and out – 
must be similarly robust if costly maintenance and 
downtime are to be avoided. 
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E ngineering companies are continually looking for every 
advantage they can gain in order to help increase 
productivity. Advances in modern software can help 
companies save time by improving the accuracy of vital 

calculations and ensure adherence to industry codes.
Lloyd’s Register (LR) frequently performs third-party design 

appraisal reviews of complex equipment, and was recently 
awarded a project to review the piping stress analysis as per 
ASME B31.3 and B31.4 and equipment as per ASME Sec. VIII Div. 2.

A complete LPG storage and terminal facility was being 
constructed and needed design review of 13 pieces of static 
equipment in addition to approximately 100 critical lines in the 
piping system. The project included large LPG spheres, propane 
spheres and other allied static equipment.

The company was aided by two Hexagon PPM software 
systems in order to complete this review: the PV Elite software 
was used to execute a review of the equipment, and the 
CAESAR II software was used to perform piping stress analysis.

Project challenges 
The piping system had quite complex construction because 
it involved piping from the jetty to the tank farm and piping 

of the tank farm with wind loadings, both with and without 
insulation. On top of all that, the client had a strict deadline 
within which it wanted to have the design review in place 
for the piping system and equipment. 

The company needed to check the fl exibility system as 
well as code compliance. There were a variety of challenges 
in reviewing this particular equipment. The piping system 
had many load case combinations with different 
temperatures.

Many of the nozzles had piping loadings as well, so a 
large quantity of local load analysis was required. The 
robust support and combined loading were reviewed with 
respects to the internal and external pressure, wind 
loading, thermal expansion and the piping’s own weight. 
The company also had to consider the weight of the 
sphere and the weight of the external attachment, and 
evaluate the bracing of the leg support, a key element in 
any sphere design.

Being a coded job, strict code compliance was required. 
Two different codes were involved. The piping from the 
jetty to the tank farm was evaluated using ASME B31.4, while 
the piping of the tank farm was reviewed with ASME B31.3.

Sujay Pathre, Lloyd’s Register, India, 
presents a review and analysis of an 
LPG storage and terminal facility.
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Complex equipment
The construction of equipment was complex, which presented a 
number of challenges when reviewing it. The tank was spherical 
with braced leg support, an external platform loading, railing 
loading and spray water system loading. Cyclic loading and wind 
loading needed to be reviewed on top of internal pressure, 
external pressure and temperatures.

The equipment also had many nozzles, which meant that 
multiple opening checks needed to be evaluated within the 
closely spaced nozzles on the top and bottom portion of the 
sphere. The majority of the nozzles also had piping loadings, 
which required local load analysis.

Equipment analysis
Despite the complex and time-consuming nature of the 
equipment, LR was able to review it with the help of PV Elite and 
to the satisfaction of the client. Various load cases could be 
evaluated, plus changes and modifi cations were easy to handle.

It was also easier to determine the loads for the equipment 
end connections since pieces were evaluated by the software. 
Furthermore, various options for the equipment nozzle load 
could be explored, including the anchor option, Welding Research 

Council (WRC) option, and entering the fl exibilities of 
the geometry by external evaluation by using CAESAR II.

This analysis allowed LR to highlight some of the 
major non-compliance issues to the client, including 
nozzle failures in local load criterion and overstress in leg 
support.

Pipe stress analysis
Using the PV Elite software, the company was able to 
review the equipment as a whole in an integrated 
approach, modelling and simulating the complete 
equipment with leg support and bracing, external 
platforms and nozzles. The cyclic loadings in the sphere 
could be easily reviewed and data integration was simple.

Many nozzles had pipe loadings that could be 
quickly evaluated. Yet for some of the nozzles, WRC was 
not applicable, so fi nite element analysis (FEA) needed to 
be performed. With a combination of the PV Elite and 
NozzlePRO solutions, the FEA could be performed 
quickly. The fl anges could also be analysed under the 
external loads of piping.

The combined loading calculation (weight, internal 
pressure, external pressure, wind loading, platform and 
external attachment loadings) was easy and simple to 
determine.

In between the initial request and fi nal delivery, the 
client had modifi ed some of the inputs of the equipment 
(including changes in nozzle loads, location and 
orientation), but with the PV Elite model in place, the 
changes could be quickly accommodated.

As part of its activity, LR was able to instantly prepare 
the required auditable calculation report with the help 
of the CAESAR II software.

Technology advantages
With the help of software, design changes were easy to 
apply despite the time constraints of the project. It was 
simple to perform multiple opening checks on the large 

quantity of nozzles on the equipment. It was also possible to 
accurately evaluate the fl anges with external piping loads and 
determine the loads for the equipment end connection.

At present, there are few tools available in the market that 
can help engineers review such kinds of equipment and piping 
systems in a timely and effi cient manner. Resorting to two or 
three tools or a non-integrated approach would have required a 
compromise on accuracy, effi ciency and time deadline. CAESAR II 
was the preferred option to review such complex piping.

Project success
Man hours for the equipment and piping were able to be saved 
through the use of two Hexagon PPM systems.

This was the fi rst time that LR had evaluated a project in 
which it performed the complete equipment as well as piping 
review. This project received the 2018 Runner-up CAESAR II 
Drivers of Success Award for excellence in project execution from 
Hexagon PPM. 

Client retention and business growth are major challenges for 
any organisation in the face of global competition. Based on this 
project’s success, LR now has several similar contracts in the 
pipeline with the same client. 

Figure 2. The piping system was complex. CAESAR II was used to 
perform the pipe stress analysis for this project.

Figure 1. The spherical tank at the LPG storage and terminal 
facility presented complex construction with braced leg support 
and a lot of external loading. PV Elite was used to review the 
equipment.
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P rofitability, agility and global competitiveness 
are all good reasons to digitise asset lifecycle 
information. But why now? The safety critical 
tank terminal industry is growing with an 

increasing demand for storage flexibility and capacity. 
Safety standards are causing significant challenges, 
thus accelerating the need for advanced technical 
solutions. 

Effective lifecycle asset information management 
plays a central role in the efficient working of plants. 
Web-based or software solutions, such as product 
lifecycle management (PLM) and document 
management system (DMS) software, are available to 
ensure lifecycle asset information management. 
However, these systems are unable to produce updates 

in either of the connected technical data management 
systems. 

Companies in the tank terminal industry are 
currently suffering from data fragmentation. It has 
been observed that a lack of communication exists 
among data management systems, as well as exhaustive 
data integration. For example, an engineering 
department can use computer-aided design (CAD) as a 
basis for a new project and a maintenance department 
can employ an enterprise asset management (EAM) 
system to control savings on repairs and maintenance. 
Meanwhile, a Health, Safety, Environment, and Quality 
(HSEQ) department can use environment, health and 
safety (EHS) and a DMS software to document all 
activities related to health, safety and compliance. 

Jeroen Dekker, CEA Systems, the Netherlands, discuss the benefits of asset 
lifecycle information digitalisation platforms in the tank terminal industry.
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Overcoming key challenges
When facing more complex activities, such as 
developing compliance audits, analysis of brownfield 
projects and making investment decisions, the 
availability of the data depicting the actual situation 
on site is vital. The fragments of data existing in 
different departments create problems when changes 
to asset information made by one department are not 
directly adopted by others. Moreover, as the tank 
terminal industry is extremely regulated and 
safety-critical, ensuring compliance at every step is 
paramount. Yet, the absence of a unified, 
easily-accessible pool of documents (such as drawings 
from engineering, inspection reports or certificates 
from maintenance) may bring about compliance issues 
and, in a worst-case scenario, penalties from HSEQ in 
the case of a breach of regulatory and safety measures.

CEA’s asset information management solution, 
Plant-4D, aims to help the tank terminal industry 
overcome the aforementioned challenges by combining 
all of a plant’s asset-related information and displaying 
it in an all-inclusive manner to everybody involved. 
This solution does not substitute the working of the 
prevailing software, but it gathers and assembles data 
to provide novel insight and allows users to see the full 
picture in one piece. This encourages plant-users and 
plant-owners to make the correct decisions at the 
correct time. 

An integration platform allows the solution to 
bypass the lock-in of information from traditional data 
management systems, instead focusing on establishing 
bi-directional communication, creating one source by 
ensuring that changes in one system are updated in all 
other relevant systems.

Digitising asset lifecycle information with a 
platform within the tank terminal industry can make it 
possible to create, maintain and retrieve all technical 
information essential for safe and efficient running of a 
plant. Secure and central control of plant lifecycle data 
allows for informed decision making and for new 
insights to be generated based on an integral overview 
of data.

Benefits of asset digitalisation
Digitising plants leads to more agility in the supply chain 
and can enable tank terminals to drive plant operational 
business practices to higher levels of collaboration, 

agility, and standardisation. This transformation also 
supports people, processes, and technology to deliver 
improved performance, agility, and reliability. A 
successful asset lifecycle information digitalisation can:

 Maximise the asset lifecycle: it can optimise new 
and existing processes, leverage the process 
simulation model throughout the plant lifecycle, 
and provide relevant operational decision advice to 
operators.

 Optimise operations: it can promote operational 
excellence across the enterprise, integrate 
production with the supply chain for higher asset 
utilisation, and reduce total cost of ownership.

 Enable people: it can bring new operators up to 
speed quickly, improve access to actionable 
information and drive safety within the plant.

Likewise, the potential adoption of an asset lifecycle 
information digitalisation platform can ensure savings on 
maintenance costs, owing to an upsurge of ‘first time 
right’ and ‘hands on tool time’. It can also reduce safety 
and security delays, as well as non-conformity risks, thus 
reducing or even removing HSEQ fines, and allowing for 
less complex investment decisions because of the 
accessibility and visual illustration of information sets 
and incorporated models. 

Implementing change
Adopting an asset lifecycle information digitalisation 
platform can be met with resistance. Stakeholders in 
highly regulated oil and gas, chemical or water plants 
can be reluctant to change. 

Firstly, the asset information is usually handled by 
different personnel within the plant, such as 
engineering, HSEQ, operations and maintenance teams, 
etc. These personnel might find it difficult to share 
their relevant information with one another and suffer 
from cross-communication problems. Generating an 
agreement on new ways of working regarding data 
generation and sharing can be one of the most 
challenging tasks for management or plant owners.

Moreover, adopting data management systems can 
affect traditional processes and procedures. 

Lastly, workers and employees may be reluctant to 
adopt new platforms. This is often due to a gap in their 
skillset that prevents them from embracing the new 
technology. Consequently, adoption of information 
digitalisation solutions is frequently slow or postponed. 

To address these barriers during the adoption of a 
new asset lifecycle information digitalisation platform, 
it is recommended to first establish the culture of 
change and flexibility at the plant. Potential buyers can 
inform different stakeholders of the importance of 
data sharing and how the platform can help compliance 
with safety and environmental regulations.

Three-phase plan
To increase the adoption from employees, a 
three-phase implementation method to digitise asset 
lifecycle information is proposed. This method 
gradually enriches the asset data throughout natural 

Figure 1. Asset Data Enrichment Method: a 
three-phase implementation method to digitise asset 
lifecycle information. 
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lifecycle stages, from the asset design and 
commissioning to asset operation, maintenance and 
decommissioning. Of course, throughout all of these 
stages, assets should remain compliant with the latest 
industry regulations (Figure 1).

The first ‘engineering and as-built’ (EA) phase aims to 
collect, digitise and connect CAD data of all current 
assets from the engineering and the commissioning data 
of new, recently installed or acquired assets. In this way, 
there is a digital footprint made of all assets currently 
utilised on the plant. This phase also includes the 
adoption of company-wide uniformed asset-naming 
convention, as well as establishing active triggers that 
update departments for the modifications made on 
asset information anywhere. In this phase, employees 
experience the advantages of being connected to other 
departments, which solves the cross-communication 
problem.

The second ‘operation and maintenance’ (OM) phase 
aims to further enrich the asset data by connecting the 
enterprise asset management system and the distributed 
control system (DCS) to the as-built package 
(engineering plus commissioning documents). This 
ensures that operations and maintenance teams are 
always working with the latest asset information, as all 
the modifications in the plant made by engineering or 
maintenance are traced and tracked, and updates for the 
as-built situation are recognised. Engineering teams also 
benefit from this connection, as they have an overview 
of the daily workflow on a plant that might affect their 

project. A challenge during this phase can be that teams 
not only need to modify their manner of working but 
also reconsider their decision strategy since they will be 
getting more data from various management systems 
integrated into valuable information.

The final ‘compliance’ (C) phase aims to go further 
by connecting an EHS system with all compliance data, 
such as risk-based inspections, certificates and reports 
linked to the regulation standards, object numbers and 
location tags available in either 2D or 3D overviews. 
This allows an overview of the compliance status of 
each component in a plant to be generated in 
real-time. Moreover, changes to assets made by any 
team automatically change the compliance status and 
trigger to action. 

Conclusion
It can be concluded that the adoption of an asset 
lifecycle information digitalisation platform provides 
plant operators and owners with control of all their 
asset information in real-time. However, the highest 
acceptance rate on a work floor can be ensured by 
following simple recommendations such as starting 
simple, gathering the data that is easily accessible, 
identifying the data that is misplaced or needs extra 
authentication, taking time to assess each phase and 
getting every stakeholder’s approval for the alterations 
at the plant, collecting input and feedback, and lastly 
arranging training for the employees in the novel 
decision-making techniques and processes. 

Global PublicationGlobal PublicationStay informed

Register at www.worldfertilizer.com

� � � +

Keep up to date with us to hear 
the latest World Fertilizer news



Autumn 2018696

W hen lightning strikes an oilfield production 
facility, nobody wants to lose a tank 
battery. But what many operators may not 
understand is the actual cost of losing a 

critical facility and, more importantly, the relatively 
small investment required to protect it from damages 
due to lightning or static discharge.  

Over the last few years, operators, lightning 
protection experts and insurance underwriters have 
tracked the cost of such incidences and have found an 
alarming trend toward more severe damage on tank 
battery sites, particularly saltwater disposal (SWD) 

Harshul Gupta and Benjamin Hearst, 
Petro Guardian LLC, USA, assess the 
real cost of losing a tank battery to fire. 

WHEN
LIGHTNING
STRIKES

Figure 1. The lightning risk.
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facilities and central tank batteries (CTBs). A 
mid-sized SWD operator reported a recent 
lightning related tank fire that shut down their 
operations for over 30 days and cost more than 
US$831 000.

 In contrast to expensive damages, the average 
cost of implementing protection from lightning 
and static discharges is within 1 – 3% of the cost of 
a facility and its equipment.

According to this operator, the tank fire 
resulted in the loss of over 7000 bbls of produced 
water (a primary revenue stream) and more than 
five tanker truck loads of oil that was intended for 
resale. Costs related to environmental cleaning and 
other intangible losses also impacted their bottom 
line. 

Keeping pace
Safety for personnel, protection of property and 
uninterrupted operations are naturally primary 
concerns. Operators and their engineers fall back 
on industry codes and standards that recommend 
best field practices for lightning protection. For 
example, the National Fire Protection Association 
(NFPA) 780, has published its 2017 edition of the 
‘Standard for the Installation of Lightning 
Protection Systems’ and NFPA 777 ‘Recommended 
Practice on Static Electricity’; while the API 545 
provides the ‘Recommended  Practice for Lightning 
Protection of Aboveground Storage Tanks for 
Flammable or Combustible Liquids’, as well as 
API 2003, ‘Recommended Practice for Protection 
Against Ignitions Arising Out of Static, Lightning, 
and Stray Currents’. The IEEE Green Book on 
‘Recommendations for Grounding and Industrial 
and Commercial Power Systems’ also provides 
guidance for protection.

According to the NFPA, during the years of 
2006 and 2011 the average annual cost due to 
damage from lightning totalled US$28 million for 
storage facilities and US$15 million for industrial 
and manufacturing facilities. Although 
implementation of protective measures is reducing 
the average cost to the industry, there are more 
facilities being built than ever before at a rapid 
rate. At the same time, global weather changes, 
lightning strike frequency and severity is increasing. 
Today, upstream oil production operators are 
installing advanced automation technologies and 
are consolidating production and storage locations 
into larger tank batteries. The advancement in 
technology, coupled with the expansion of these 
facilities, exponentially increases the risk of 
lightning related damage. Unfortunately, in many 
cases, lightning protection systems have not been 
able to keep pace with the advancement in 
production and storage facility technology.

The engineering community has also lagged 
behind, unable to develop a comprehensive, single 
industrial standard for lightning and static 
protection on production and storage facilities. 
This presents another major challenge to 
implementing protective measures.

Today, industry standards provide only 
minimum recommendations for installing lightning 

Critical issues
The engineering community has not been able to 
develop a comprehensive single industry 
standard for lightning and static protection on 
oil production and storage facilities. This causes 
a variety of critical issues, including the 
following:

The IEEE Standard 142 grounding 
recommendations cover system grounding 
extensively but provide minimal 
recommendations for grounding static and 
lightning discharges. Electrical engineering 
blueprints often omit grounding static and 
lightning. 

 The IEEE Standard 1100 grounding 
recommendations cover electronics and 
control systems grounding but omit key 
adequate lightning protection techniques. 

 The NFPA Standard 780 addresses structural 
and electrical system lightning protection 
implementation for residential, commercial 
and industrial infrastructures. However, 
recommendations for protecting tanks 
storing flammable materials are limited. 
There are no recommendations addressing 
facilities that may have metal tanks and 
fibreglass tanks together installed on lined 
containment. It also does not address how 
to integrate grounding for lightning 
protection system with static grounding 
system. 

 The NFPA Standard 77 addresses controlling 
generation of static charge and grounding 
but does not address integration with 
lightning protection systems. 

 The API standards mention grounding closed 
and open roof storage tanks for static and 
stray currents but merely reference NFPA 780 
for lightning protection. 

Figure 2. Air terminals on top of a tank battery.



protection on large storage tanks and omit 
recommendations for atmospherically venting tanks. 
Tank batteries consisting of smaller tanks with 
configurations of both metal and fibreglass tanks 
are also not addressed. Furthermore, some industry 
standards consider certain metallic tanks installed 
directly on earth to be inherently grounded. This 
method of grounding is generally not adequate for 
preventing ignition of flammable vapours during 
lightning events. 

Integrated unit
For oil production and storage facilities, lightning 
and static protection systems need to function as 
an integrated unit. Recommended practice for 
design and installation must address several 
protection techniques. First, an air terminal system 
should be installed on all tanks, towers, the heater 
treater, lamp posts and modular buildings to delay 
streamer formation. This not only reduces the risk 
of igniting the flammable vapours over the storage 
tanks, but also reduces the risk of a lighting strike 
terminating on the facility being protected. Next, a 
bonding system that establishes electrical 
continuity between tanks, towers, poles, buildings, 
etc. should tie all the air terminals on the facility 
into a single electrical system. The bonding system, 
sized and rated to withstand lightning currents, will 

be adequate to dissipate any surface static charges 
and surface stray currents. The pressure relief thief 
hatch, vent valves and tanker truck load out areas 
should also be bonded to the facility-wide system 
to avoid accidental static discharge during normal 
operations.

Insulated storage tanks require an in-tank static 
neutralisation system that has no capacitance of its 
own. When grounded, the in-tank static 
neutralisation system increases the speed of 
neutralisation within the tank and will not induce 
discharge during thunderstorms.

Figure 3. Bonding system for pressure relief thief 
hatch.
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Furthermore, operators should install lightning 
transient protective devices for all level transmitters, 
pressure transmitters, flow transmitters, control 
panels, communications panels and power 
distribution panels. These devices not only protect 
the electronics from induced lightning transients, 
but also guard the facility from the risk of igniting 
flammable vapours in case an electronic device was 
to burn because of an induced lightning transient.

Conclusion
In conclusion, an integrated lightning and static 
protection system for tank batteries is both 
affordable and essential to protecting critical 
operations. Considering the devastating effect that 
just one fire can have on a facility, the best course of 
action to take involves comparing protection 
systems and determining if that system not only 
meets required standards, but also addresses the 
gaps in the current standards. The nominal cost of a 
lightning and static protection system can be built 
into the construction budget, ensuring new builds 
will be secure – for a fraction of the cost of losing a 
tank battery to fire. 

Bibliography
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Figure 4. Cutaway of a SWD tank with installed 
in-tank static neutraliser.
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