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ABSTRACT

Water is a necessary asset in the daily life of all living beings, however, it is a finite asset
and in some regions of the planet it has already become scarce. Offshore oil and gas
extraction platforms have a voluminous water cycle. Produced water is considered the
largest by-product of the oil extraction process, for each barrel of oil obtained about 3 to 5
barrels of produced water are also extracted. For the produced water to be disposed or
reused it is necessary to go through a series of previous treatments before being reapplied
or released into the environment, each country has its own legislation and regulatory
agencies responsible for the quality of this water. This work aims to provide an overview of
the water cycle inside offshore platforms from its acquisition, treatment, reuse and final
disposal. In addition, a case study about four platforms of Petrobras company will be
presented to show how the management of water and effluents are done inside these
platforms. In conclusion, the water cycle inside offshore platform is complex because it
involves different types of water (potable, produced, reuse and waste), several logistics and
engineering processes for the treatment, reapplication and subsequently disposal of the
water. In Petrobras platforms, potable water was obtained by both ways via transportation
and desalination. Another important finding was that in Petrobras semi-submersible
platforms, there was not available a treatment system for effluents or produced water. The
reason why the percentage of produced water reuse is small and not always viable is due to

the costs of treatment, transportation and storage of the water.

KEYWORDS: Offshore. Water. Produced Water. Reuse.



RESUMO

A 4gua é um bem necesséario no dia a dia de todos os seres vivos, porém é um bem
findavel, tanto que em algumas regides do planeta j& tem se tornado escasso. Plataformas
offshore de extracdo de 6leo e gas possuem um volumoso ciclo de dgua. A agua produzida
é considerada o maior subproduto do processo de extracdo de petroleo, para cada barril de
6leo sdo extraidos também cerca de 3 a 5 barris de agua produzida. Para a 4gua produzida
ser descartada ou reutilizada é necessario passar por uma série de tratamentos prévios antes
de serem reaplicadas ou lancadas no ambiente, cada pais possui suas legislacdes e 6rgdo
regulamentadores responsaveis pela qualidade dessa agua. Este trabalho visa fornecer uma
visdo geral do ciclo da agua dentro de plataformas offshore desde a sua aquisicao,
tratamento, reutilizacdo e descarte final. Além disso, um estudo de caso de quatro
plataformas da empresa Petrobras sera apresentado com a finalidade de mostrar como é a
gestdo da agua e efluentes dentro de plataformas. Em concluséo, o ciclo da agua dentro da
plataforma offshore é complexo porque envolve diferentes tipos de &gua (potavel,
produzida, reutilizada e residual), varios processos logisticos e de engenharia para o
tratamento, reaplicacdo e subsequente eliminacdo da agua. Nas quatro plataformas da
Petrobras estudadas, a agua potavel tem sido obtida por ambos os métodos: via transporte e
por dessalinizacdo. Outra descoberta importante foi que nas plataformas semissubmersiveis
ndo existiam um sistema de tratamento de efluentes ou de agua produzida. A razdo pela
qual a percentagem de reutilizacdo da agua produzida é pequena e nem sempre viavel,

deve-se aos custos de tratamento, transporte e armazenamento da égua.

PALAVRAS-CHAVES: Offshore. Agua. Agua produzida. Reuso.
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1 INTRODUCTION

Water is essential for humans, animals, plants and for the maintenance of the planet.
However, potable water is a unique and limited resource. According to the United Nation
(2021) water is under extreme threat from the growing population, increasing demands of
agriculture, industry, and the worsening impacts of climate change.

Billions of people still do not have access to potable water and with the COVID-19
pandemic, the situation became even worse (UNITED NATION, 2021). This exposed the
importance of sanitation and hygiene in critical times, since handwashing is considered one
of the most effective actions to reduce the spread of pathogens and prevent infections,
including the COVID-19 virus (WORLD HEALTH ORGANIZATION, 2020)

Another worrying fact is that more than 80% of the wastewater from industrial
processes are discharged into rivers and seas without any prior treatment. The
consequences are alarming, due to the neglect and water scarcity in many regions (WWAP,
2017). Even though, this concern has been included as one of the Sustainable Development
Goals (SDGs), as target 6 for Clean Water and Sanitation to ensure availability and
sustainable management of water and sanitation for everyone. The challenges are still
enormous to protect, mitigate and prevent the scarcity of this valuable asset for the planet.

In offshore oil and gas extraction platforms, the volume of water used and produced
in the process is in the house of millions of m3 (PETROBRAS, 2018). The amount of water
employed in all of the processes reinforces the importance of analyzing the use, treatment
and reuse of this water inside and outside the platforms, in order to reduce the impacts
caused to the environment.

Water transport logistics to offshore platforms is a complex operation with many
limitations (DUARTE et al., 2017). Since water is employed in all processes from drilling,
extraction, cleaning to workers use, consume, sanitation and so on.

This work aims to provide an overview of the water cycle inside offshore platforms
from its acquisition, treatment, reuse and final disposal. In addition, it also presents a
literature review about the Brazilian regulations and a case study of four platforms from the

Brazilian company, Petroleo Brasileiro S.A. (Petrobras).
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2 LITERATURE REVIEW
21 POTABLE WATER ON OFFSHORE PLATFORMS

According to Devold (2013) and Fatah et al. (2017) when the size of the offshore site
is small, potable water is transported by supply vessels or tank trucks to the platforms. On
the other hand, when the offshore platforms are larger, potable water is provided on site by
desalination of seawater through distillation or reverse osmosis.

It can also be related to the limited space onboard, logistics and equipment’s cost. For
example, some companies prefer to fetch potable water from near platforms, which contain

desalination plants, instead of getting their own desalination plant.

2.1.1 Water transportation in tanks and vessels

The potable water provided in vessels or tanks need to be of high quality, since a
water-borne epidemic can infect many individuals within a short time and it will become
difficult to maintain the operation of the unit (ANDERSEN; L@FSGAARD, 2017).
Therefore, there are several requirements from cleaning and conservation of the vessels to
the maintenance of the pipes and hose that will distribute the potable water inside the
platforms.

The water storage duration in these tanks and vessels should be minimized to avoid
stagnation. Good practice would be to dispose all water in such tanks after 14 days of
continuous storage, because if the water is stored too long, an unpleasant taste and odor
may appear, increasing the risk for microbial and biofilms growth in the system
(ANDERSEN; LOFSGAARD, 2017; MARINE SAFETY FORUM, 2013).

On Figure 1 is presented an example of water storage tank for offshore purposes
from HB Rentals (2021) company, which offers tanks with two different sizes (4.000 or
8.000 gallons), featuring a 5.5 micron filter, which filters the water before it enters the tank.

The water distribution systems also include two motors and pumps.

13



Source: HB Rental (2021).

These tanks and vessel must be of materials that are resistant to corrosion with a
design that is easy to clean and maintain. According to the Regulatory Standard NR-37
(MINISTERIO DO TRABALHO, 2018) and Resolution RDC N° 72 (ANVISA, 2009)
from Agéncia Nacional de Vigilancia Sanitaria (ANVISA), tanks must be cleaned and
disinfected every 1 year or after each repair work and whenever there is suspicion of
contamination.

Overall, an average platform employs around 60.000 liters of potable water for
consumption and for processes per day (FREITAS, 2011). Potable water systems shall be
dimensioned for a consumption of at least 200 liters of potable water per person per day
(NORWEGIAN MARITIME, 2015).

According to Marine Safety Forum (2013) there are basically three scenarios for
potable water transportation to offshore platforms. These processes are explained and

illustrated in Figure 2.
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Figure 2. Scenarios for potable water transportation to offshore platforms.

Municipal Supply

The Supply Chain for Offshore Drinking Water

Scenario ‘A’ - Port Operated Quayside

Loading base pipe-work, stand-pipe and
bunkering hose managed by municipal

supplier _I_ J

Scenario ‘B’ - Privately Operated Quayside

Municipal Suppliers responsibility ends on
delivery to base enfrance.

Loading base pipe-work, stand-pipe and

bunkering hose managed by private company.

T

Scenario ‘C' - Privately Operated Quayside with
Storage Facility

Municipal Suppliers responsibility ends on delivery to
base entrance.

Loading base pipe-work, storage tank, stand-pipe
and bunkering hose managed by private company:

T

Life-Cycle:

Municipal Water Supplier required by law to
provide a wholesome supply of water.

Water from a reservoir is filtered and
treated/disinfected to allow for transport to
delivery point culminating in a minimum
residual level of 0.2ppm free chlorine.

Once delivered to storage facility, or private
network, responsibility for maintenance and
guality transfers to the network operator.

Possible Areas of Contamination:

Private Network

+ Pipelines
+ Storage tanks
+ Bunker hoses/standpipes

Vessel

+ Additional length bunker hoses
+ Pipe-work and connections
+ Storage tanks and pumps

Installation

* Bunker hoses and manifold
+ Storage tanks and pumps

+ Internal pipe-work

+ Taps and shower heads

Source: Marine Safety Forum (2013).
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2.1.2 Seawater desalination and reverse osmosis

Seawater desalination is an important option for addressing the world's water supply
challenges. Current desalination plants use enormous quantities of energy and cause a
number of environmental issues (Li et al., 2018). However, renewable energy options,
such as hybrid solar-wind power (AMIN et al., 2020) have been investigated for
sustainability purposes.

According to Li et al. (2018) desalination cost is affected by several factors
including: feed water characteristics, plant capacity, amounted of energy employed,
operation and maintenance. Energy affects not only the cost of the water generated but also
the choice of desalination technology.

Reverse osmosis is one of the most applied process for desalination, where seawater
is forced under high pressure against a membrane with microscopic openings, as illustrated
in Figure 3. The water molecules will pass the membrane and most of the salt and other
contaminants will be held back (ANDERSEN; LOFSGAARD, 2017).

Figure 3. Reverse osmosis process.

Reverse 0smosis

Applied Pressure Pure Water
Fresh
Salt Water
Water
Lontaminants
o
Water Flow

Source: Puretecwater (2021).

Desalination plants from Suez (2021) company can produce potable water volume
from 30 m3 to 2500 m® per day. Another example, MakWater (2013) company

manufactured a sea water reverse osmosis plant with a compact design, presented in Figure

16



4a, which was able to produce around 40 m? of potable water per day. Figure 4b shows the
seawater reverse osmosis plant installed on site of an offshore platform.

Figure 4. (a) Seawater reverse osmosis plant from MakWater (b) Installed on site.

| | &=
|

Source: MakWater (2013).

2.2 PRODUCED WATER

Produced water is the largest by-product from oil and gas industry. The produced
water is brought to the surface with the hydrocarbons (VEIL, 2020). The physical and
chemical properties of produced water vary considerably depending on the geographic
location of the field. Usually, its composition is a complex mixture of different types of

water (formation and extraction), organic and inorganic components, dissolved gases, brine,

17



microorganisms, pollutants, metals, heavy metals and even traces of radioactive materials
(ZHENG et al., 2016; HEDAR, 2018). On Figure 5 is presented an example of a typical

reservoir, showing how gas, oil and water can co-exist in petroleum traps.

Figure 5. Typical reservoir.

Reservoir Rock
\
%20} SN0.J0d

Source Rock

Source: Igunnu and Chen (2014).

According to Zheng et al. (2016) the volume of produced water extracted is about 3
to 5 times higher than the amount of oil and gas obtained. The volume of water produced
tends to increase each year as the well matures, leading to a larger volume of waste to be
handled.

Assuncédo, Vieira and Almeida (2018) states that new field produces around 5 to
15% of produced water volume and as the well reaches the end of its productive life, it can
reach the range of 75 to 100 % of produced water. Figure 6 illustrates the production profile
for a typical oil field.

Figure 6. Profile for a typical oil field.

Production Profile for a Typical Oil Field
60000

50000 //\\
A
T 7\

oo
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Qil field operating time [yr]

[—Water prod ====Qj| prodl

Production volume [m3]

Source: Igunnu and Chen (2014).
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2.2.1 Brazil’s panorama on water production from oil and gas field

Data from the National Petroleum Agency (ANP) shows that Brazilian's wells are
relatively young, since the number of barrels per day of produced water is below of the
petroleum obtained over the last eleven years. This is due to the pre-salt discovery and
exploration of new wells since 2015. On Figure 7 is presented the Brazilian’s panorama of
petroleum and produced water obtained from 2009 until 2020. On Table 1 the values are
displayed for each year, it also shows the total amount obtained for the exploration of

eleven years in a row.

Figure 7. Brazil’s panorama on water production from oil and gas field.

BRAZIL'S PANORAMA
@Petroleum (bbl/day) @ Produced water (bbl/day)

2009 2010 2011 2012 2013 2014 2015 2016 2017 2019 2020
Year

30 Mi

20 Mi

10 Mi

0 Mi

Source: author's own production with data obtained from ANP (2021).

Table 1. Brazil’s panorama about produced water.
Year Petroleum (bbl/day) Produced water (bbl/day)

2009 1045044192 13.693.084 37
2010 22.375.904.30 16.357.046,27
20M 23.010.707 .69 16,144,983 66
2012 22.411.711.96 17.506.425 27
2013 2212857138 10.428.281 22
2014 24.958.529.65 22.391.576,33
2013 27.273.286.18 23.175.289,53
2016 28.272.898.71 22.440.726,03
2017 20003.22743 2449001260
2013 20.672.367.80 24.868.313,63
2019 3214841402 22.156.813,68
2020 34.107.589.09 18.788.407 68
Total 315.751.651.03 241.441.860.27

Source: author's own production with data obtained from ANP (2021).

To show how different the values are from platform to platform, Table 2 presents an

example of two different platforms of Petrobras obtained from August of 2021.



Table 2. Differences between platforms on produced water.

PLATFORM PERIOD PETROLEUM (BBL/DAY)  PRODUCED WATER (BBL/DAY)
PETROBRAS 56  2021/08 28.639,20 119.697,12
PETROBRAS 67  2021/08 145.254,40 3.435,45

Source: author's own production with the data obtained from ANP (2021).

Petrobras 56 platform has been operating since 2011, it produces 4 times more
produced water than petroleum. On the other hand, Petrobras 67 platform has been
operating since 2019, it produces around 42 times more petroleum than produced water.
Those data are in accordance as described by authors Igunnu and Chen (2014) and Zheng et
al. (2016), that the amount of produced water depends on the age of the well and it tends to

increase each year as the well maturates.

2.3 BRAZILIAN AND INTERNATIONAL REGULATIONS

Several laws, resolution and conventions were made to protect the environment and
oceans from the pollution of offshore exploration. Unanimously, all of them dictate that any
kind of water and effluents from platforms or ship must receive treatments prior to final
discharge in the ocean. Besides that, there are several requirements for the quality of the
water, places that it can be discharged and ways of monitoring it. Each country has their
own laws and resolutions, therefore, some quality parameters of the water can vary
depending on the country.

Brazil is part of the International Convention for Prevention of Marine Pollution for
Ships (MARPOL). The MARPOL (1973) is composed of six annexes, it is the main
international convention covering prevention of pollution of the marine environment by
ships from operational or accidental causes.

The Brazilian law N- 9.966 (2000) was released in complementation to MARPOL.

It established the prevention and control of pollution caused by the release of oil and other
dangerous substances in waters under national jurisdiction and made other provisions about
inspection by regulatory agencies, the Instituto Brasileiro do Meio Ambiente e dos
Recursos Naturais Renovaveis (IBAMA) and Brazil’s Navy (Marinha).

The Conselho Nacional do Meio Ambiente (CONAMA) has released several
resolutions about the quality of water and effluents from platforms, below are presented the

most important ones and a brief review about them.
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> CONAMA Resolution N° 357 (2005): establishes the classification of bodies of

water (fresh, brackish and saline) and guidelines for their categorization, as well as

the conditions and standards for the effluents discharge.
| - fresh waters: waters with salinity equal to or lower than 0.5 %.
Il - brackish waters: waters with salinity higher than 0,5 % and lower than 30%.

I11 - saline waters: waters with salinity equal to or greater than 30%.

> CONAMA Resolution N° 393 (2007): establishes conditions, standards and

monitoring parameters for continuous discharge of produced water in offshore oil and

gas platforms. It is forbidden to discharge produced water within a radius of less than
ten kilometers of conservation units and within five kilometers of ecologically
sensitive areas. The disposal of produced water must comply with the monthly
arithmetic mean concentration of total oils and grease (TOG) up to 29 mg/L, with a
maximum daily value of 42 mg/L. These values must be determined by the gravimetric
method, but the environmental agency may accept other analysis methodologies, if
provided statistically significant correlation with the gravimetric method. Yearly, each
platform operating company must present to CONAMA a proposal to reduce the
content of oils and grease in the discharge of produced water. On each six months, the
operating companies must conduct experiments in certified laboratories with the
purpose to identify the presence and concentration of some parameters, such as:
inorganic compounds, radioisotopes, organic compounds, chronic toxicity, and
complementary parameters. By March 31st of each year, they must also send a full

report about the produced water discharge in the previous year.

The produced water quality reports are available to anyone interested to access
them, and can be found on the website of IBAMA (2021) listed by the companies name,
platforms and year: http://licenciamento.ibama.gov.br/Relatorios%20CONAMA%20393/

The concentration of oils and grease is quite controversial, since it must take into
consideration the environmental, economic and social sensitivities of each region (GOMES,
2014). It still not completely known the real consequences or the long-term effects of oil
and grease dilution in the marine ecosystem (BEYER et al., 2020). It is alarming because
offshore exploration has increased a lot over the years, especially with the pre-salt

discovery.
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On Table 3 are presented the limits of oil and grease concentration of some countries.

Table 3. Limits of oil and grease concentration of some countries.

22

Country Parameter Concentration
Argentina Mean 15 mg/L
. Mean 30 mg/L
Austral
ustratia Max 50 mg/L
China Mean 30 to 50 mg/L
Max 75 mg/L
Brazil Mean 29 mg/L
Max 42 mg/L
Colombia 80% Removal of oil -
M L
Canada ean 30 mg/
Max 44 mg/L
Egypt Max 15 mg/L
Indonesia Max 50 mg/L
Mean 29 mg/L
A
Us Max 42 mg/L
Italy Mean 40 mg/L
. Mean 40 mg/L
Mexico Max 100 mg/L
Nigeria Mean 40 mg/L
J Max 72 mg/L
Thailand Max 100 mg/L
Tunisia Max 10 mg/L
Trindad and Tobago Max 40 mg/L
Venezuela Mean 20 mg/L
Vietnam Mean 40 mg/L

Source: Adapted from Gomes (2014) and Florido (2018).

» CONAMA Resolution N%430 (2011): provides on conditions, parameters, standards

and guidelines for the discharge of effluents in bodies of water. This resolution
amends and complements CONAMA's Resolution No. 357 (2005).

» IBAMA Normative Instruction N° 1 (2018): provides guidelines for the use and

disposal of fluids, gravels and cement pastes in drilling wells for oil and gas
production activities. It is forbidden the disposal into ocean of water-based
complementary fluid containing diesel, hexavalent chromium, ferrochrome

lignosulfonate, chromium lignosulfonate, ferrochrome or zinc bromide alloys.



23

3 METHODS

The objective of this work is to analyze the water cycle for offshore platforms, from
its collection, use, treatment, reuse and final disposal. In addition, the logistics of water
transportation and its costs were investigated, as well as possible treatments technologies
for produced water and the reuse of this water inside the platforms. Improvements in the
systems currently employed are expected, aiming a reduction of costs and environmental
impacts.

The methodology of this work consists of exploratory research that involves a
bibliographic survey, analysis of examples and a case study of Petrobras. On Figure 8 is

presented the flowchart of the work development.

Figure 8. Flowchart of the work development.
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Source: author's own production.

The bibliographic survey was conducted on Google Scholar, Science Direct, ANP
database and national government websites. Most of the material were obtained from Ph.D.
thesis, Master’s dissertations, manuscripts from journals, laws and resolutions, reports and

descriptive memorials from companies and government agencies.



4 RESULTS AND DISCUSSION

41  CASE STUDY: PETROBRAS PLATFORMS

According to IBAMA (2018 b) Petrobras had to write a term of commitment that
established measurements to adjust the discharge of produced water from 28 platforms
located in Campos Basin, to meet the parameters defined in the Standard Methods for the
Examination of Water and Wastewater (SM 5520-B) required by CONAMA. Besides that,
Petrobras had to invest R$100 million reais in marine and coastal biodiversity conservation
projects. This shows the relevance of complying with Brazilians legislations and the
importance of analyzing the quality of the produced water, being it discharged or reused.

Petrobras (2018) is a Brazilian company created in 1953, it is one of the largest
producers of oil and gas in the world, primarily engaged in exploration, production, refining,

energy generation and trading. Figure 9 presents an overview of Petrobras story.

Figure 9. Overview of Petrobras story.
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The case study will focus on 4 decommissioning platforms from Petrobras (P-07, P-

12, P-15 and P-32). Three of these platforms were already sold out in a public auction, in
2020, as illustrated in Figure 10 (PETROBRAS, 2020a).
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Figure 10. Decommissioning platforms from Petrobras.
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Source: Author’s own production with the data obtained from Petrobras (2020a).

Decommissioning is the process of ending offshore oil and gas operations and

returning the ocean and seafloor to its pre-lease condition complying with international and
local regulations (BUREAU OF SAFETY AND ENVIRONMENTAL ENFORCEMENT,

2021). For decommissioning purposes, platforms generally consist of two distinct parts: the

topside (the facilities visible above the waterline) and the substructure (the parts between
the sea surface and the seabed, or mudline) (BULL; LOVE, 2019).

Platforms can be decommissioned in different ways: conversion to an artificial reef

or other purposes, mothballing on site which is the maintenance of the facility in a

protective inert state without contaminants, relocation for another site for production,

removal to land for disposal or recycling, on-site toppling or deep-water disposal
(BOURBON, 2020).

In Figure 11 are presented the photos of each platform that were studied.




Figure 11. Platform’s photos: (a) P-07, (b) P-12, (c) P-15 and (d) P-32.

Source: Adapted from Marinha (2021) and ClickMacae (2021).

All four platforms were at the end of their productive life, with more than 40 years
of operation each. The data about these platforms were collected from the descriptive
memorial available online at Petrobras (2020) website and from ANP (2021) database. The
descriptive memorials contained valuable information about the water management inside
these platforms. On Table 4 are presented the information and characteristics about these

four platforms.
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Table 4. Information and characteristics about the four platforms.

L Platforms
Characteristics

pis [ P |

Type ubmertible | submersible | submertibl FPSO

Construction 1977 1983 1983 1974
Basin Campos Campos Campos Campos

Field Bicudo Linguado Piralina Marlim

Water depth 210 m 100 m 243 m 160 m
Total Length 108.20 m 108.16 m 104.50 m 337.10 m

Total Width 67.36 m 69.2m 67.0m 545 m
Accgr;prggic:;tlon 125 people 100 people 160 people 171 people

Water Demand
(potable and

600 m3/month

1335 m3/month

1450 m3/month 3162 m3/month

industrial)
Salt water input 11.760 m¥/d 10.800 m3/d 11.760 m3/d 134.400 m3/d
Fresh water
generator 50 m3/d 35 m3/d 50 m3/d 3840 m3/d
Potable Water Yes Yes Yes Yes
from Land
Effluent NO No NO Yes
Treatment
Oily Water sent to Platform .
Treatment sent to P-65 PPM-1 sentto P-65  variable volume
Produced Water sent to Platform 3
Treatment sent to P-65 PPM-1 sent to P-65 3.120 m3/d
Fresh water tanks 6 5 7 2
Waste water 5 5 3 3
tanks
Water Injection
no no no no
System
Year when
production was 2016 2015 2017 Still Operating
halted

Source: author's own production with the data obtained from Petrobras (2020b), Petrobras (2020c), Petrobras
(2020d) and Petrobras (2020e).



Three platforms were semi-submersible and only one was a FPSO (Floating
Production, Storage and Offloading). One important thing to note is that the three semi-
submersible platforms had their production halted in the past few years, only the FPSO is
still operating, but it is expected to halt it activities by the following years until 2025.

Comparing the three semi-submersible platforms P-07, P-12 and P-15, it can be
observed that the demand for water is not really related to the size of the platform, since all
of them have similar length but completely different values of water demand per month.
Other important point is that none of these three semi-submersible platforms had treatment
systems for effluents or produced water, in all of them the volume of effluents and
produced water were sent to other platforms to be treated.

FPSO P-32 is the biggest one in size from the four platforms studied, it is around
three times bigger than the platforms P-07, P-12 and P-15. Differently from the semi-
submersibles, this FPSO P-32 presented a larger water demand of 3162 m3/month and is the
only platforms that had a treatment system for both produced water and effluents.

According to the descriptive memorials from the four platforms, salt water is
constantly pump up and employed in a lot of applications inside the platforms from cooling
the turbochargers, gas exchanger, air compressor, general service tank, cold rooms, houses
to firefighting system and desalination.

In all platforms, there was a system for desalination of salt water and a specific
place to receive potable water from land. Meaning that, in these offshore platforms both

ways of obtaining potable water by transportation and desalination were applied.

42  THE WATER CYCLE INSIDE OFFSHORE PLATFORMS

Figure 12 presents a typical water cycle inside an offshore platform. This water
cycle has been designed according to the information acquired with the case study from
Petrobras and literature reviews insight.

Beginning with the potable water that is either transported by tank ships until the
site or obtained via desalination plants, located inside the platforms. Part of the potable
water is employed in the process (to supplement system losses in boilers and cooling
systems in the units), while another part is for use and consumption of the workers inside

the facilities.
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The potable water after being employed in the process and consumed by the
workers can turn into three types of water: oily water, gray water (from sinks and showers)
and black water (from toilet bowls and grease sinks of the kitchen). These types of water
must go through an effluent treatment plant. However, not all platforms possess a plant to
treat the effluents, so one solution is to transport the effluents to a nearby platform to treat
them, as seen in P-07, P-12 and P-15 from Petrobras.

Secondly, salt water is often utilized for desalination and for many other
applications inside the platforms from cooling machines to firefighting system alarm.

Finally, the produced water generated with oil and gas extraction, depending on the
platform it can generates hundred thousands of barrels per day of produced water, which is
a considerable amount. This produced water must be treated either on site or sent to another
platform. Produced water must be treated accordingly to the destination of the water, which
can be either by reuse, reinjection or discharge.

It is important to note that all types of water inside a platform must go through
treatments before being reused or final disposed. Each country has their standard and

regulations that must be followed strictly.
Figure 12. The water cycle inside offshore platforms.
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4.2.1 Potable water costs

Costs is an important factor that must be considered when thinking about offshore
operations. The cost for desalination varies a lot since it depends on the amount of water
obtained per day, the quality of the water input, the technology employed and so on. For
water desalination, Silva (2016) states that the cost is around US$ 3.00 per cubic meter of
desalinated water, which includes US$ 0.60 of operational cost and US$ 2.00 of
depreciation or amortization cost of the equipment. On the other hand, the cubic meter of
water transported by tugboats to offshore platforms costs an average US$ 20.00 but
depending on the distance from the shore this value may increase. In Figure 13 is presented
the cost estimation by Ismail et al. (2019) via a mathematical model namely Economic
Water Supply Model. Where: OSV - offshore supply vessel, FWG - freshwater generator;
WWTP - wastewater treatment; NM — Nautic Miles.

Figure 13. Cost estimation between OSV (offshore supply vessel); FWG (freshwater
generator); WWTP (wastewater treatment) by NM (Nautic Miles).
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Source: Ismail et al. (2019).

As can be seen, the highest cost is from water transportation OSV. In this case, the
cost is proportional to the distance of the platform location, mostly due to fuel cost.
On the other hand, for FWG or desalination equipment, it has small changes with the
platform location distance, this change in cost can be associated with additional transport of

worker and periodic maintenance. For wastewater treatment WWTP there is no difference
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in cost within the distance of the platform, since wastewater is generated and treated onsite
in the platforms.

In Table 5 are presented six scenarios, using a mixture of the three technologies to
obtain potable water.

Table 5. Different scenarios to obtain water and cost.

Scenario Volume of supply (m”) Cost
(USD)
oSV FWG WWTP
1 100 X X 3355
2 X 100 X 236
3 50 50 X 1795.5
4 X X 100 258
5 X 50 50 247
6 50 X 50 1806.5

Source: Ismail et al. (2019).

As presented in the case study from Petrobras, it seems like a normal practice to
have more than one source for potable water inside offshore platforms. Since, in this way
they can rely on one source if another one is contaminated or inadequate for consumption.
On Table 5, can be observed a combination of these three techniques and the estimated cost
when they are employed together. Another important information, is that for 1 m3the cost
for OSV is around U$33.55, FWG U$2.36 and WWTP U$2.58, which are in accordance
with the values reported by Silva (2016).
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4.3 PRODUCED WATER TREATMENT COMPARISON

Produced water is conventionally treated through different physical, chemical, and
biological methods. In offshore platforms because of the limited space on site, compact
physical and chemical systems are applied (AHMADUN et al., 2009).

Figure 14 presents the produced water treatment process often employed for
offshore oil field, which is composed of (1) Pretreatment, (2) Standard-reaching treatment
and (3) Advanced purification treatment (LIU et al., 2021). On Table 6 are presented the
removal efficiency from each step and the technology description applied.

Figure 14. Water treatment process often employed.
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Source: Liu et al. (2021).



Table 6. Removal efficiency from each step treatment.

Treatment Remaoval S —
step efficiencies Descripfion Technology Technology description
Influent - 500-10,000
ppm total O&G and APl [which i the organization that Typically, a rectangular tank with
200-500 ppm total established the specifications for gravity setting for solids and
suspended solids the industry in the United States) skimmer for free O&G
(T33])
Contains stacks of angled
corugated plates which resultin
EEE " plulfe sae_pa (CF3) a reduced s=ftiing distance for
ore 9 FHEETEHTS solids and rise distance for free
i Typically remowes [CFls] O&G: prene fo plugging in high
Frimary a rough cut of T3S solids/scaling applications
— and free O&G
ppm free D&C and Typically used offshore dus to
100-200 ppm TS5 space and weight constraints and
not affected by boat's pitch and
roll; no meving parts but requires
T ETE pressure drop for separation; sizing
pased on difference: in density;
can for either a quid,liquid [L/L)
or solid/Tiquid [5/L] variety
Treatment Remowval L .
step efficiencies Description Technology Technology descripfion
Effluent - Gas (nitrogen, air. fuel gas, etc)
free Q&G - 50- introduced to o recycle stream via
200 ppm* top mixers, which create o
T35 - 50-100 ppm* Typically, varety of Induced gas flotafion (IGF) supersaturated sclution. When the
Ao ietion unis solution is reinjected to the flotator,
*dependent on infreducing small bukbles are formed, resuliing in
particla size gas bubiles fiotation of sclids.
[nifrogen, air, oF Gas [nitrogen, air, fuel gas, etc.)
fuel gas most infroduced via pump or saturation
common) to . - tank system. Recycle steam is
ey Dissclved gas flotation (DGF) U e el e gt sty
OEG with a the flotator, where solids float to the
Secondary e bottom solids surface.
f UEO&E; 20- removal device; Same as above but specifically uses
200 N : may use chemical Dis fiatation (DAF) air [cannot always be used for
s -pszjm . |ccagulant and/or == produced water due to safefy and
Ppm flocculant] for environmental concerns).
better remaowal [ bove but izl
EEEETIEIET e Dissolved ritrogen fiotafion [DNF) o= osalovs Belsesates =
pariicle size F . rogen.
indusiry may use Generic term for flotation unit with a
fhese :’"""5 o short residence fime, which is
SiEERsEEy . . ically desired for offshore wafer
Compact istafion unit (CFU) ""'p'll .:nr targeniid et
(centifugal force) aids in
separation.
Bed of nut shells [typically 20-30
mesh| that naturally has affinity for
free cil; pericdically bachwashed fo
remove the cil and dislodge
e oA = suspended solids through agitation
of the filker bed: although not
designed for T85 removal, bed
inherently also fraps T33.
Cornsumakble media con be fifer
Filter media cartridges, bag filters, or proprstary
[erganaciay]
Effluent - 1-10 Bed with layers of media of different
ppm free O&G density and paricle size to frap
and 1-10 ppm various-sized T35; different media
Tsge Various fifration densities allow media to restrafify
Terfiary methods Multimedia filters [MMF) during backwash to retain separate
layers; not designed for O&G
°deF_"E"df3"” an removal, but can be effective at
porticle size and peolishing effiuent from other
media size

treatment processes.

Activated caroon fillers

Granular acfivated caroon for
remaoval of organics; typically used
for offshore flowback with vessels
retumed omshore when job
completed.

Microfiltration (MF) or ultrafiliration
(UF)

Ceramic or polymenc membranes
provide a physical bamier to remove
pariicles from the filirate; few
installations but emerging as
technology due fo need for better

parficle removal.

Source: Water Environment Federation (2018).
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According to Liu et al. (2021) novel methods are employed for overcoming the
issues with conventional produced water treatment processes (lengthy procedure, space
occupation and limited treatment efficiency). Novel methods are proposed by combining
new technologies, such as: tubular separation, combined fibers coalescence, and membrane
separation. On Table 7 are presented the principles, advantages, disadvantages, and the set-
ups of these novel techniques.

Table 7. Novel techniques for produced water treatment.

Technologies ~ Treatment Stage Principle Advantages Disadvantages Development trend

1. The densit; .
y Enhancement of

differences e T L
Qil Layer . adaptability to
between D i 0 1. The performance -
. harsh conditions
heterogeneous Dense-Packed Layer 1.Compactand  of the . .
Tubular i3 : . . with fluctuation as
Pretreatment phases under can be installed  anti-fluctuation as a

separation a pretreatment
technology that
may be used under

water.

the effect of
gravity or the

swirling flow Water Layer ]
field. —_—

under water. pretreatment needs
to be proved.

S 0 o
Sedimentation Layer | _©,
°

1. Coalescence 1. Blockage would

of oil drops be caused by solid
1. The suspend .
induced by . particles with
. solids can
oleophilic millimeter-scale .
penetrate the Development of a
fibers. dimensions. .
. fiber module general design
Combined 2. Physical 2. Separation L
Standard reaching without h e principle based on
fibers demulsification . efficiency is affected -
treatment . blocking. the surface
coalescence at the crossing . by the parameters .
. 2. Capable of . . characteristics of
point of of fibers. The device
. handling PW - materials.
hydrophilic and . B should be designed
. - with high oil .
oleophilic fibers X-type module Q-type module Rapid separation module according to the
content. X .
based on the characteristics of
different PW.
surface
energies.
Dead-end fitration 1. Purification is 1. Easy tobe
advanced. polluted.
1 Functi f 2. Have Backwashing is
- unc On..o separation necessary.
filtration driven 2. Pol: -
by pressure effects on - Polymeric Novel membranes
Advanced y P - suspend solids. membrane material with high flux and
Membrane " . 2. As the carrier - degradati h LE
separation purification of chemical Particle 2 3. Dissolved egradation when  pollution resistance
P treatment agent. catalvst organic subjected to high based on material
aid ! ¥ substances can ~ temperature science.
) ) be removed by ~ (>50 °C)
microorganism. .
choosing a temperature of PW
Filter surface suitable is higher than 50 °C
membrane. generally.

Source: Adapted from Liu at al. (2021), Igunnu and Chen (2014).
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4.4 PRODUCED WATER MANAGEMENT

According to Hale et al. (2019), Clark and Veil (2009) produced water represents
the largest volume by-product associated with oil and gas exploration and production in
offshore platforms. Its composition include water from the geological reservoir, water
previously injected into the formation, and any chemicals added during the production
processes. Besides that, depending on the location and the geological formation of the well
it is common to find components such as dispersed oil, aromatic hydrocarbons,
alkylphenols, organic acids, heavy metals, radioactive materials, and inorganic salts in the
produced water composition.

Typical management of produced water in offshore environment is either discharge
into the ocean after sufficient treatment, injection back into the reservoir or reused in
another suitable application (AZI1ZOV et al., 2021).

4.4.1 Reinjection

The purpose of produced water reinjection into formation wells is mainly to
compensate for the gradual loss of pressure inside the reservoir and to enhance oil recovery.
The attractive goals of both saving freshwater usage along with reducing waste disposal or
near-zero discharge, made reinjection as an example of smart water source management
which turns waste into resource (SIAGIAN et al., 2018; MOTA et al., 2013).

Some care must be taken to implement the reinjection of produced water in adjacent
wells. Due to the high content of solids (20 to 80 mg/L), and the presence of particles larger
than 30 microns, filtering is necessary to meet the specifications, as well as the chemical
separation process due to the high content of oils and grease, in order to prevent plugging
wellbore, reservoir pores and prevent system failure (SILVA FILHO, 2013).

According Tiburcio et al. (2021) Bedrikovetsky et al. (2009) and Nihalani et al.
(2010) the produced water employed for reinjection must be free of sulphate. Firstly,
because seawater and produced water are sulphate-rich, which can cause sulphate salt
deposition and consequent injectivity impairment. Secondly, due to the presence of harmful
bacteria such as sulphate reducing bacteria (SRB), leading to hydrogen sulfide formation
and consequently, causing cracking, corrosion, integrity and safety problems.
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As reported by Azizov et al. (2021) produced water reinjection into the reservoir
can be performed under two conditions: matrix injection and fracture injection. The
decision on what strategy to follow depends on the goals of water injection, reservoir
properties and associated risks.

e Matrix injection: assures optimal efficiency considering the heterogeneity of the

reservoir, however, it is dominated by particle plugging of the formation, which can

cause severe injectivity decline.

e Fracture injection: provides a way to mitigate the matrix plugging and gives higher

long-term injectivity. Fracture injection allows poorer quality of the injection water,
which reduces the costs of water treatment. On the other hand, there is a possibility
that poor quality of water will cause excessive fracture growth (AZIZOV et al.,
2021).

The produced water reinjection has also the mechanism of sweeping the oil on the
rock, causing the displacement from the injector well to the producing well (SILVA FILHO,
2013). In Figure 15 is presented an example of produced water reinjection and discharge
from a FPSO type of platform.

Figure 15. Produced water reinjection and discharge.
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442 Reuse

Reuse of produced water can provide important economic, social, and
environmental benefits, particularly in water scarce regions (GRAY, 2020).

Nasiri et al. (2017) described that produced water can be employed for industrial
purposes such as to make-up stream for cooling towers, which needs large quantities of
water for continuous operation. This new option for makeup stream of cooling towers can
eliminate some of the process costs.

For oilfield operations, produced water can be used for hydraulic fracturing, a type
of well stimulation technique. According to the American Petroleum Institute (2021)
hydraulic fracturing is an advanced technology that is used to enhance the flow of energy
from a well after drilling is complete, it creates new fractures into the rocks and also
enhances the size of existing fractures. This process is carried out by sending a mixture of
water, sand and certain additives into a deep-rock formation at high pressure. Soon after the
fracturing occurs, water returns to the surface as “flowback” or wastewater. At that point
the wastewater needs to be recycled, treated or disposed of.

Gray (2020) stated that produced water can also be reused offsite for non-oilfield
applications, such as crop irrigation, livestock consumption, municipal applications,
industrial process and power generation. However, it is necessary to consider some factors
for offsite reuse such as economic, regulatory, environmental/social and corporate policy
challenges, as presented in Figure 16. It is important to think about transportation, storage,
treatments, the public perception, costs involved and the impacts that it can cause on
society.

According to the American Geoscience Institute (2018) less than one percent of
produced water is reused outside the oilfield. In countries where water is already scarce
treated produced water has already become a solution. One example is produced water
being employed for dust and ice control in the USA (GOODMAN, 2017).

In Brazil, the reuse of produce water outside the oilfield is still not very affordable
due to all the cost involved in treatments, transportation and storage. Therefore, there are
only few studies about produced water being employed in non-alimentary agriculture such

as sunflower, castor oil plant and ornamental pineapples (CRISOSTOMO, 2018).
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Figure 16. Important factors to be considered for offsite reuse.
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Source: Gray (2020).

4.4.3 Discharge

According to Siagian et al. (2018) discharge is the most common practice of
produced water treatment. There are several studies searching a better method for produced
water treatment being developed due to the more stringent regulation of water discharge.

As an example, Azizov et al. (2021) stated that on the Norwegian Continental Shelf,
more than 75% of produced water is discharged into the ocean, after treatments to meet the
environmental regulations specification.

Each country has its own regulations and water quality specifications for produced
water discharge. This matter has already been discussed in chapter 2.3. In Brazil, it is
necessary to follow the CONAMA Resolution N° 393 (2007).

According to Al-Ghouti (2019) the traditional techniques such as hydrocyclone,
gravity separation and media filters employed to treat produced water to be discharged or
reinjected into the wells, the estimate cost is around $0.509/m?® of water. However, for
produced water to be reused in other applications, advanced desalination techniques are

required, therefore the estimated cost is around $3.808/m? of water.
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This might be one of the reasons why discharge is the most common option for
produced water around the world. Even though, the cost for reusing treated produced water
in other applications is considerably higher than for water reinjection or water disposal, it’s

important to remember that reusing water can reduce the environmental impacts and
decrease the demand for other water sources.
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CONCLUSIONS

Through the findings presented in this work, it can be concluded that produced
water is indeed the largest by-product of offshore exploration. Even though, Brazil's wells
are relatively young compared to the ones abroad, it still generates millions of barrels per
year. It is really concerning since produced water contain toxicities and can generate
environmental impacts on the marine ecosystem. This reinforces the need for water pre-
treatments, correct handling, reuse and/or disposal according to the current laws,
regulations and standards.

The water management inside an offshore platform is complex because it involves
different types of water (potable, produced, reuse and waste). It was difficult to obtain
information about water management of platform operating companies, probably due to
data protection and privacy strategies. The only viable approach found in this study was to
acquire information through the descriptive memorials that were available online for the
platforms auction. Therefore, it was verified that in Petrobras platforms potable water was
obtained by both ways via transportation and desalination. Another important finding was
that in Petrobras semi-submersible platforms there was not available a treatment system
for effluents or produced water. All the water volume had to be transported to a near
platform to be treated.

Another important factor found in this works was about the cost of produced water
treatments. The reason why the percentage of produced water reuse is small and not
always viable is due to the costs of treatment, transportation and storage of the water. The
cost for treating produced water to be reused in other applications is substantial higher
than for treatments for produced water reinjection or discharge. Countries where water is
not abundant are already reusing treated produced water in a variety of applications. In
Brazil, this practice is still not disseminated, probably because Brazil is a blessed country
and possess the largest amount of potable water in the whole world. However, it is
possible that in a near future the reuse of produced water will be a common thing in our

lives due to the cost reduction of the equipment and the water scarcity.
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