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WICEPREZES RADY MINISTROW
MINISTER GOSPODARKI
Janusz Piechociriski

Introduction by Deputy Prime Minister Janusz Piechociriski,
Minister for Economy, for the yearbook “The Polish Petroleum
and Natural Gas Market” issued by the Oil and Gas Institute

Warsaw, 04 August, 2014

Dear Sir/Madam,

| am really pleased that | can recom-
mend you another edition of the yearbook
“The Polish Petroleum and Natural Gas Mar-
ket” The Oil and Gas Institute — National Re-
search Institute takes up the most interest-
ing issues for the petroleum and gas sector
in a comprehensive way, which makes it a
perfect supplement and systemization of
our knowledge in these areas.

At present, the energy sector is funda-
mental for the economy and it makes the
basis for operation of all the branches of
industry. One of the greatest challenges
that contemporary world is facing is to en-
sure energy security, understood as provid-
ing stable supplies of energy sources, inde-
pendent from political pressure.

Great significance for the operation of
petroleum sector in Poland and, by the
same, for stability in respect of supplying
the national market with petroleum and
fuels has an amendment to the act on the
reserves of oil and petroleum products of
30 May, 2014. As a result of the act, the ob-
ligation of creating and maintaining the oil
and fuel reserves will now be shared by the

=

Janusz Piechociriski — Deputy Prime Minister, Minister for Economy

entrepreneurs and a public entity (Material
Reserves Agency). The amendment to the
act will also allow to combat the grey zone
on the liquid fuel market. The general goal
of the introduced changes is to control the
illegal trade in liquid fuel in Poland.

In order to increase the energy security
of Poland, all the time, investment works are
conducted in the gas sector. The construc-
tion of gas pipelines and expansion of natu-
ral gas storage reservoirs will contribute to
increased energy independence of Poland
which is becoming the regional leader in
this respect.

“The Polish Oil and Natural Gas Market”
is an interesting suggestion not only for
experts in the power industry but also for
all the people who wish to broaden their
knowledge on widely understood sector of
oil and gas. | warmly invite you all to read
this year's edition.

Janusz Piechocirski
Deputy Prime Minister, Minister for Economy
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Geopolitics of hydrocarbons

The impact of global trends on
domestic manufacturers

Tomasz Baranczyk, WouciecH Stowinski, JACEK CiBoRsKl, GRzeEGoRz Kus, MAcIEs CHYz, MACIEJ SZUMIELUK

What is the impact of transformation of the global oil and gas market on

the Polish oil and gas and chemical sectors? The impetus for change on do-
mestic market are, among other things, external political events, such as the
tense political situation in Ukraine caused by the armed conflict which makes
the European Union much more focused on the need for independence of
the Community states from energy supplies from the eastern direction.

I n this context, over the past few months, many
ideas and declarations have arisen concerning the
possibility of diversification of gas supplies to Europe,
which is crucial for energy security of the EU states and
operation of their economies. Poland has proposed
joint purchases of natural gas by the member states of

According to the EIA data of 2013, Gazprom,
the Russian monopolist in the export of gas,
supplied about 154 billion m? of gas to the
EU countries. Currently, the regasification
capacity of LNG terminals in Europe
amounts to around 185 billion m? of gas
and there is another 29 billion m?in con-
struction. At the same time, according to
Furogas, in 2013, the actual use of the
regasification capacity amounted to about
47 billion m? of gas.

the European Union. Spaniards propose wider use of

regasification terminals by other member states.

ports, and other terminals obtain permission for ex-
port of liquefied natural gas to the so-called non-FTA
countries, which includes the countries of the Euro-
pean Union — as of 11 June 2014, there were seven
such permits for export of up to 96 billion m? of gas
per year. In this context, it is worth analyzing the real
possibilities of diversification of the sources of gas and
oil supplies to Europe, taking into account the poten-
tial and expansion plans for the European and Polish
infrastructure.

The data reported in this article take into account
the legal and factual status as of 31 July, 2014.

Unexploited potential

Currently, the regasification capacity of LNG termi-
nals in Europe amounts to around 185 billion m? of gas
(excluding small-scale LNG terminals and terminals in
Turkey) and another 29 billion m? in construction (with-
out terminals in the Canary Islands, located outside the
European transmission network). At the same time, ac-
cording to Eurogas, in 2013, the actual use of the re-
gasification capacity amounted to about 47 billion m?

Across the Atlantic, the United States declared the
opening of their market for liquefied natural gas ex-

of gas. Therefore, unexploited regasification potential
amounts to approximately 138 billion m?® of gas per year.

THE POLISH PETROLEUM AND NATURAL GAS MARKET 2014 Oooagd
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According to the EIA data of 2013, Gazprom,
the Russian monopolist in the export of gas, sup-
plied about 154 billion m? of gas to the EU countries,
whereas the total consumption in the EU amounted
to 462 billion m3. Theoretically, there is a real possibi-
lity of replacing the eastern sources of supplies with
gas from the LNG terminals.

Required large investments
in infrastructure

The existing LNG capacity in Europe is just one
side of the coin. In practice, the reorientation of the
direction of gas supplies for entire Europe would re-
quire billions of euros for investments in the expan-
sion of the existing infrastructure. For example, the
current regasification capacity of terminals in the
Iberian Peninsula is about 68 billion m?. With the an-
nual demand of Spain and Portugal for gas (about
38 billion m? in 2013, of which domestic production
provided only 1.1 billion m?), this means about 30 bil-
lion m? which could be sent across France to other
European countries by means of interconnections.
Meanwhile, the current capacity of interconnectors is

only 5.2 billion m*. Another problem is the price com-
petitiveness of gas supplied in this way. The impact of
the American LNG terminals exporting gas from shale
deposits on global LNG prices is currently difficult to
estimate and, if it occurs, it will certainly be shifted in
time. The first terminal condensing gas in the United
States is to be launched only as late as in 2016.

In addition, it should be noted that export of re-
latively cheap gas from North America to European
markets would not be in line with the interests of
the U.S. economy. In particular, it affects the area of
chemical and petrochemical industry as well as re-
fineries in the American continent. These sectors,
thanks to cheap raw material base, are experienc-
ing a kind of renaissance. According to the American
Chemistry Council, the American chemical industry’s
investment outlays in the years 2011, 2012 and 2013
grew respectively by 14.9%, 16.9% and 10%, reach-
ing 42.4 billion dollars. By the year 2018, investments
are to reach the level of 61.2 billion dollars (twice as
much as in 2010). At the same time, in 2011, a trend
existing for many years was permanently broken
and the US. became a net exporter of petrochemi-
cal products. Therefore, first of all, we should expect
LNG sales by Americans to regions characterized by
high costs of natural gas (Asia and South America),
and only then to Europe.

THE POLISH PETROLEUM AND NATURAL GAS MARKET 2014
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Fig. 1. Sources of gas supplies to the European Union. Source: Compiled by PwC on the basis of Eurogas 2013, Gas
Infrastructure Europe, ENI World Oil, Gas Review 2013
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Table 1. Operating LNG terminals in Europe

Milford Haven (South Hook LNG) Great Britain 21
Isle of Grain Great Britain 19.5
Barcelona Spain 17.1
Rotterdam The Netherlands 12
Huelva Spain 11.8
(artagena Spain 11.8
Montoir de Bretagne France 10
Zeebrugge Belgium 9
Sagunto Spain 8.8
Fos Cavaou France 8.25
Sines Portugal 79
Porto Levante Italy 7.56
Bilbao Spain 7
Milford Haven (Dragon LNG) Great Britain 7.6
Fos Tonkin France 55
Revithoussa Greece 53
Teesside Great Britain 4.2
Toscana Offshore Italy 375
Mugardos Spain 36
Panigaglia Italy 34

TOTAL 185.06

Source: PwC analysis based on Gas Infrastructure Europe

Table 2. European LNG terminals under construction

Dunkirk France 13
Gijon (Musel) Spain 7
Swinoujscie Poland 5

Klaipeda Lithuania 4

Source: PwC analysis based on Gas Infrastructure Europe

11
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Unconventional opportunity?

With this in mind, and given the relatively low
level of development of the gas system in East Cen-
tral Europe, it seems that Russia will for long remain
a major supplier of natural gas in the region. Regard-
less of the direction of the supply, both the gas flow-
ing to Poland from Germany and from the south of
the continent, it is and will be mostly of Russian ori-
gin. For this reason, more and more attention in the
European Union is being devoted to the search for
alternative sources of energy as the only viable op-
tion to reduce dependence on supplies of hydrocar-
bons from Russia. The proposals under consideration
include promoting the search for unconventional
natural gas and crude oil.

Increased interest on the part of investors in hy-
drocarbons from unconventional sources appeared
in Poland after publishing the Advanced Research
International for the Energy Information Adminis-
tration, estimating recoverable gas reserves from
shale formations in Poland at 5.3 trillion m? (as of
April 2011, the first wells were made a little earlier —
in 2010). From that time, until the end of June 2014,
64 exploration wells were made in Poland and a to-
tal of 26 fracking treatments of varying scope were

The reasons for the slow pace of
exploration work can be seen, e.g.
in the absence of clear vision and
resulting from it concrete propos-
al of regulatory environment in
support of the business — both
nationally and in the European
Union.

12

conducted. The Polish Exploration and Produc-
tion Industry Organization estimates that the cur-
rent total sum of capital expenditure of companies
related to exploration of shale gas is greater than
PLN 2 billion.

In terms of the number of wells made on the
Old Continent and aimed at the study of gas re-
sources from unconventional reserves, Poland re-
mains the undisputed leader. However, compar-
ing the number of wells performed in Poland in
order to confirm the potential of unconvention-
al deposits to the number of wells drilled in the
same period of the initial stage of identification

of the resources in the Marcellus field in the U.S,,
undoubtedly — the number of fracking treatments
performed is insufficient to confirm the reserves,
not to mention the evaluation of their potential for
commercial development. Moreover, the pace of
current and planned drilling work is falling. This re-
duces the chances of accurate documentation of
the reserves in the prospect of the next few years.
According to current plans submitted by conces-
sion holding operators, 342 exploratory wells are
planned by the year 2021, but only 85 of them are
mandatory, while the remaining 257 may be per-
formed as an option.

Will the new regulatory
environment increase
hydrocarbon extraction?

The reasons for the slow pace of exploration work
can be seen, e.g. in the absence of a clear vision and
resulting from it a concrete proposal of the regula-
tory environment in supporting the business — both
nationally and in the European Union. As a result,
some investors decided against continuation of the
work and the number of granted exploration licens-
es in Poland fell from the record 115in 2012 to 76 in
early July 2014.

The withdrawal of several large investors from
the market, as well as exacerbation of the politi-
cal situation in eastern Europe associated with the
Crimean conflict, resulted in the acceleration of the
pace of work on the regulation of the legal environ-
ment, the lack of which introduced great uncertainty
concerning the investment plans of the license op-
erators. The result of this acceleration in the recent
months has been submission of a package of laws to
the Parliament by the government, relating to regu-
lation of hydrocarbon production which, according
to the intentions of the government, is to speed up
the exploration of shale gas and bring new investors
to Poland.

On July 11, 2014 the Parliament adopted amend-
ments submitted by the Senate to amend the Geo-
logical and Mining Law Act. The amended law, after
being signed by the President, shall come into force
in January 2015. On 27 July, the Sejm passed the law
on special hydrocarbon tax which may determine
the attractiveness of investment in the shale gas
business. The proposed fiscal arrangements lived to
see fundamental change involving postponing the
effectiveness of the Act on the special hydrocarbon
tax to 1 January 2016.

THE POLISH PETROLEUM AND NATURAL GAS MARKET 2014
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Fig. 2. Location of exploratory boreholes in search of gas from unconventional sources in Poland. Source: PwC, based on
data from the Ministry of Environment of 30 June, 2014
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Fig. 3. The map of gas inter-system connections in Poland. Compiled by PwC, based on Gaz-System data
. L. traction license and developing the licensing proce-
Geologlcal and mining law: a new dure for prequalification of applicant entities are not
. e e e critical to the pace of exploration work under the exist-
quality or insignificant refreshment? ce
ing licenses.
For the current exploration and identification li-
The oil and gas industry has received changes in cense holders transitional provisions concerning prior-
the geological and mining law with a very moderate ity of licensing are most important, because they guar-
enthusiasm. Thorough reconstruction of the license antee the award of extraction license without having
system provided for in the amendment, involving the to organize tenders. According to the Act, they retain
introduction of a single exploration-identification-ex- precedence for three years of receipt of the decision
14
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approving the geological documentation of the de-
posit — if it took place after the date of enforcing the
amended Act, or five years — if such a decision was re-
ceived before that date.

One of the concerns of the industry were legal im-
pediments to the conduct of joint ventures, which re-
sulted from a failure to grant joint licenses to several
entrepreneurs and the inability to divide the mining
usufruct between them. The joint operations agree-
ment introduced by the amendment solves the afore-
mentioned problems by providing a possibility to ob-
tain a joint license by a number of entrepreneurs at
the same time, if they enter into such an agreement.
Nevertheless, quite rigid parameters of the agreement
set at the statutory level (e.g. at least 50% share in the
cost for the operator, the obligation to keep separate
accounts, or additional preparation of financial state-
ments) may hinder the practical application of this
instrument.

(Not) encouraging taxes?

According to the Ministry of Finance, the current
level of resource rent in Poland on extracting hydro-
carbons is approximately 21% of gross profit. A law on
special hydrocarbon tax will introduce two additional
burdens: a special hydrocarbon tax and a tax on min-
eral extraction regarding crude oil and natural gas. The
Ministry predicts an increase in the resource rent to ap-
proximately 40% of gross profit when it comes into ef-
fectin 2020.

The Ministry of Finance expresses the opinion that
new taxes will encourage entrepreneurs to invest in
Poland because despite the increase in the total num-
ber of burdens, the Polish system is to be one of the
most competitive in Europe. Meanwhile, assuming the
calculation of the Ministry of Finance to be correct, in-
crease in the total burden on companies extracting oil
and natural gas will reach almost 100%. Moreover, all
the time, there are many uncertainties about the ac-
tual amount of the resource rent. In the assessment of
operators, it may be at the level of 60% to as much as
130% of gross profit. It seems that such large discrep-
ancies are mainly due to a different method of calcu-
lation adopted by the Ministry of Finance, not taking
into account discounting of costs over time.

In the issue of investment incentives or tax relief
incentives aimed at increasing the scale of search and
ultimately — exploitation, the law on special hydrocar-
bon tax should be amended. For example, a mecha-
nism can be introduced for discounting or indexation
of costs taking into account the impact of inflation,
waiver of taxes on certain fossils, introduction of a

broader catalog of preferential rates and exemptions
for unconventional and marginal deposits or mecha-
nisms that reduce the level of taxation in the case of
certain funds being invested in Poland.

Strategic or missed opportunity?

The current situation in the exploration sector — as
it seems — is derived from the long-term regulatory un-
certainty and lack of clear and motivating incentives
for investment.

The new legal environment for the production of
hydrocarbons solves several problems hindering the
pace of exploration work, and in the taxation part, it
gives a few years of “tax holiday’, which, however, will
cover mainly the entities currently conducting produc-
tion from domestic fields. So far, none of those search-
ing for shale gas has declared the start of industrial-
scale production by 2020.

15
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At the same time, intensification of the search the level of production of 6.5 billion m? from uncon- —
may be discouraged by the proposed mechanism ventional deposits already in 2015). I
of calculating taxes based on the stock market ref- —
erence prices of hydrocarbons, and not the actual —
sales price of raw materials, since the amount of tax- .
es in certain situations will be unrealistic with refer- Better infrastructure —
ence to the real profits from extraction. .

The issue of extraction of hydrocarbons from un- greater mdependence
conventional sources, since the publication of the
report of the Energy Information Agency, for the re- The distant and uncertain perspective of gas pro-
cent three years at least has been one of the main duction from new sources, a stable level of domes-
themes of debate on the Polish energy security. Un- tic production and the possible increase in demand
fortunately, this debate was not followed by con- of the Polish economy for natural gas will result in
crete solutions which would stimulate the develop- growing dependence of Poland on imports of the
ment of the sector, and the proposed design of the so-called blue fuel. In 2013, over 72% of the sup-
regulatory system does not seem to create in our ply of gas to the domestic market was imported, of

—
Table 3. Alternative sources of natural gas supplies to Poland
Current Target
Location Collection from capacity capacity Year of completion
[bem] [bem]
Swinoujscie LNG Global 0 5.0(7.5) 2015 (2020)
Mallnow (physical reverse) Germany 55 7 2015
Lasow Germany 15 1.6 2015
PL-(Z (zech Republic 05 7 2019
PL-SK Slovakia 0 58 2020
Source: PwC on the basis of public information
country conditions for a significant increase in the which over 77% from Russia. Our country’s depend-
level of production in the next few years. In com- ence on natural gas supplies from the east is derived
parison to those European countries that are either from historical circumstances and adaptation of the
skeptical about gas exploration and extraction from national network to transportation of gas from the
shale formations (France, Germany, the Netherlands), south-east into the country. Quite recently, Poland
or where investors face great opposition to invest- had only one interconnection — in Lasow, enabling
ment (Romania, Bulgaria, Lithuania) — Poland is the the supply of gas (about 1 billion m? per year) from
leader. However, looking from a global perspective, alternative directions.
Poland is still at a preliminary stage of development, The lack of possibilities of supplies from other di-
exploration and production in this sector. It may eas- rections than eastern was considered to be one of
ily lose attractiveness in the eyes of investors in fa- the main risks for efficient operation of the economy.
vor of such countries as Argentina (over 160 wells The solution adopted by Poland was expansion of
in search of hydrocarbons from unconventional de- the interconnections with the EU countries. Howev-
posits so far) and China (more than 30 wells so far; er, in the recent years, investments in gas infrastruc-
plans of the Chinese government include achieving ture in Poland gained significant acceleration. The
17
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Index of covering import demands

1
I—
- for natural gas, based on
1 H
alternative sources
200
150
I—
100
50
0
014 LNG Mallnow Lasow PL-CZ PL-SK LNG
(2015) (2015) (2015) (2019) (2020) (2020)
Source: PwC, based on public information
result is the launch of a new connection with the from Russia and give alternative supplies in crisis.
Czech Republic (September 2011) and the expan- The scale of this alternative is well seen in a simple
sion of the node in Lasow (January 2012) — each of comparison: in the period 2007-2013, imports from
them provides the possibility of importing addition- the east amounted to an average of 8.9 billion m?
al 0.5 billion m? of gas per year. of gas per year. So, the terminal at opening will ini-
The real change in the market, however, was tially offer delivery from a non-dominant direction
the launch of the initially virtual (November 2011), at the level of over 60%, and ultimately more than
and now also physical reverse on the Yamal Pipe- 80% of gas from the leading supplier. In addition,
line (April 2014). In the event the exports from the the situation in terms of opportunities for diversi-
east are withheld, the changes allow the security of fication of supplies will be improved thanks to in-
supply at around 5.5 billion m?, and after the exten- vestment associated with the construction of the
sion of entry points — even 7 billion m® of gas per North-South corridor (interconnections with the
year. Completion of the LNG regasification termi- Czech Republic and Slovakia). By the year 2020, if
nal in Swinoujscie will allow to import an addition- the planned investments are realized, the replace-
al 5 billion m* of gas from other directions, with an ment of imported gas from dominating direction
option of increasing the capacity to 7.5 billion m? will be almost 200%, which is shown on the dia-
in 2020. Implementation of these investments will gram below (the data do not comprise the planned
limit the Polish dependence on natural gas supplies pipeline Bernau-Szczecin).
18
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Security of oil supplies

Security of oil supplies and prices of raw mate-
rials are the key factors in the development of in-
dustry. In the case of the chemical industry natural
gas is one of the main raw materials. For this reason,
any actions aimed at increasing the degree of inde-
pendence from suppliers, as well as those affecting
the price of raw materials are crucial for the devel-
opment of the sector and its competitiveness.

In this context, the situation of Polish refineries
and petrochemical industry is slightly different, for
them the basic raw materials are, respectively, crude
oil and refined products (LPG and naphtha). Despite
the dominant share of crude oil imported from
Russia (more than 93% of Polish imports in 2013),
thanks to its maritime infrastructure, Poland is a par-
ticipant in the global market for this material. Naf-
toport transshipment terminal allows to secure gas
supplies to the country from other directions than
the east, and the level of mandatory reserves is suf-
ficient to ensure the continuity of production.

In 2013, the Polish Oil and Gas Company
[PGNIG] with the opening of their modern Lubia-
tow-Miedzychod-Grotow fields produced a record
1.1 million tons of oil (compared to about 0.5 mil-
lion tons in 2012). Domestic crude oil processed in
2013 amounted to 24.3 million tons. Domestic pro-
duction meets the needs of Polish refineries in little
over a week, but it is worth to appreciate the devel-
opment potential of domestic reserves, as a form of
supplementing the oil imports.

On the other hand, the construction of an oil
terminal in Gdansk launched in March 2014 by the
PERN “Przyjazn” company, with bases eventually
able to accommodate 700 thousand m? of oil, fuel
and chemicals, can create additional opportunities
for the development of national and regional mar-
ket — while increasing the ability to protect stocks
of raw materials for the Polish market and becom-
ing a logistics liaison with the European and global
market. It is evidenced by the fact of signing in April
by the PERN “Przyjazn”company a long-term oil sup-
ply agreement with the Italian oil company Eni Trad-
ing & Shipping SpA, previously absent in the Polish
market.

The construction of the Gdansk terminal is part
of a wider policy of expansion and modernization
of the national oil and gas infrastructure. It is, on the
one hand, a response to the challenges of energy
security and, on the other hand, it increases the flex-
ibility of national entities in the rapidly changing
global petrochemical market, significantly affect-
ed by the so-called “shale revolution” in the United
States.
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— The American market has the largest share in
L1 the consumption of oil in the world (20% in 2013,
— according to the BP data). The United States is also
[E— the third largest oil producer following Saudi Ara-

bia and Russia. In 2013, own production in the U.S.,,
for the first time since 1995, exceeded imports. At
the same time, the increase in production in 2013
by 15.3% to 7.5 million barrels per day was the
highest since 1940. And all that thanks to crude
oil accumulated in layers of shale, extraction from
the Bakken and Eagle Ford fields underlies the in-
crease in production. According to forecasts by the
Energy Information Administration, production in
the U.S. in 2014 will rise even to the level of about
8.3 million barrels per day, and over the next few

for its products in competition with supplies from
the United States.

Petrochemistry as an opportunity
for the development of
chemical sector in Poland

For the chemical industry, absorbent, fast grow-
ing domestic demand for petrochemicals and their
derivatives is the reason for the development of
the national resource base. It would enable the im-
provement of competitiveness of the current pro-

years will continue to be growing rapidly, which
may have an impact on larger supplies of petrole-
um products to the European market. At the same
time, thanks to access to cheap raw materials, the
U.S. petrochemical industry and chemical industry
today is experiencing a period of rapid develop-
ment, which is for European companies in this sec-
tor an enormous challenge in maintaining markets
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duction and further extended value chains of Polish
companies in the oil, gas and chemical industries.
Extending the portfolio by attractive specialty prod-
ucts requires increased outlays in research and
development.

Products of the petrochemical sector are mainly
used in all economic sectors, being simultaneously
present in all households in Poland. The increase in
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consumption of chemicals and plastics, manufac-
tured on the basis of olefins and aromatics produced
in petrochemical complexes, is highly correlated
with the rate of economic growth. It is expected that
Polish economy will gradually catch up in this regard
with Western European countries, which in turn will
mean that, in future years, the demand for the prod-
ucts of the petrochemical sector in our country will
grow dynamically.

The current consumption of petrochemical
products per capita in Poland is significantly lower,
as compared to Western European countries. The
level of consumption in such countries as Germa-
ny, France and the Netherlands is on average 2.5 to
3-fold higher. This factor reflects the potential for fur-

propylene, benzene and butadiene, operate in the
market, they include: the Azoty Group, Synthos and
PCC Rokita.

The growth in demand for chemicals and plas-
tics that has taken place in the recent years, how-
ever, has not been accompanied by adequate devel-
opment of the national resource base. This resulted
in a significant deficit in foreign trade. According to
the CSO data, in 2013 alone, the deficit increased by
PLN 0.5 billion, reaching the level of PLN 17.2 billion.
The high level of dependency on imported feed re-
fers both to semi-finished products (e.g., propylene
or butadiene) and products (e.g., polyethylene and
polypropylene). Lack of investment leading to the
expansion of domestic production facilities — in the

ther development of the market and shows its future
absorption capacity.

In Poland, there is now one petrochemical com-
plex, in Plock, controlled by PKN ORLEN. The raw
material base manufactured there for the petro-
chemical sector is then partially processed by the
ORLEN Group. However, a number of other enti-
ties, consuming significant volumes of imported

face of growing demand for chemicals and plastics
in Poland — will further deepen the deficit in foreign
trade.

Internal market, characterized by high and rap-
idly rising demand - largely covered with imported
articles — is a great opportunity for the Polish com-
panies. Its use, however, requires investment in new
production capacity and construction of installa-
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tions producing semi-finished products for further
processing.

Raw material as the basis
for the development of
petrochemical sector

The basic raw materials in the petrochemical
sector are derivatives of crude oil and those related
to natural gas extraction. Geographical disparities
between prices of raw materials are the main factor
which determines the concentration of petrochem-
ical production in the area. Historically, the Middle
East was the region characterized by high availabil-
ity of hydrocarbons, cheap in exploitation. Therefore,
it is this region of the world that was called the fu-
ture of the petrochemical industry.

Despite the significant increase in oil production
in Poland in 2013, the internal production still cov-
ers a minor part of the demand of domestic refiner-
ies. The lack of own significant oil reserves, however,
is compensated by high efficiency of Polish refiner-
ies being beneficiaries of the Urals-Brent price dif-
ference. This leads to a situation in which, despite
the absence of their own oil, domestic refineries are
able to offer for the market competitive derivative
products, such as naphtha or LPG. These, in turn, are
the primary feed raw material in the petrochemical
industry.

Analysis of the Polish trade balance clearly indi-
cates that despite the surplus of naphtha, our coun-
try is a net importer of produced olefins which are
the basic feed raw material for further processing,
for example to produce plastics. What is more, insuf-
ficient domestic production of ethylene, propylene
and butadiene, inhibits the development of the en-
tire chemical sector.

While oil is sold on an open, highly competitive
market, the access to olefins is limited. Polish chemi-
cal companies are therefore forced to import them,
thereby making themselves dependent on external
entities and price fluctuations on international mar-
kets. Basing the investment on imported feed raw
materials, in turn, makes it difficult to extend value
chains and expand the portfolio of innovative spe-
cialist products.

Revolution of obtaining gas from shale forma-
tions taking place in the United States has changed
the global balance of power. The spread of the use
of hydraulic fracking resulted in a significant in-
crease in the U.S. natural gas production. Along with
it, production of heavier fractions increased: ethane,
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propane and butane. Large availability of raw mate-
rials, with simultaneous export restrictions, resulted
in decline in their prices. Unexpectedly for all, the
United States has become one of the most attrac-
tive regions in the world for petrochemical produc-
tion location, due to the availability of cheap raw
material.

The increase in supply and decrease in prices of
hydrocarbons from unconventional sources have
increased the profitability of the operation of the
U.S. refineries which was converted to an increase
in production capacity of gasoline — so far im-
ported, e.g. from Poland. In the long term, it could
mean loss in the market for naphtha manufactured
at LOTOS Group, currently sold as an intermediate
product for further processing. As a result, it is nec-
essary to take steps to use the own surplus of mate-
rial. The most obvious is its use as input raw material
in petrochemical installations.

Cheap raw material is
one thing. Development
requires innovation

As the example of BASF activities in the German
market shows, even the lack of access to cheap, do-
mestic raw materials can be compensated by simul-
taneous closeness of a receptive market and being
present in segments of specialized and innovative
products, characterized by above-average margins.
Introducing a new product on the market, how-
ever, involves big expenses for research and de-
velopment, which is a long-term investment and
not giving a guaranteed payback. The example of
BASF may be inspiring, their global expenditure on
research and development in 2012 amounted to
about € 1.7 billion. In the same period, the total ex-
penditure in this area in Poland amounted to about
€ 3.5 billion.

Investment in research and development which
allow to create new, specialized products and
go down into the depths of the value chain, e.g.
through the creation of specialized research centers,
are becoming increasingly important for the Polish
companies. This direction allows to move away from
the production of bulk products — low margin by na-
ture. The forerunner in this field is Synthos company
which intensively expands their own R&D center.

Expansion of production capacity, for example
caprolactam in China, today makes the Azoty Group
process this raw material into a more advanced form

— polyamide 6. It can be expected that the current

trend for existing customers to become independ- —
ent from imports will continue, and hence — Polish I
chemical companies exporting their products will —
have to be even more competitive. [E—
Adopting bold development activities would
not only allow Polish companies to expand into
new markets, but also allow them to retain the cur-
According to the EIA data of 2013,
Gazprom, the Russian monopolist
in the export of gas, supplied
about 154 billion m? of gas to the
EU countries, whereas the total
consumption in the EU amount-
ed to 462 billion m?,
rent international competitiveness in the domestic
market and defend the national one. In the face of
intensively growing production capacity in devel-
oping countries that slowly become producers of
advanced products, once being suppliers of raw
materials, the pressure on efficiency continues to
grow.
The experience of Western European coun-
tries, however, shows that even in spite of the dif-
ficult regulatory environment, lack of own energy
resources and high cost of energy, it is possible to
remain competitive. By accessing and knowing the
local markets, own raw material base and success-
fully conducted research, Western companies retain
their leading positions in their respective industries,
while intensifying their presence in new areas of
business. It seems that this business model can be
an inspiration for the Polish companies to build a
strong market position.
Tomasz Barariczyk, Partner, Tax
& Legal Consulting, PwC
Wojciech Stowiriski, Partner,
Business Consulting, PwC
Jacek Ciborski, Deputy Director,
Business Consulting, PwC
Grzegorz Kus, Legal Advisor, Tax
& Legal Consulting, PwC
Maciej Chyz, Junior Manager, Marketing
and Business Development, PwC
Maciej Szumieluk, Consultant,
Business Consulting, PwC
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Przedsiebiorstwo Eksploatacji Rurociggow Naftowych ,Przyjazn”S.A.

PERN ,Przyjazn” S.A. is a dynamically developing Group of Companies, which in-
cludes five subsidiaries companies besides PERN ,Przyjazn” S.A.: OLPP Sp. z 0.0,
NAFTOPORT Sp. z 0.0, CDRIA Sp. z 0.0, PETROMOR Sp. z 0.0. and Siarkopol
Gdansk S.A. The Group also includes Miedzynarodowe Przedsiebiorstwo Naftowe
SARMATIA Sp. z 0.0. — a study company established to examine profitability of de-
velopment of the Euro-Asian Qil transportation Corridor. In total the Group owns
over 3.0 million m?® of storage capacity for crude oil and 1.8 million m? for liquid
fuels. It also manages the sea terminal handling 34 million tonnes of crude oil
per year. It also provides services within transport, handling and storage of crude
oil, reloading, blending of fuels as well as laboratory research into petroleum
products.

PERN ,Przyjazn” S.A. — dominant company within the Group, is 100% owned by
the Treasury. It was established in 1959 in order to transport crude oil from Russia
to Poland and East Germany. The Company operates directly a network of over
2.5 thousand km of crude oil and product pipelines.

The Company’s basic task is to operate the network of pipelines transporting Rus-
sian crude oil for the biggest producers of fuels in Poland and in Germany. This
services is provided via ,Friendship” pipeline, running from Adamowo (located at
the border of Poland with Belarus) to Ptock, and then to Schwedt in Germany. Po-
merania Pipeline, connecting Ptock with Gdansk, also plays an important role in
providing Polish refineries with crude oil, and it allows us to transport crude oil
in both directions. Crude oil may be pumped to Gdansk Naftoport, and then it is
exported by tankers. This pipeline also allows us to provide Polish and German re-
fineries with crude oil originating from other directions than,Friendship”pipeline.
In consequence this means ,sea” supplies, their handling at Naftoport and them
pumping crude oil towards Ptock.

Besides the network of crude oil pipelines, PERN ,Przyjazrn” S.A. also owns a net-
work of product pipelines, used for transporting liquid fuels produced by refiner-
ies. This network radiates from Ptock towards Warsaw, Poznan and Czestochowa.

An extremely important service — for our country’s energy security, provided by
PERN,Przyjazin”S.A. is crude oil storage. The Company owns three tanks farms: in
Adamow, Ptock and Gdansk, equipped with tanks capacities from 32 thousand
to 100 thousand m”.

Przedsiebiorstwo Eksploatacji Rurociagéw Naftowych ,Przyjazia” S.A.
ul. Wyszogrodzka 133, 09-410 Ptock, POLAND

phone: (+4824) 266 23 00 e-mail: zarzad@pern.com.pl
fax: (+4824) 266 22 03 www.pern.com.pl
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Hazard identification and risk assessment in the oil and gas sector

Hazard |dentification
and Risk Assessment

T he goal of the analysis is collection of informa-
tion essential to make decisions concerning the
estimate of the level of risk related to the operation of
the object/process. For some installations and devic-
es, the EU directives require risk analysis. If it is at least
at tolerable level, it means that the requirements in

The qualitative methods
used in risk assessment con-
sist in estimating the prob-
ability and the level of effects
for identified hazards, based
on expert evaluation.
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respect of staff safety, appropriate operation of the
installation and safety of the natural environment are
satisfied. In some cases, performing the risk analysis is
not imposed by the law and it is not obligatory, how-
ever it is a good engineering practice.

Methods of hazard identification and risk assessment
are in different various branches of industry and
petrochemical, maritime or extraction processes. DNV-GL

Hazard identification and risk assessment consists
of several logically related steps. At each stage, in an
orderly manner, risk analysis is made.

At next stages of risk assessment various methods
may be used - qualitative or quantitative depend-
ing on the type of object/process and client’s needs.
The selection of methods at each step of analysis de-
pends e.g. on: the goal of analysis, phase of the life
cycle of the object (e.g. design, approval, operation,
utilization), type of analyzed system, potential risk lev-
el, possibilities of combining the methods used with
available data, staff capabilities and availability, and
also definition of solutions which meet both the legis-
lative and standardization requirements. The division
of the methods of risk assessment into qualitative and
quantitative are presented in Fig. 2.

The qualitative methods used in risk evalua-
tion consist in estimating the probability and level
of effects for identified hazards, based on expert
evaluation, e.g. during the workshop with qualified
engineering staff participating in the process of in-
stallation design project or working on the installa-
tion which is at operational stage.

The most frequent methods used include e.g.
HAZID (Hazards Identification), HAZOP (Hazards and
Operability Study), Risk Ranking and also FMEA (Fail-
ure Mode and Effect Analysis).
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Fig. 1. Methodology for hazard identification and risk evaluation in industrial practice
In subsequent parts of the publication, qualita- vironment) and it consists in identification of hazards
tive methods were described as used in industrial which may occur while the installation is operating.
practice by DNV GL most often. An additional scope may be ranking of the risk whose
aim is to analyze the risk during the workshop and
compare the risk values (evaluation) for particular
. hazards with previously defined criteria values.
Hazard and Operablllty Hazards with critical or high risk require project
changes (Fig. 3).
StUdy (HAZOP) The result: a report in the form of spreadsheets
and a list of recommendations which aim at reduc-
Essential documentation: technical diagrams tion of the risk involved in identified hazards to at
and P&ID (Pipe and Instrumentation Diagrams), de- least a tolerable level.
tailed technological description and operational
procedures.
Steps of analysis: the HAZOP method divides the
installation into logical fragments making a coher- Failure Mode and Effect
ent whole. The fragments of the installation are sec- .
tions and junctions whose selection and division is AnaIVSIS (FMEA)
made by an engineering team — specialists in a spe-
cific field. The analysis is made for defined key words Essential documentation: Diagrams of the in-
and special criteria (safety of people, installation, en- stallations analyzed, e.g. electrical, monitoring, au-
27
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Fig. 2. Division of risk assessment methods into qualitative and quantitative
tomation and 1/O systems, calculations and descrip- the identified maximal acceptable damage (defined
tion of operation relating to particular systems and by the investor).
components. The result: the report contains detailed analysis
Steps of analysis: the FMEA method consists in of each system and recommendations on chang-
division of the installation into systems and compo- es aiming to streamline the project with relation to
nents.For the identified systems and components identified maximal acceptable damage (defined by
analysis is made of the effect of a single failure on the the investor).
correct operation of the whole system in relation to Quantitative methods specify the probability val-
ues and the scope of effects for specific single ac-
tions, entire identified scenarios, as well as for the
whole enterprise.
0 The methods used most often comprise e.g.: the
R . k . Event Tree Analysis (ETA), the FTA method (Fault Tree
IS | I |atr|>< Analysis), HRA (Human Reliability Analysis) and also
quantitative methods QRA (Quantitative Risk Analy-
sis) based on identification of the Safety Integrity Lev-
o r' el (SIL).
. Anticipated result of risk evaluation for particular
o medium elements of the process or installation is increased
§_ process reliability, lower risk of critical failures, in-
L creased safety of the staff and reduced negative ef-
g medium fect on the enwronmen't. ' '
DNV GL has extensive experience in respect of
- S conducting risk evaluation by the following methods:
» FMEA for the maritime sector objects
medium equipped with Dynamic Positioning, RPS,
J RP, Fire&Gas, Topside and Subsea systems.
-J « HAZID and HAZOP for objects in petro-
Low Medium High chemical, food and extraction sectors.
A
L Hazard effects J - Analyses are conducted based on specialist soft-
ware developed by the DNV GL company, e.g. MA-
ROS, and they depend on the availability of neces-
Fig. 3. Risk evaluation shown in a diagram sary data. n
28
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—— Dysfunctions of fuel injection system

ZBIGNIEW STEPIEN

32

I n the result, the need to meet more and more
restrictive regulations in the future in respect
of successive reduction of permissible limits of
emission of harmful fumes and CO, from diesel
engines will be directly connected and condi-
tioned by further development of more and more
precisely operating high-pressure fuel injection
systems.

Problems with residue in
fuel injection systems

Widespread use of diesel engines with indirect
fuel injection in passenger cars (in the 1980s) re-
vealed a problem with coke formation on the fuel
injector nozzle, which has a negative effect on the
engine’s operational parameters and properties, in-
cluding more difficult start-up, reduced power, high-
er smoke volume and increased fuel consumption
and emission of harmful exhaust fumes.

Coke formation is the process of depositing a
carbon residue on the surface of the nozzle. In pin-
tle type nozzles, the deposit forms between the pin
of the nozzle, its body and the seat and they are po-

Low residue — a serious problem

Everyday life practice confirms the fact that precisely working high-
pressure fuel injection systems of the Common Rail type (HPCR - High
Pressure Common Rail) used in modern diesel (self-ignition) en-

gines play an essential role in reducing the emission of harmful ex-
haust fumes and fuel consumption. They also enable optimization

of the engine’s operational parameters, depending on the needs.

tential source of adverse changes in the engine’s
performance [1] - Fig. 1.

Progress at the expense
of more problems

In the mid-nineties of the 20th century, wide-
spread use of engines with direct fuel injection
brought rapid development of high-pressure fuel
injection systems. Among them, in the subsequent
years, the HPCR systems gained the most popularity.
However, also in this case a problem appeared in con-
nection with formation of external coke deposit accu-
mulating in the ducts and around the outlet orifices
in multiple-hole nozzles. In engines with direct fuel
injection the nozzle cups go directly into the engine
combustion chambers so they are exposed to tem-
peratures of several hundred degrees Celsius. There-
fore, the nozzles have to guarantee the appropriate
timing and duration of the opening and injection of
the fuel to the combustion chambers. When closed,
the system must be completely sealed as leaks might
have an adverse effect on the emission of harmful en-
gine fumes and increase the fuel consumption and
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Fig. 1. Coke residue on the front surface of the pintle nozzle: a) front surface of the nozzle with protruding pintle tip,
b) deposit around the fuel outlet orifice, ¢) deposit on the nozzle pintle tip

they might lead to coke formation and distorted fuel
spray injection from the orifices.

The phenomenon of coke formation or blocking
the injector nozzle may be additionally accelerated
by some properties of the fuel and high nozzle cup
temperatures which may reach about 300°C. Observed
carbon and coke deposits around the nozzle holes in
HPCR systems are more granular in nature than those
appearing on injector nozzles of older generation en-
gines (with indirect fuel injection).

Testing the mechanism of coke formation dem-
onstrated that the coke accumulates in time, creating
thicker and thicker deposit around the orifice. Its lo-
cation also indicates that in certain time intervals, de-
pending on the fuel composition and conditions of
the engine performance (mostly — the temperature of
the nozzle section which is inside the engine combus-
tion chamber), the part of the coke deposit directly ad-

jacent to the orifice edge crumbles and is replaced by
fresh residue. It should be remembered that in engines
with indirect fuel injection, the type of applied nozzle
has a great impact on the volume and pace of coking
on the injector nozzle. Whereas in engines with direct
fuel injection it is the fuel that plays the key role in for-
mation of the coke deposit [1, 2, 3] - Fig. 2.

In subsequent generations of HPCR fuel injection
systems the maximum injection pressure gradually in-
creased (from 135 MPa up to over 200 MPa) and great
emphasis was put on the shape of the fuel injector
outlet ducts. Reduced was also the diameter of the
fuel outlet orifices, which served the purpose of bet-
ter dispersion and preparation of the combustible mix-
ture in the engine cylinders. In the result, very precise
conical injection ducts are made (the outlet orifice is
0.05 mm to 0.12 mm in diameter) by means of electri-
cal discharge machining. For a better, more stable fuel

33
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Fig. 2. Coke residue on injector cup in the HPCR system: a) coke residue disintegrating around the fuel outlet orifice,
b) crumbling of the coke around the fuel outlet orifice

injection, the duct inlet edges are rounded by means
of flow grinding with the use of special fluid, that is by
electrical discharge machining.

While introducing new injector constructions it
was considered that the shape of the injector cup,
fuel injection pressure as well as conditions of the en-
vironment to which the fuel is injected and its proper-
ties are decisive factors which affect the technical in-
jection parameters, whereas the geometry of the fuel
outlet orifice determines the processes of turbulence,
cavitation and spatial distribution of the fuel stream
rate inside the injector. The application of conical out-
let ducts in injectors allows to increase the velocity
of the fuel stream and its momentum, which signifi-
cantly enhances the spraying quality and contributes
to better blending of the fuel and air in the combus-
tion chamber. However, all the structural and techno-

Roughly since 2008, the inci-
dents of failures in HPCR sys-
tems — and also in the engines
— have alarmingly increased in
the world.
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logical solutions mentioned above may not produce
expected results due to residue arising on the walls of
the injector ducts owing to bad fuel quality. Ever in-
creasing accuracy of manufactured fuel injectors and

the need for their more and more precise action in-
volve serious problems which affect appropriate in-
jector operation [2, 3, 4].

Low residue — a serious problem

Roughly since 2008, the incidents of failures in
HPCR systems — and also in the engines — have alarm-
ingly increased in the world. It turned out to be con-
nected with the formation of residue on the internal
elements of the HPCR systems. Performed chemical
analyses proved the residue composition to be dif-
ferent from that of the coke deposits in ducts and on
edges of injector outlet orifice examined so far. It has
also been found that the factors responsible for aris-
ing of this new type of deposit, called Internal Diesel
Injector Deposit (IDID) and conditions responsible for its
growth are completely different from those typical of
coke deposit [4] - Fig. 3.

In the currently used HPCR systems the pressure
of fuel injection reaches 220 MPa and the quantity
of dispensed and then injected fuel — considering
a passenger car engine of cylinder capacity about
2 dm?® - can range from 1 mm? (initial pilot dose) to
40 mm? (the dose at full engine load). Simultaneously,
the time of injecting the fuel dose is 1-2 milliseconds,
which in the case of multiple injection strategy (with
many phases) means performing up to 10 000 in-
jections per minute [5]. Still, these are not the peak
possibilities of fuel injection systems as the fastest
electromagnetic injectors applied reach the open-
ing time equal to 0.303 ms and more and more of-

THE POLISH PETROLEUM AND NATURAL GAS MARKET 2014



O OIlL: exploration, extraction, sales 0O O O

ten piezoelectric injectors are used with opening
time of 0.1 ms. Considering the operational param-
eters of the injector described and very high perfor-
mance accuracy required (the space between the
injector housing and cylindrical, guiding part of the
pin which moves in it is approx. 1 um) in connection
with very high fuel injection pressures, all kinds of in-
ternal deposits on the surfaces of collaborating ele-
ments have harmful effect on the operation of the
whole team. Injectors must guarantee proper timing
and duration of the opening and fuel injection to the
combustion chambers. When closed, they must be
completely sealed as leaks might have an adverse ef-
fect on the emission of harmful engine fumes and
increase the fuel consumption. They might also lead
to coke formation and distorted fuel spray injection
from the sprayholes.

For the surface which seals the head of the
injector’s housing to be reliable and capable of pre-

venting fuel injector leaks, the deviation of its shape
cannot exceed 1 um.

IDID slow down the injectors’ operational rate (the
so-called overdrive time) and they cause sticking to-
gether (immobilize) of the cooperating working ele-
ments, which leads to losing control not only in quan-
titative and qualitative fuel dosing, but also the dose
distribution and duration of the spray. IDID also lead
to uncontrollable disruption in the parameters of oscil-
lating pressure of multi-phase fuel injection by depos-
iting on the electromagnetic armature and anchors
which control the fuel flow in injectors. In practice, this
results in more difficult engine start-up, its unsteady
work — both in neutral gear and while the vehicle is
moving, uncontrolled power shifts and changing
engine’s torque, even its unexpected stoppage. In the
result, it has a bad impact on the fuel consumption val-
ues and it increases the emission of harmful fumes to
the atmosphere.

INTERNAL RESIDUES

Surface of solenoid valve

‘_ -

Piston of control valve

fr—

Needle of the nozzle

EXTERNAL RESIDUE

4

Nozzle orifice duct

Nozzle orifice outlets

Fig. 3. Injector cross section in HPCR fuel injection system with marked areas of internal and external deposits: 1. solenoid
valve spring, 2. control valve, 3. fuel discharge channel, 4. fuel distributor control plunger, 5. injector pin, 6. injector orifice,

7. injector’s initial chamber
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— The IDID-related hazards to the correct operation but also various impurities (even in quantities below
I of the HPCR system result from reduced performance 1 ppm) which get into it accidentally both during fuel
— dynamics of the internal working elements in injectors production and transport, and the quantity and qual-
[E— or their complete sticking together, leading to hydrau- ity of FAME contained in the fuel, engine performance
lic dysfunction of the injectors’ operation. In the case conditions, etc. Moreover, the physical character of the
of external coke deposits, the risk results from partial deposits may vary as they may be metal salts or ash
or entire obstruction of the fuel outlet at the injector’s free composites [2, 4, 7, 8]. The critical conditions in
which IDID may be arising are not known.
As a result, the discovered (based on performed
tests and simulations) factors and conditions which
. . determine the IDID formation comprise:
With reference to changes in . fuel-related factors:
composition and techno|ogy of » sulfur content in the fuel (the lower the content,
produced fuels, the increasing— the greater probab'|||'ty olelDformann), '
» content of base originating from hydrocracking,
Iy common use of low sulfur » content of compounds of low molecular mass
diesel and systematically in- (slightly soluble in low sulfur diesel),
. . . » content of aromatic hydrocarbons,
creasing admixture of biocom- » content of acid,
ponents led to a more intense » content of polar substances (additives) contain-
formation of deposits on the ing Nand 5, .
) » content of inorganic ions Na, Ca, etc,,
internal surfaces of pump ele- » quantity, type and quality of biocomponents
ments and injectors in the contained in the fuel;
HPCR systems. « connected with fuel additives:
» content and type of corrosion inhibitors,
» content and type of lubricating additives,
» content and type of detergent additives,
orifice, which affects the quantity and quality of the » content and type of additives which increase
fuel sprayed in the engine combustion chambers. As the cetane number,
tests carried out in several research centers [6, 7] dem- » content and type of defoamers;
onstrate, the IDID formed also in former generations
of injection systems, i.e. with distributor pumps and « mechanical:
even in-line injection pumps, but they had no effect » high pressures and temperatures in HPCR-type
on their correct functioning on account of low thick- systems,
ness of created layers and greater performance toler- » small and successively decreasing tolerances in
ance between the movable working elements, partic- performance of cooperating elements,
ularly injectors. » extremely small spaces between the key ele-
ments of pressure-related working components
of injectors,
. » multiple (multiphase) single-dose fuel injection
What factors facilitate the which makes the injection system very sensi-
. . . tive to disturbances in work dynamics of the key
formation of internal deposits? working elements
Performed IDID tests permitted hypothetical as- With reference to changes in composition and
sumption of several mechanisms for creating the de- technology of produced fuels, the increasingly com-
posits, however each of the mechanisms requires mon use of low sulfur diesel and systematically in-
further testing in order to be verified and ultimately creasing admixture of biocomponents led to a more
confirmed. This results from substantial complexity of intense formation of deposits on the internal surfaces
the factors and conditions which may have an impact of pump elements and injectors in the HPCR systems.
on the initiation and then formation of the deposits. It Also, successive implementation of new technologies —
has been established that this has an effect not only particularly in the HPCR systems — revealed their great
on the specific fuel composition and additives used susceptibility to dysfunctions and damage caused, e.g.
36
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by insufficient effectiveness of detergent additives for
this type of construction, sufficiently effective to keep
them clean and clean up the coke deposits in the
ducts and injector's spraying cups, but ineffective in
the case of IDID.

In modern fuel injection systems, the fuel flowing
through them is used as lubricant. Currently produced
types of diesel contain various acid components. Un-
saturated fatty acids of various degree are commonly
used as lubricating additives. As demonstrated, such
acids easily react with ions of metals which act as fuel
impurities, forming soap and deposits. For example,
the soaps of fatty acids containing zinc lead to forma-
tion of coke deposits which block the outlet orifices

in injector spraying nozzles. It has long been known
that carboxylic salts and polar compounds of low mo-
lecular mass dissolve with greater difficulty in the low
sulfur diesel oils than in the high sulfur types used for-
merly. That, in combination with conditions prevailing
in injectors in the HPCR systems accelerates the for-
mation of internal deposits. For instance, sodium soaps
of fatty acids are slightly soluble in diesel oil so they
may increase the tendency to create internal deposits
in injectors.

The increasing share of FAME in diesel oils has an
effect on the increased sodium content in the fuel be-
cause this metal is a component of typical catalysts
used in reactions of transesterification. FAME included

Fig. 4. Deposits of soap which contains metallic ion (mostly sodium or chloride soaps of fatty acids): a) lower surface of
solenoid valve piston which controls the fuel flow, b) the view of solenoid valve piston with enlarged surface of the mush-
room valve (c)
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Fig. 5. Viscous, wax seal polymeric organic or amide deposits: a) upper surface of the body of solenoid valve piston con-

trolling the fuel flow, b) injector spray pin

in diesel oil may additionally speed up the formation
of IDID due to acid contaminants contained in them
and those arising in FAME production and also those
formed in autocatalytic division of fatty esters with
metal ions taking part. Deposits created in this way
may make the surfaces of movable elements stick to-
gether [2, 4, 7, 8] and accelerate corrosion.

In the USA, Denmark and France it has been ob-
served that sodium salts, usually in the form of nitrites
(NaNO,), used as corrosion inhibitors in fuel transmis-
sion pipelines, already at the fuel content > 0.1 mg/kg
may react with fatty acids used as lubricating additives,
creating sodium soaps of fatty acids [6]. Similarly, sodi-
um chlorides used as drying factor in the production of
diesel oil may get to the fuel at the stage of its produc-

tion and create soaps in combination with fatty acids,
precipitated as IDID. In general, sodium soaps of fat-
ty acids are slightly soluble in diesel oil, therefore they
easily separate from it and stick to the internal surfaces
of working elements of the fuel injection system com-
ponents in the shape of white-grey deposit - Fig. 4.

In the European countries, more frequent is the
IDID created from organic polymers, the shape of vis-
cous, brown wax seal covering the internal surfaces of
the HPCR system elements and its chemical composi-
tion is completely different from that of the soaps con-
taining metallic ion. The composition of the deposit
is free from the metallic ions. They arise in reaction of
detergent additives commonly used in diesel oils in
the form of PIBSI (polyisobutylene succinimide) with for-
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mic acid, corrosion inhibitors or lubricating additives
which constitute monomers or dimers of fatty acids.
Particularly prone to formation of the deposits is PIBSI
with high content of primary amine in interaction with
dimers of carboxylic fatty acids. The deposits created
are insoluble in generally used organic solvents, which
makes their analysis and determination of their chemi-
cal structure extremely difficult.

Tests carried out recently also point to the possibil-
ity of IDID formation from the products of fuel oxida-
tion. Such products may occur specifically in the case
of unstable diesel containing FAME or they may origi-
nate from the ageing of ester fatty acids in the lubricat-
ing additives [2, 4, 7, 8] - Fig. 5.

Summary

The problem of damage in HPCR-type fuel injec-
tion systems due to IDID formation acquires more and
more significance globally, while the knowledge relat-
ed to the mechanism of their formation and compo-
sition is still unsatisfactory. Engine failures connected
with described dysfunctions of fuel injection systems
are encountered all over the world and their number
has been rising fast recently.

Engine manufacturers and car users, as well as fuel
manufacturers, more and more often turn to various
research institutes requesting their advice on solving
this kind of problems. The hypotheses made so far re-
quire further, comprehensive testing in order to be
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Stimulation treatment design in injection wells

1
I—
I—
— ective management O waste
absorbency of injection wells
— ELzBIETA BiAry
An important issue in many oil and gas mines is management of
waste water, that is mine waste and deposit water extracted along
with oil and natural gas in the production process. One of the man-
agement methods is injection of the waste water into unproduc-
tive absorptive horizon through specially selected injection wells.
A [though this method has its unquestionable mer- zone. Preparation of technology to restore or increase
its as it is simple, successful and cost-effective, the absorbency of the injection well requires numer-
some complications may occur in its application. In ous preparatory tasks, like e.qg.:
the result of pumping large volumes of waste, in time, « analysis of the reasons for absorbency loss in the
difficulties may appear with maintaining absorbency, wells selected for injection,
which is caused by clogging of the near-well zone. In- « indication of an appropriate type of stimulation
tensification of this phenomenon may completely ex- treatment,
clude the wells from operation. « selection of technological fluids and chemical
additives to improve the declogging of the near-
borehole area,
« laboratory tests which allow to select appropriate
Solid particles introduced to the components for the treatment fluid,
porous medium cause physical o tests for effectiveness of damage removal with
h i & v the use of core flow tests,
F: anges.m S SO, re ucmg « analysis of obtained results and development of
its porosity and permeability, which special guidelines for industrial application.
finally reduces the well absorbency.
The process which leads to such
changes is called colmatage. Analysis of the reasons for
absorbency loss in wells selected
for injecting the waste water
The appropriate solution to the problems may be
suitably designed, prepared and performed stimula- An essential factor for the effectiveness of the pro-
tion treatments whose task is to clear the near-well cess of injecting the waste water is the permeability of
40
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the near-well zone and the physicochemical state of
injected brine, and particularly the presence of clog-
ging components [3, 5, 71.
The phenomena of negative impact on the opera-
tion of the absorptive well comprise:
« insufficient cleaning of injected de-
posit waters of substances clogging the
near-well area and reducing the deposit
absorbency,
« liberation of products of reaction between
injected water and the absorptive layer,
« formation of emulsion in the near-well
zone,
« liberation of gas from the injected water,
« proliferation of microorganisms.

Solid particles introduced to the porous medium
cause physical changes in the medium, reducing its
porosity and permeability, which finally reduces the
well absorbency. The process which leads to such
changes is called colmatage or clogging.

The factors responsible for colmatage are:

 suspensions and residues made up of rock
material (loam, rock grains, sand, dust, col-
loidal silica), mechanical contaminants, iron
and manganese oxides and hydroxides origi-
nated and precipitated from the solution
during chemical and physical changes oc-
curring in production and storage of deposit

« methanol - may cause precipitation of salt

water;

« ions of metals, particularly iron and manga-
nese. As a result of changed physicochemical
parameters induced by processes connected

residue from the deposit water. This phenom-
enon can be observed particularly in water
with significant volume of calcium and sulfate
jons or hydrogen sulfide.

with production, storage and repeat injec-
tion to the deposit such as: changes in pres-
sure and temperature, degassing, changes in
pH and changes in electrochemical potential
and also admixture of various chemical sub-
stances — it is possible that these metals will
create suspensions and colloidal solutions or
—in the ionic form — will take part in compli-
cated processes that occur in the deposit;

e carbonate and bicarbonate ions, and — to a
lesser extent — also sulfate ions. These ani-
ons, in combination with considerably high
content of calcium may, in conditions of in-
creased alkalinity or temperature, cause pre-
Cipitation of calcium carbonate. When soluble
barium compounds are present in confined
groundwater, the presence of sulfate ions will
lead to precipitation of barium sulfate which
is insoluble and impossible to remove;

In order to analyze the reasons for loss of absorben-
cy of injection wells it is vital to know the mineral com-
position of both the water pumped to the injection
wells and also deposit water. Essential parameters are
also the pH rate and oxidation-reduction potential Eh.
The known value of these parameters, together with
the knowledge of general water mineralization, allows
to predict the conduct of the components of hydroge-
ochemical components of the environment. The tool
which allows to determine the influence of changes in
the main parameters describing water on the process-
es of precipitation of residue and solving minerals and
changes in corrosion properties is the AquaChem soft-
ware. On the basis of information on chemical compo-
sition of the native deposit water and injected water,
simulation may be performed of the processes which
occur when they are mixed [2].

Apart from the factors described above, the dam-
« oil-derivatives which may form emulsion with age of the near-borehole zone is accelerated by such

water, blocking the porous structure of the phenomena as:
interceptor; o loam migration,

41
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— « migration of particles,
L1 - salt bridge,

1

— e water blOCk,
[ » changed wettability.

Methods of increasing
the well absorbency

The basic methods of increasing the well absorben-
cy are:
« mechanical removal (drilling) of loam par-
ticles and residue, which are mainly prod-
ucts of corrosion (mainly iron (Il) sulfides)
and secondary mineralization (aragonite,

42

] calcite, silica, gypsum, anhydrite, etc.). The

effects of this method are short-lived, they
last only several months;

¢ acidation;

« hydraulic fracturing;

« application of chemical inhibitors — modi-
fication of pH value of the drilling waste in
order to reduce or prevent precipitation of
secondary minerals and corrosion in the
borehole and its vicinity, and also in instal-
lations on the ground [9];

« cleaning of the borehole.

The method which ensures long-lasting and suit-
able effects is acidization by performing the following
stimulation treatments:

« “acid bath”
e matrix acidization,
« deep acidization.

“Acid bath” is an operation of treating the bore-
hole with acid in order to remove contamination from
the walls of uncovered horizon. The goal of the treat-
ment is to dissolve some compounds and change the
consistency of the residue accrued in the borehole. It
should be preceded by cleaning the borehole bottom
and pipes. If not cleaned before the acidizing, the pro-
cess may lead to the loss of permeability of the near-
well zone, greater than before the treatment, as loos-
ened due to acid operation insoluble residue particles
are pumped into the deposit where they settle, block-
ing the pores and small fractures. Acid baths are also
performed before the main acid treatment, in bore-
holes operated for extended periods, with corrosion
products accumulated, such as oxides, hydroxides and
iron (I) sulfides which, along with the pressure fluid
injected into the deposit may significantly reduce the
permeability of the near-well zone.

The residue contained in the boreholes is usually
slightly soluble in acid and therefore, for performing
acid bath treatment acid concentration of 10+15% is
used, and with substantial contamination the concen-
tration increases to 20%.

For cleaning boreholes contaminated with corro-
sion products 2+3% acetic acid is added to the so-
lution of hydrochloric acid. At present, the chemical
companies offer also special fluids for cleaning the
bottom of the borehole and the pipes before treat-
ment. They are usually a mixture of surfactants, sol-
vents and acids.

The method commonly used for removing dam-
age or increasing the permeability of the rock in the
near-well zone is matrix acidization. This is a treatment
which removes the damage in the vicinity of the bore-
hole in the range of several dozen centimeters. It aims
to inject the acid to the well at injection pressure lower
than the fracturing pressure. The basic mechanism of
acidization is known but in combination with deposit
conditions, such as e.g. heterogeneity of the deposit
and occurring minerals it is extremely complicated.
The most essential element in designing the treatment
is selection of appropriate treatment fluid.

Basic acids used for matrix acidization are:

« hydrochloric acid (HCI),

« mixture of hydrochloric and hydrofluoric acid (HF),

e acetic acid (CH;COOH),

o formic acid (HCOOH),

« fluoroboric acid (HBF4) — less commonly used,
and for specific applications — various mixtures of the
acids mentioned.

The goal of acidizing is to trigger reaction beyond
the deposit rock and/or the material that occludes the
pores, in the result of which soluble salts will be creat-
ed. These compounds may be brought out to the sur-
face or shifted through the pores to a certain distance
away from the well. That is why the acids which create
insoluble residues in the reaction cannot be used in
the simulation. This group of acids comprises:

o HF (which may create insoluble CaF»),
« sulfuric H,504 (CaSO.Y),
« phosphoric HsPO,(Ca(PO.); ¥).

In general, using oxidizing acids like HNO; and
H,SO, is not recommended as they might react with
hydrocarbons. However, acids such as HCI, CH;COOH,
HCOOH create salts in reaction with carbonates, re-
spectively: CaCl,, Ca(CH;COOH),, Ca(COO),, which are
soluble in their exhausted solutions and in most de-
posit brines.

The acid which is most often used in stimulation
treatments is the solution of 15% HCl concentration by
weight, although the concentration may change from
5% to 35%. Hydrochloric acid, in reaction with deposit
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rock, dissolves limestone, chalk, dolomites and other
carbonates.

Acidization with HCl is based on chemical reac-
tion of the acid with carbonate rock or carbonate
intrusions in sandstone deposits or carbonate com-
pounds as components of the cement. Created in
the reaction of hydrochloric acid with carbonate rock
calcium and manganese chloride and magnesium,
they are soluble in water and easy to remove from
the deposit.

In sandstone rock with carbonate intrusion or car-
bonate binder, the hydrochloric acid may be used only
to increase the permeability of the near-well zone be-
cause in acidization of sandstone in which the volume
of carbonate binder is 10+20%, the acid penetrating
deep into the deposit carries the loose granules of
sand resulting from damaging the rock structure. The
sand may be carried out from the deposit along with
the fluid remaining after the reaction. The universal
use of hydrochloric acid is caused by its very good sol-
ubility and cost-effectiveness.

Another stimulation method is injection of acidiz-
ing fluid in the form of foaming solution into the well.
General recommendation for using the method is the
application in wells yielding low output but those

which at the initial stage were very effective and in
the wells in which classic acidizing did not produce ex-
pected results. Foaming may be obtained by means of
CO; or nitrogen.

The foam is produced by adding gas to the acid in
the presence of foaming agents. As a result of carbona-
tion a colloid is made in which the dispersed phase is
gas and the dispersion medium is the liquid. Stability
and quality of the liquid depends on the properties of
the foaming agents.

The positive effects achieved when using liquids
containing CO; are:

 protection of the loam particles from

swelling,

» hindering the precipitation of aluminium
and iron salts from the process fluid used
in the reaction,

2. I
Change in
wettability

3

solvent
+ surfactant

solvent
+ demulsifier
) ¢
Qil well

o

Temperature Temperature
< 250F > 250F

1 1

Acid + solvent
acid + surfactant

Acid
+ alcohols

]
Water
block

Anhydrous
acetic acid

TYPES OF DEPOSIT DAMAG

Residue

A. Carbonate CaCO,

Temp. > 250F hydrated acetic acid
Temp. < 250F HCI

FeCO, - HCl and sequestration agents

B. Sulfates

CaSO, - EDTA
BaSO, - EDTA
SrS0, - EDTA

C. Feresidue

FeS - HCl + reducer + sequestration agent

Fe,0, - HCl + EDTA

FeCO, - HCl + reducer and/or sequestration agent

7. Silt & loam
depending
on composition

5. 6. Organic
Organic & inorganic
residue residue

Aromatic Solvent
solvents + acid

i
i

D. Chlorides
NaCl + water - 1+3% HC|

E. Hydroxides
Mg(OH), - HCI

Ca(OH), - HCI
F. Silica
HCl + HF

Fig. 1. Method of treatment fluid selection depending on the type of deposit damage [1]
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e Table 1. Methods of removing the damage caused by
—— inorganic residue in the near-well zone [4]
Type of residue Treatment fluid type
carbonate (a0, HCl
(aS042H,0 EDTA*
sulfate
BaS04/SrS04 EDTA
chloride Nadl H,0/Hd
FeS HCl + EDTA
iron
Fe0; HCl + sequestration agent
silicate Si0, HF
hydroxide Mg/Ca(0H,) HCl

*EDTA - the abbreviation comes from the English name: ethylenediaminetetraacetic acid. It is a widely used complexa-
tion factor for many metal cations, such as Ca?*, Mg?* or Fe3*.

Table 2. General indications for the selection of treatment type
and fluid composition for sandstone and carbonate rock

Cleaning of the Deep Cleaning of the 2::5, a-
near-well zone penetration near-well zone P tion
Treatment fluid
Caboste| gy |Gtbnate| gy
tation | MM | tation | EMeEM
10-20% tation 10=20% tation
HCI 5--15% + corrosion inhibitor + surfactants X X X X
HCI 28% —+ corrosion inhibitor + surfactants X
HCl 5+15% + CH3COOH 2+-5% + corrosion inhibi- X X X
tor + surfactants
HCl 5+10% + HF 2=-5% + corrosion inhibitor + _ X _ X _ _ _
surfactants
HCI 8+15% + NH4F-HF (4--6% HF) + corrosion X X . . .
inhibitor + surfactants
Hydrophobic acid emulsion X
HCl 5+109% foaming CO, + surfactants + corrosion
. X X X X
inhibitor
HCl 5+-10% air-foamed + corrosion inhibitor X X X X
N ) )
HCl 15% foaming N, + surfactants + corrosion X q X q

inhibitor

Note:
— denotes prohibition to use the process fluid in specific geological deposit
X denotes indication for using the process fluid in specific geological deposit
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e maintaining gypsum and anhydrite dis-
solved in the water-based process fluid,

« additional increase in the deposit permea-
bility as a result of dissolving the dolomite,
limestone and silicates,

« time of reaction of the rock with acid
saturated with carbon dioxide is extended
and active acid may be injected into deep
strata of the deposit,

o the wells treated with carbon dioxide are
commissioned for production shortly after
the treatment.

Carbon dioxide may be used as foaming agent in
the liquid or solid shape, the so-called dry ice.

Foaming the acidizing liquid with nitrogen slows
down the reaction of the acid with the rock surface, by
the same achieving improved penetration of the acid.
Deep matrix acidization increases the acidizing span
to several meters” distance from the well.

Development of technological
liquid formulas for decolmatage
of the near-well zone

The selection of appropriate type of treatment lig-
uid is determined both by the type and sort of damage
but also the type of deposit rock.

Recommended type of treatment fluids for remov-
ing various kinds of damage in the near-well zone:

« inorganic residue — suggested chemical agents
for the treatments are presented in table 1;

Photo 1. Tanks for the process fluids and core samples
chamber

o organic residue — suggested treatment:
organic solvents;

o mixed residues — suggested treatment:
aromatic solvents or dispersion in acids;

» changed wettability — suggested treat-
ment: solvent injection following the hy-
drophilic surfactant;

» water blocks — suggested treatment: low-
ering the surface tension with acid + sur-
factant + alcohol;

e mud and loam - suggested treatment:
mixtures of HF/HCI.

Table 2 compares general indications for the selec-
tion of treatment type and fluid composition depend-
ing on the type of deposit rock.

Laboratory tests for preparation
of technological fluids to
remove the damage

The selection of appropriate chemical additives
for technological fluids requires checking their ac-
tion or conduct in combination with the basic lig-
uid and in reaction with the deposit rock. Therefore,
preparation of the formula for technological fluids for
removing the damage must be preceded by the fol-
lowing tests:

« test for the effectiveness of clay minerals
inhibition — selection of the most effective
agents,

Photo 2. Acid injection system (Quizix Pump)
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Photo 3. AFS equipment (Acidization Core Flooding Sys-
tem) for testing technological fluids on core samples
[
Photo 4. Core samples for flow tests
250
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a
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ko — initial permeability coefficient
ku - permeability coefficient after damage
kk - permeability coefficient after acidization
Fig. 2. Model measurement results of the core sample
permeability coefficients
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« test for the stability of the deposit rock in so-
lutions of clay inhibitors,

« test for compatibility of inhibitors of clay min-
erals with acids,

« tests for compatibility of acids with the re-
maining additives for the treatment fluid,
such as: stabilizer of iron compounds, corro-
sion inhibitors or agents reducing the flow
resistance.

Other tests that should be carried out are flow
tests on core samples (Photo 4) to evaluate the effec-
tiveness of developed treatment fluids. The tests can
be performed at research stands: ADS (Acid Delivery
System) or AFS (Acidization Core Flooding System) (Pho-
tos 1, 2, 3).

The tests are done according to the following
scheme:

1) Measurements of permeability coefficient and
porosity of the cores before the flow tests.

2) Damaging the cores by putting the injection wa-
ter through them.

3) Measurements of permeability and porosity coef-
ficients following the damage.

4) Acidizing the cores with developed technological
fluids and another measurement of permeability
and porosity coefficients after the damage has
been removed.

Based on the test results, the extent of damaged
core permeability is calculated and the percentage of
permeability retrieved after acidization, and then the
achieved results are analyzed and instructions for in-
dustrial application are developed. Model results of
such tests are shown in Fig. 2.

The devices shown in photos 1 and 2 make up a
research stand for Acid Delivery System where core flow
tests can be performed.

Model procedure of development
of treatment fluid composition
for injection well stimulation

Below, a model procedure is presented for devel-
oping the composition of treatment fluid for stimu-
lation in injection well whose deposit rock consist-
ed of limestone and dolomites. The deposit waters
contained mainly calcium chloride with a low con-
tent of iodine, maximal value to 27 mg/l. The brine
demonstrated high mineralization which was oscil-
lating within 92+128 g/I, and its specific gravity at
20°C was 1.087 g/cm?. After sampling of the mine
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water injected to the absorptive well, chemical
analyses were performed, labeling the compounds:
chlorides (Cl), sulfates (5O.4%), carbonates (COs%), bi-
carbonates (HCOs), iron (Fe), calcium (Ca), magne-
sium (Mg), potassium (K), manganese (Mn), silicon
(Si), sodium (Na) and stating the pH value, density,
ChZT ¢, dry remains, undissolved substances, and
also the remains after calcination. The chemical com-
position of injected waste water and simulation of
processes occurring when mixing the deposit water
with the water injected to the absorption well, per-
formed by means of AquaChem program, demon-
strated that colmatage of the near-well zone may
be caused mainly due to formation of deposits of
calcium carbonate and ferrous compounds. That is
why the chemical agents proposed as components
of technological fluids aimed to remove the com-
pounds. At first, several acidizing fluid formulas were
prepared whose effectiveness was to be verified in
flow tests on the core samples. Hydrochloric acid
and organic acids: acetic and formic acids were se-
lected as the basis for treatment fluids.

In comparison with HCl, organic acids in carbon-
ate rocks are depleted much more slowly. They also

www.naftoport.pl

have significantly lower corrosive properties than
those of HCI. Both acetic and formic acid may be
used in high temperature owing to their low corro-
sion properties. However, organic acids have certain
limitations. First, they cannot be used in high concen-
trations on account of low solubility of their calcium
salts. Therefore, to avoid precipitation of calcium ace-
tate and calcium formate they are used in the follow-
ing concentrations:

« acetic acid — maximal volume to 13% weight,

» formic acid - maximal volume to 9% weight.

Secondly, organic acids are characterized by low
dissociation constant. They do not usually react to to-
tal acid capability because they liberate CO, from the
dissolved carbonate. Thirdly, the volume of created
hydrons falls with increased temperature, and lastly —
the cost of organic acids is much higher than that of
HCl for the same mass of dissolved rock.

A very important thing in acidization is to maintain
the iron ions in the solution. Iron ions (Fe*") begin to
precipitate from the exhausted acid at pH equal to 4.
However, the ferrous ions (Fe’*) do not yield to precip-
itation. To prevent the precipitation of hydrated iron
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—— Table 3. Simulation results of removing the damage by
1 . e . .
waste water injection to the absorption well
Volume of injected acid Simulation
Treatment fluid type effect
5PV 2PV [%]
X 168.84
10% HCl + 0.5 g/l stabilizer of iron compounds + 0.5% corrosion inhibitor + 0.2% agent reducing
the flow resistivity
X 94.29
—
9% HCOOH + 0,5 g/I stabilizer of iron compounds + 0.5% corrosion inhibitor + 0.2% agent reduc- X
ing the flow resistivity L=
10% CH3COOH + 0.5 g/1 stabilizer of iron compounds + 0.5% corrosion inhibitor 4 0.2% agent re- X
ducing the flow resistivity 932
10% CH3COOH + 9% HCOOH + 0.5 g/! stabilizer of iron compounds + 0.5% corrosion inhibitor +
) [ X 111.13
0.2% agent reducing the flow resistivity
oxide (Fe(OH)s) suitable chemical additives are used. sion inhibitor + 0.2% agent reducing the
In many cases the piping in boreholes is covered with flow resistivity.
rust or iron (Il) sulfide. After acidization with HC| the
permeability of the formation may be limited due to Next, acidization simulation was performed on
repeat depositing of hydrated iron oxide. In order to core samples in deposit temperature 61°C, according
prevent precipitation, sequestration agents are added to the formula presented above.
to the acidizing fluid. An example of such agent is the The test results are shown in table 3.
iron compounds’ stabilizer which prevents the forma- On the basis of obtained test results, a stimulation
tion of iron hydroxide deposit by reducing the iron treatment was proposed (matrix acidization) using 9%
ions (Fe**) to iron (Il) ions (Fe?*). formic acid, in spite of the fact that in laboratory tests
Another chemical agent planned as acidizing fluid the acidizing fluid made on the basis of 10% hydrochlo-
component was corrosion inhibitor and micellar sur- ric acid provided better results of permeability retrieval.
factant which reduces the flow resistivity and facili- The reason for such a decision was the fact that the rock
tates the process of treatment fluid retrieval. originating from the deposit was not compact enough,
The acidizing fluids selected for stimulation had the easily falling apart, and the grains were poorly cemented.
following formulas: Formic acid is weaker than hydrochloric acid so its
e 10% HCl + 0.5 g/l stabilizer of iron com- application in acidization was expected not to disinte-
pounds + 0.5% corrosion inhibitor + 0.2% grate the rock to the extent as to trigger sanding-up
agent reducing the flow resistivity, of the borehole. After the acidization simulation the
e 9% HCOOH + 0.5 g/I stabilizer of iron cores retained their original appearance. In laboratory
compounds + 0.5% corrosion inhibitor + tests, formic acid produced equally good stimulation
0.2% agent reducing the flow resistivity, effects as the hydrochloric acid but it also proved to
e 10% CHsCOOH + 0.5 g/l stabilizer of iron be less corrosive.
compounds + 0.5% corrosion inhibitor + The volume of the acidizing fluid for the treatment is
0.2% agent reducing the flow resistivity, calculated on the basis of information on perforation in-
e 10% CH;COOH + 9% HCOOH + 0.5 g/I sta- terval, porosity of the deposit rock and diameter of the
bilizer of iron compounds + 0.5% corro- near-well zone which must be covered by acidization.
48
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Guidelines for performing
acidization

The preparation of acidizing formula is complete
with the development of guidelines for performing
the acidization. The guidelines specify the require-
ments connected with transportation, storage and
use of chemical agents in accordance with the Mate-
rial Safety Data Sheet (MSDS), and also the method of
preparation of the acidizing fluid in the field and the
order of mixing the chemical agents.

Since the preparation of acidizing fluid is relat-
ed to collecting and preparing the basic fluid in the
tanks and admixture of particular chemical com-
pounds to it one by one, an essential question is the
time of storage of the acidizing fluid in the tanks. Pro-
longed storage causes corrosion and absorption of
corrosion inhibitors on the surface of the equipment
so protection of deeply located equipment may be
less effective.

Another indication concerns the preservation of
absolute cleanliness of the tanks in which the acidiz-
ing fluid is prepared. Preparation of the fluid in tanks
containing solid residue or remains of previously
prepared treatment fluids is prohibited. The pres-
ence of contaminants may be the cause of incom-
patibility of the prepared fluid or its component. The
requirement of preserving cleanliness refers to the
whole installation for supplying and injecting the
treatment fluid.

Summary

The most crucial area of the absorptive horizon of
the injection well is the near-well zone. In it occur phe-
nomena which have decisive effect on the character
of the well operation. In time, the introduction of col-
matage components to the zone along with the waste
water leads to reduced porosity and permeability of
the deposit rock. The appropriate solution then is the
stimulation treatment consisting in clearing the near-
well zone.

Planning the treatment of unblocking the near-
well zone in order to increase the absorbency of the
injection well is a process which requires both the
knowledge of technical well details, geological infor-
mation, chemical composition of absorbed water and
waste and also performing a series of tests: both com-
puter simulations and flow tests on core samples.

Simulations of deposit water movements, made
with the use of AquaChem software allow to deter-
mine the possible directions of processes occurring

while the waters get mixed and contact the deposit
rock and to describe the type of chemical compounds
which might adversely affect the work of injection
wells.

The effectiveness of selected fluids for the treat-
ment of clearing the near-well zone is inspected in lab-
oratory tests performed on the core samples from the
deposit rock in which stimulation treatment is planned,
preserving the conditions similar to those in the bore-
hole (pressure and temperature).

The author is research worker at
Department of Production Stimulation
at the Oil and Gas Institute —

National Research Institute
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FEM - Fugitive Emission Monitoring

Health, Safety and
Clean Environment

RoBERT PARADYSZ

Fugitive Emissions of Volatile Organic Compounds (VOC) is a serious prob-
lem in many industries, particularly those dealing with oil and natural gas.
Therefore, monitoring of fugitive emissions is becoming a strategic goal.

T he issue of fugitive emissions comprises all
kinds of leaks of substances and products
which occur in installations, pipelines and their con-
nections, flanges and regulation equipment arma-
ture, such as: pumps, valves or monitoring equip-
ment and measuring and control apparatus.

On account of specific work conditions (high
pressures and temperatures, aggressive work envi-
ronment which induces corrosion and vibrations)
and ageing of sealing materials, the effect of loss
of containment in installations may occur very fast.
These are the sources of fugitive emissions.

Legal requlations connected
with fugitive emissions

The European Directive related to industrial emis-
sions — Directive 2010/75/EU, Integrated Pollution Pre-
vention and Control refers e.g. to reduction of emis-
sion of volatile organic compounds. The document
which defines the methods for emission reduction
is the BAT document (Best Available Techniques).
The section of the document which discusses VOC
monitoring contains computational directives and

measurement methods which may be applied in
monitoring of fugitive emissions of volatile organic
compounds

The European Directive and its implementation
in Poland will impose on industries the duty to mon-
itor the fugitive emissions.

What is Fugitive Emission
Monitoring?

Fugitive emissions are monitored in conform-
ity with methodologies developed by the Europe-
an Committee for Standardization (CEN) according
to the European Norm EN 15446 and American EPA
norms.

Program LDAR (Leak Detection and Repair Pro-
gram) consists in quantitative measurement of VOC
from defective sealing with the use of FID (Flame
lonization Detector). Obtained leak values in ppm,
converted to volumetric flow rate, allow to deter-
mine fugitive emission in a specific period of time.
Implementation of periodic monitoring of fugitive
emission from installations, identification of defec-
tive equipment and leak sources, using the results
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to create repair programs and emission data man-
agement are the main stages of the complete LDAR
program.

What are the main advantages
of LDAR program?

Fugitive emission monitoring considerably af-
fects the human health and safety issues; it reduces
negative impact on the environment and it is an ex-
cellent tool which can be used in the maintenance
and renovation of installations. Moreover, it can
serve as perfect benchmarking method.

Itis beneficial for health, safety and environment:

« It reduces the olfactory substances emis-
sion in the plant,

 Itimproves the environment conditions in
the plant vicinity,

 Itimproves health and safety of the
workers,

« It reduces the occurrence of potentially ex-
plosive areas,

« [timproves the air quality by reducing con-
tamination which affects the ozone layer,

e Itis consistent and in conformity with bind-
ing regulations concerning the monitoring
of VOC and other toxic gases.

Maintenance and renovation of installations:

« |t contains information related to technical
condition of connections and changes ad-
vancing with time,

« Using the database of defective sealing for
renovation campaign may reduce fugitive
emission even to 90%,

« |t reduces the product loss and has a posi-
tive effect on the savings.

The difference between
measurements with FID
detector and infrared camera

Very often, apart from using the FID detectors, in-
tegrated programs for detection and monitoring of
fugitive VOC emission also use infrared cameras.

Standardized methodology based on EN 15446
and EPA 21 directives, called sniffing, aims to detect
all leaks — regardless of their volume. This is a quan-
tification method, so it may serve to determine the

technical condition of connections, armature and
equipment and the changes advancing in time.

Leak tests with the use of an infrared camera only
provide information on the occurrence of leaks, but
no quantitative information is given. Such tests may
be used as tentative information on leaks and it may
be part of a campaign promoting periodic monitor-
ing of fugitive emission using the extensive LDAR
program.

Fugitive Emission Monitoring
and operation of Bureau Veritas

In the recent 20 years of operation Bureau Veri-
tas specialized in controlling of VOC and other gas
emission in industrial areas. It may be stated that it
became the leader in this sector, due to:

 active membership in the European Committee
for Standardization (CEN),

« contribution to the European emission stand-
ards (norm EN 15446),

« development of software for computing the
VOC emission in conformity with the norm
EN 15446,

 participation in meetings of the committee
X43B AFNOR (the French Standardization Or-
ganization) in the years 2009-2011 — executing
projects related to VOC emission and drawing
up instructions for testing it with the use of in-
frared cameras,

e creating an advanced online system (GEF) to
collect data and make them available to their
clients, and also

 highly qualified professional staff.

Bureau Veritas is the leader in respect of measure-
ments of VOC emission (such as: SFs, NHs, H,S, H, N>),
measurements of emission from the surface of wa-
ter table, and also detection of gas leaks in under-
ground grids, on the ground and in storage reser-
VOirs using e.g. laser methods.

The author is Manager of HSE Services
at Bureau Veritas Polska Sp. z o.0.

Bureau Veritas is the world leader in TIC (Testing, Inspection
and Certification), providing high quality services aiming to
assist the clients in meeting constantly increasing requirements
connected with management of quality, occupational safety
and health, environment protection and social responsibility.
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The application of modern chemical synthesis in research carried out at INiG - PIB

Modern chemical synthesis —
manufacture of oil additives

WouiciecH Krasobomski, JARostAW MaArkowskl, WoiciecH MAzeLA, MicHAE PAibA, MicHAt WoJTASIK,

Leszek ZIEMIANSKI, GRAZYNA ZAK

Modern chemical synthesis used at the Oil and Gas Institute — NRI
Department of Additives and New Chemical Technologies is a sig-
nificant part of scientific research and R&D activities regarding
among other things the development of technology for manufac-
turing additives for fuels, biofuels, lubricants and oil products.

Modern organic
synthesis

Surfactants

Surfactants being tested at the Department of
Additives and New Chemical Technologies of the Oil
and Gas Institute — National Research Institute, are
used as detergents in hydrocarbon fuels to protect ZI
(spark ignition) and ZS (self-ignition, Diesel) engines
against accumulation of oil sludge and carbon de-
posits on injectors, spray nozzle tips and fuel pumps,
that may affect optimal operation of combustion en-
gines and lead to failure. In addition, surfactants are
also used as emulsifiers and demulsification agents
both in hydrocarbon fuels and in chemical additives
enhancing oil and gas extraction. At Oil and Gas Insti-
tute — NRI Department of Additives and New Chemi-
cal Technologies also research is carried out on de-
veloping effective demulsifiers to separate emulsions
formed during oil extraction and processing.

The surfactant group distinguishable for its appli-
cation are dispersants used for example in develop-
ing compatible additive packages. The work on such
substances required not only the expansion of tech-

nological facilities of the Oil and Gas Institute — NRI
Department of Additives and New Chemical Tech-
nologies but also analytical and testing equipment.
There are various methods, including the use
of surfactants of detergent activity, preventing un-
favourable phenomena connected with depos-
its formed during fuel use. The application of such
substances (additives) does not interfere the men-
tioned chemical processes but prevents the accu-
mulation of generated deposits and removes the
existing ones (such actions are called keep clean and
clean up). The operation of such substances consists
in creating a protecting film on the metallic surface
that prevents deposit precursors to be formed. The
chemical substances used as active substances of
detergent activity are organic compounds of de-
fined constitution containing nitrogen atoms. Due
to its structure such compounds are of strong polar-
ity and this feature, on the one hand, provides deter-
gent properties and on the other hand enables ad-
hesion to the metallic surface. Moreover, detergent
additives should have appropriate thermal resist-
ance and be compatible with a fuel and other ad-
ditive constituents and motor oils. At the INiG - PIB
Department of Additives and New Chemical Tech-
nologies the work is continued on chemical reac-
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Fig. 1. Schematic of alkenylsuccinic imide formation
tions bringing such detergent substances as alkenyl The work carried out at the Oil and Gas Institute
succinate imidoamides, dicarbamates and Mannich — NRI includes Mannich reactions consisting in con-
bases. densation of phenol derivatives, amines and aliphat-
The results obtained at the Department place ic polyamides and formaldehyde — these reactions
the active detergent substances developed and are made in neutral or basic environments.
synthesized at the Oil and Gas Institute — NRI ac- The syntheses of Mannich bases are conducted
cording to the original technologies among the under classical one-pot analysis, continuous analysis
best products of such type all over the world. These by using a flow microreactor with the aid of micro-
substances as well as fuel additive packages con- wave irradiation.
taining them are the subject of patent applications The reactions of alcoholysis and ammonolysis of
submitted by the Oil and Gas Institute — National isocyanates are used in the technology of carbami-
Research Institute. nate and carbamide detergent fuel additives.
Detergent additives to fuels
Modified alkenylsuccinicimidoamides are derived
from anhydrides of alkenylsuccinic and polyalkylene Adverse phenomena O]C
in the process consisting in acylation of polyalkylene residue formation in en-
polyamines with alkenyl succinic anhydride. . .
The research carried out at the Oil and Gas In- gines may be prevented N
stitute — NRI, both own and scientific and research different Ways, e_g. USiﬂg
projects co-financed from the funds of the National .
Research and Development Centre allowed the de- substances actmg as deter-
velopment of modern fuel additives and packages. ents
The latest achievements regarding succinic imides g
/amides are the subject of the patent application
P391098 and patent PL215447 2013.
The Mannich bases used for example as com- The follow up reactions pose a problem, since re-
ponents of additives for hydrocarbon fuel and Iu- sulting monocarbamates may react with unreacted
brication oils, are detergent and dispersing agents toluene diisocyanate or react with each other form-
responsible for cleaning and preventing contamina- ing high-molecular products.
tion of engine parts and are also used as friction re- At the Oil and Gas Institute — NRI Department of
ducing oil additives. additives and New Chemical Technologies the re-
53
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Fig. 2. Formation of mono- and dicarbamates

search is conducted on the run and conditions of di-
isocyanate alcoholysis to obtain nonequivalently sub-
stituted dicarbamates and carbamate/urea. Recently
the conditions of controlled alcoholysis of toluene
diisocyanate were examined thoroughly, and appro-
priate reactor systems were developed and a series
of experiments were made to optimise the syntheses.
The scientific and research project completed at the
Oil and Gas Institute — NRI and co-financed by the
NCBIR allowed modern additives and packages to be
developed. The newest technologies developed to
obtain carbamate petrol additives are the subject of
patent applications P406549 and P406672.

Dendrimers as demulsifiers

At the Oil and Gas Institute — NRI Department of
Additives and New Chemical Technologies the work
is also carried out on separation of emulsions formed
during oil extraction and processing. Among various
active substances enabling emulsions to be separat-
ed effectively, syntheses compounds of dendrimeric
structure (Fig. 3) are investigated. Such compounds
differ in their specific structure from classical line-
ar, cross-linked and branched polymer groups. The
characteristic dendrimer feature is its strictly estab-
lished structure and type of functional groups locat-
ed on the dendrimer surface and ability to design
the chemical nature of the denrimer interior.

It results from the research carried out that in
some cases the use of demulsifiers containing den-
drimers allowed high demulsifier efficiency to be
maintained at lower share of active constituent
(dendrimer). In addition, it is possible to increase

Fig. 3. Scheme of dendrimer structure

the rate of emulsion separation. Compared to clas-
sical demusifiers based on phenol compounds,
dendrimers pose no such significant environmen-
tal hazard.

Imidazolines as corrosion
inhibitors

Imidazoline derivatives are used, among other
things, as active substances in corrosion inhibitors to
protect equipment in the oil and gas extraction indus-
try. At present the Oil and Gas Institute — NRI Depart-
ment of Additives and New Chemical Technologies
carries out studies on synthesis of new compounds
of imidazolne structure. At the above department a
new method for manufacture of these substances
was developed, while specifying stoichiometry pre-
cisely and process conditions. The obtained new mix-
ture of modified imidazoline derivatives can be used
as a constituent of corrosion inhibitor compounds in
the oil and gas exploration industry, in oil refineries
and as an additive in diesel fuels and heating oils, cut-
ting fluids and a component of agents for temporary
metal protection against corrosion.

Nanotechnology

At the Oil and Gas Institute — NRI Department of
Additives and New Chemical Technologies studies
are also carried out in nanotechnology. They con-
cern the application of carbon nanomolecules such
as nanotubes or graphene in fuels and lubricants
and nanodispersion of metal oxides as additives of
FBC type (Fuel Born Catalyst).
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Fig. 4. Structure of model single-wall nanotube of approx. 2 nm in diameter: a) mo