HYDRATES

TROUBLES &
OPPORTUNITIES




The gas hydrates are deposits
similar to ice. They occur when
hydrocarbons come into contact
with water at specific T and P.

Gas, condensates and oil can
produce  hydrates in cold
habitats (ex. deep walers, seabed
conditions T=3+4°C; sealine

working pressure 70-+80 bar).

1- HYDRATES

Gas hydrates are crystalline solids similar
to ice, consisting of water (about 85% of
the total) and gas (e.g. methane, nitrogen,
helium Fig. 1 )"'°. These compounds are

stable at high pressures and low
temperatures.
The above conditions may occur in

different points of the oil production

HYDRATE DEPOSITION ON PIPE WALL
(SINTEF-Annual report 1992
Hydrate formation and behaviour in flowing fluids)

system: pipelines, production facilities.
They may occur in subsea lines (e.g. North
Sea, Gulf of Mexico) when oil and/or
unstabilised wet gas are transported
together (multiphase). In fact, the pressure
in these pipelines is usually high and the
temperatures low - being close to the
seabed temperature.
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FIG.1 - STABILITY PREDICTION OF HYDRATES IN A GAS PIPELINE




Another example of hydrate occurrence is
during the storage of gas in underground
caves (Nixdorf and Oellrich 1996)"".
Usually the temperature inside these caves
is too high to enable the formation of
hydrates, however the dry gas which is
injected may become saturated with water.
As the wet gas is collected during winter,
temperatures close to the surface may be
low enough to promote the formation of
hydrates. = The first reported case of
hydrates forming outside the lab dates back
to 1934 (Hammerschmidt)'> and involved
the attempt to distribute gas saturated with
water during winter.

Gas hydrates are also present in the natural
environment, below ocean beds and in the
permafrost.

The structure of hydrates, their chemical -
physical characteristics and thermo-
dynamic behaviour have already been
widely studied. However, as concerns the
formation of these compounds, a great deal
still has to be discovered about the kinetic
aspects which govern the reaction and
control the rate of formation.

The technologies related to hydrates have
mainly been developed as a result of
knowledge on the thermodynamics of these
compounds.  Thermodynamics make it
possible to identify the stability conditions
of hydrates in various compositional states
(description of phase equilibria with
various types of hydrocarbon mixtures) and
to plan chemical treatments for inhibiting
these products (calculation of the required
amounts of methanol and glycol for
inhibiting  the  hydrate = formation,
description of the phase equilibria in the
presence of inhibitors).

To sum up this brief look at the main
characteristics of hydrates, we shall
mention a particular aspect of these
compounds: an ice-cube is stable for a
fairly long time - several hours - at ambient
pressure and at temperatures below 0°C.

In fact the decomposition process of
hydrates is slow. The most interesting
aspect of these compounds is when the

hydrocarbon gases, which are released
through decomposition, are burnt. It is as
if an ice-cube, which the gas hydrates
resemble, were to burn (Fig.2).

(M.BYLOV - Ph.D. Thesis - 1997

FIG. 2 - METHANE HYDRATE COMBUSTION
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2 - WHY THE OIL AND NATURAL
GAS INDUSTRIES DEAL WITH GAS
HYDRATES

The oil industry deals with gas hydrates in
terms of both problems and opportunities.
Hydrates are a problem as they can form in
many different situations at each level of

Yet these compounds also represent an
opportunity and a challenge to the present-
day frontiers of hydrocarbon production, as
through control of hydrates is essential in
developing new areas such as: marginal
reservoirs (the North Sea, the Gulf of
Mexico) and gas hydrate reservoirs (Alaska

the hydrocarbon (oil and gas) production

cycle: drilling, production, processing'*?'. Messoyakha Field).

EXAMPLES OF HYDRATE OCCURRENCES
IN PETROLEUM INDUSTRY

Hydrates and multiphase production (oil +
gas+water) (Ref.19,20)

Hydrate formation/inhibition during deepwater
subsea completion operations (Ref. 21) and
production (Ref. 22, 23)

Gas hydrates formation and deposition in gas
or gas condensale streams
(Ref. 17, 39)

Plugging problems in undersea natural gas
pipelines under shutdown conditions (Ref. 14)

Formation and control in long distance
submarine pipelines (Ref. 15)

section of the Kuparuk River; the Siberia-



3 - HYDRATES - THE PROBLEMS

Hydrates are solids, which increase and
cake so quickly when they crystallise, that
they obstruct the facilities: which may be
anything from a pipeline to a well
completion. For this reason the effects of
their presence may be extremely serious for
carrying out normal production operations.
The formation of hvdrates during drilling
operations is usually due to concomitant
causes, such as low temperatures-high
pressures-drilling mud  make  up-
hydrocarbon composition water
production. Two cases have been widely
reported: the first concerns the drilling of a
well offshore the western coast of the
United States (depth 350m, mud-line
temperature 7°C); the second, the drilling
of a well in the Gulf of Mexico (depth

| Satellite Well I

945 m, mud-line temperature 4°C)2. In
both circumstances, the hydrates obstructed
the choke and kill lines during gas kick
control operations.

The formation _of hvdrates  during
production is mainly linked to operations
performed in cold habitats (for example
deep waters)”?* which cause major
pressure  increases. It has been
demonstrated that these conditions usually
occur during production start-up or during
prolonged shut down of a well which has
previously been in production.

The hydrates may also form while the well
is in production. The figure 3 shows a deep
water scenario, water may be present in the
flow lines and T/P conditions (4-7°C;50-
100 bar) can promote the hydrate
deposition.
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FIG.3- HYDRATE LOCATION (WHITE ARROWS)
IN DEEP WATER SCENARIO : TOTAL SUBSEA PRODUCTION
(AGIP-RIIN Dept.)




The formation of hydrate plugs can lead to
various  consequences: hydrocarbon
production may drop significantly until it
stops, obstructions can make it hard to
control wireline tools in the tubings, the
hydrate plugs may negatively affect the
opening and closing of the downhole
valves which control the flow of fluids
produced in the tubing and the annulus.
The hydrate deposition experimented in a
laboratory loop using different flow
conditions showed that various types of
hydrate can be produced: slurry-like or
ball-like or wall adhesive thin layered . In
the figure 4 are represented three different
cases. The hydrate obstruction of the line is
observed only in B and C.

Formation of hvdrates during transport
The presence of hydrates in the production
cycle has even been identified during the
pipeline transport of fluids and in this case
too, the problem of hydrates affects both
gas and liquid hydrocarbon transport. An
oil, which consists mainly of heavier
hydrocarbon components, also contains the
lighter hydrocarbons which generate
hydrates. Line obstructions due to the
formation of hydrates have mostly
occurred in the subsea transport of gas and
condensate, as operative conditions are
usually harsher in these cases (high
pressures, low temperatures). The
accumulation of these crystalline solids
may also occur in horizontal sections, in
particular locations (depressions and
narrowings).

The entity of this problem may vary and
depends on many factors: the length of the
lines, the amounts of water transported, the
operative conditions.

From 1990 to 1993 the Norwegian
Petroleum Directorate (NPD), in
association with SINTEF, performed two
studies to define the type and entity of
hydrate-based problems related to drilling
activities on the Norwegian continental
shelf® A detailed questionnaire about

hydrate formation events in sealines was
handed out to 15 companies operating in
the North Sea. The reported cases of
hydrate formation concerned:

- a 12 km long, 9” oil/gas sealine, where a
faulty valve led to an anomalous inlet of
water, which in turn triggered on the
formation of hydrates;

- a 12 km long, 6” oil/gas sealine, where
hydrates formed during production start up.
Suitable inhibition procedures had not been
adopted;

- a 7 km long, 5” oil/gas sealine, where
total obstruction occurred because of the
hydrates. In this case the critical factor
was identified as the sudden drop in
temperature due to an unscheduled shut
down operation.

Another aspect of the problems related to
hydrates is the potential safety risk during
operations to eliminate these substances.
One of the most common methods for
eliminating hydrates is to melt them by
depressurization. (Fig.7). It can be hard to
control this operation, because of the
characteristics of the solids which form.
These solids are not usually homogeneous
and may incorporate foreign bodies (sand,
shale). Accidents related to damage to
control structures and equipments have
occurred during these operations, due to
the uncontrolled movement of plugs along
the line.



HARD HYDRATE DEPOSIT ON THE WALL

SOFT HYDRATE PLUG AND ADHESIVE HYDRATI

FIG. 4 - HYDRATE MACROSCOPIC STRUCTURES IN
AN EXPERIMENTAL FLOW LOOP.
(SINTEF-Annual report 1992

Hydrate formation and behaviour in flowing Muids)




4 - STATE OF THE ART OF
CURRENT TECHNOLOGIES FOR
CONTROLLING HYDRATES

Know-how on thermodynamic behaviour is
now consolidated, and a great deal of work
has been done on modelling the
thermodynamic behaviour of hydrates. A
variety of simulation programmes currently
exist on the market and these can be used
to successfully evaluate the T, P conditions
for the formation of hydrates, describe the
chemical-physical  properties of the
hydrates and calculate the effects of some
inhibitors on the stability of these
compounds.  Agip uses the HYDSIM
programme by CALSEP A/S.

Current strategies for controlling these
compounds are based mainlz/ on the
knowledge of [hermoclynamics.3 “0 In fact
the most common means for preventing the
formation of hydrates are:

® climinating the water phase from the

relevant system;

® increasing the system’s temperature to

values above the range where hydrates
are stable at a given pressure;

® decreasing pressure to values below the

range where hvdrates are stable at a
given temperature;

® injecting inhibitors, such as methanol,

to move the thermodynamic stability
curve of the hydrates so that the
compounds do not form in the system's
current temperature and pressure
conditions (Fig.5).
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FIG. 5 - DEPRESSURIZATION, THERMAL AND CHEMICAL INHIBITION
EFFECTS ON HYDRATE STABILITY.
(Modified from M.H.Yousif et al. .SPE 30641, 1995)




4.1 - Treating hydrates with chemical
products***

The conventional method for preventing
the formation of hydrates, after optimising
the T and P conditions, is to inject
chemical products. The oil industry,
including AGIP, mainly uses methanol and
glycols (diethylene glycol and triethylene
glycol).  These inhibitors act on the
thermodynamics of the system, by

likely. The product must also be handled
with care, as it is inflammable and highly
toxic upon direct contact.

Regardless of the choice of chemical,
treatments with these products are no
longer effective when the water cuts are
high (30-60%). In these cases, such big
amounts of product may be required that
there are no longer any advantages in
producing the hydrocarbons.
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lowering the temperature and increasing
the threshold pressure of the hydrates. In
operative terms, these inhibitors are chosen
on the basis of the efficiency-cost ratio of
the products used. The figure 6 shows the
main parameters selected for comparing
methanol, monoethylene glycol, diethylene
glycol and triethylene glycol: the quantities
needed to obtain the same degree of
inhibition, cost, irreversible losses of the
chemical, possibilities of recycling the
product, problems in using it.

Methanol is the most widely used of these
products,because of its cost and efficiency.
It reacts with the solid surface of the
hydrate more quickly than the other
products, however it is the hardest to
recover. It is normally used as a disposable
product, while glycols are recycled and put
back into the system. Because of its high
vapour pressure, irreversible losses of
methanol are more

4.2 -Treating hydrates with thermal
methods*

Hydrates can be eliminated by using
external energy sources to increase the
system’s temperature and  cause the
decomposition of the hydrates. Hot water
or steam re-circulation systems exist, as
well as the use of thermal tracers and
electromagnetic energy. However these
systems alone are hardly ever efficient
and are normally combined with
depressurization and chemical inhibitor
treatments.

Thermal insulation can be used to prevent
the formation of hydrates. Insulation, with
varying costs, may be applied for both
hydrocarbon pipelines and for wells
(tubing insulation). One of the most
efficient insulation methods consists of a
double walled line, with a vacuumed or
gas-filled annulus to further reduce heat
dispersion.



43 - Treating
depressurization*

hydrates  with

Depressurization is practically the only
way to eliminate hydrate plugs from gas
and/or condensate gas subsea pipelines.
This method is normally applied with a
fairly limited knowledge of the location of
the obstructions and their entity. During
depressurization, the pipeline pressure is
decreased to a value below the hydrate
equilibrium pressure referred to the seabed
temperature.

As a result, the solid hydrate begins to
dissociate and produces heat which is
absorbed by the surrounding environment.
The generated heat expands towards the
obstruction, further increasing dissociation
which stops when a new thermodynamic
equilibrium has been reached.  The
decomposition process of the hydrates is
related to the line temperature and extent
of the pressure variation applied (Fig.7).
Eliminating hydrates by depressurization is
usually a slow process (at times, it may
take days), if applied at a low temperature
and with slight drops in pressure.
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5- NEW DEVELOPMENTS IN
HYDRATE TECHNOLOGY

New developments in hydrate technology
have focused on three main aspects:

¢ identifving new chemical inhibitors
which will radically change the current
approach to using chemical treatments;

¢ perfecting a new technology for

transporting  natural gas as gas
hvdrate;

¢ applying innovative technologies for

putting hydrate fields into production.
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5.1 - Kinetic inhibitors, a new approach
to treating hydrates“'52

At present, chemical treatments for
hydrates are focusing on alternatives to
thermodynamic inhibitors (methanol and

glycol) (Fig. 8).
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FIG. 8 - CHEMICAL TREATMENTS FOR HYDRATES




Suggestions have been made for a low
dosage chemical treatment system, where
the chemical is disposed of, so its
environmental impact is reduced. The
significantly lower dosage levels mean that
costs for purchasing, treating and
recovering the product are also reduced.
Agip, like many other oil companies
(Conoco, Shell, Elf), is sponsoring research
on the identification and selection of a new
class of products: kinetic inhibitors.

Lab tests have already identified some new
chemical products (e.g. polyamide
polymers such as PVP, PVCap, VC-713,
VP:VCap , Fig.9 ), however information
on these products’ efficiency in the field is
still incomplete.
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BP has tried out Kinetic inhibitors
(Corrigan 1995)> in the North Sea, on a
pipeline which transports wet gas from the
Ravenspurn field to the Cleeton field. The
line is 13 miles long, with a temperature
(8-9 °C) and pressure (75 bar) that are
suitable for the formation of hydrates.
During the test, methanol - which is
normally used as the inhibitor - was
successfully replaced for seventeen days
with a kinetic inhibitor that was not
specifically defined. The authors state that
these inhibitors enabled efficient control of
shut down and re-start operations, which
are generally the most critical for hydrates.
The basic idea behind the use of kinetic
inhibitors is to control hydrates, by
controlling the kinetic processes of their
formation and therefore their formation
times (Fig.10). The fact that this new class
of products acts on the kinetics of reactions
has radically changed the concept of this
treatment. The reason for this is that the
kinetic inhibitors affect the mechanisms
which the first stages of hydrate formation
depend on: the formation of the first
crystalline nuclei (nucleation) and the rate
at which they grow. As far as we know,
the kinetic inhibitors should act with water
and gas on a molecular level as if they
were catalysts, yet they should hinder,
rather than favour, the onset of the reaction
of hydrate formation.

H | CH;~ ?H o
O
g N~/

VP:VCap copolymers

FIG.9 - CHEMICAL STRUCTURE OF SOME POLYMERIC KINETIC INHIBITORS




Like catalysts, these compounds should be
active in very low concentrations and this
is the very reason why these products have
an innovative potential: the fact that very
low amounts (<1% in weight, while
methanol is  normally used in
concentrations ranging from 10 to 60 % in
weight) of inhibitor can guarantee efficient
inhibition.
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Today’s challenge is to identify chemical
products which not only have the
requirements described, but also offer a
high level of compatibility with other
chemicals, (e.g.: anti-corrosion products),
minimum environmental impact and low
production costs.

The experimented kinetic inhibitors may affect the phenomena of
hydrate formation and hydrate growth. In the figure 10 are drawn
the hydrate formation curves in three different cases:

1. absence of inhibitor

2. kinetic inhibitors affecting induction time (necessary to form
the first crystal of hydrate)
3. kinetic inhibitors affecting the growth of hydrate.

In the first case the hydrate formation is almost instantaneous.

In the second one the induction time is increased (the hydrate
formation is slowed down) , then the growth is very quick.

In the third case the growth of the crystals is controlled, so the
precipitation process is globally slowed down.
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6-HYDRATES:THE OPPORTUNITIES

The opportunities provided by hydrates are
linked to the search for new energy
sources. The oil industry is advancing
along two fronts, in this search:
technological innovation to enable the
commercial development of marginal
reservoirs and identification of alternative
hydrocarbon reserves.

As far as the identification of alternative
hydrocarbon reserves is concerned, there
is a great deal of evidence that major
reserves of hydrocarbons in the form of gas
hydrates exist in  the subsurface
(Fig.12)%%

There are two factors which lend interest to
gas hydrates as a potential energy source:
the vast amount of natural gas apparently
incorporated in the crystalline lattice of
these compounds (1 em’ of methane
hydrate produces up to 150 cm® of natural
as) and the extensive distribution of natural
gas hydrates world-wide. Credible sources
(Kvenvolden, 1993)* estimate world

Marine biota

Atmosphere

Detrital organic matte
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(natural hydrate gas reserves in the range of
1.4 x 10" to 34 x 10" m’ for the
permafrost and 3.1 x 10" t0 7.6 x 10"* m’
of gas for oceanic sediments .

These are speculative figures, with a wide
margin of uncertainty, however the leading
experts in the sector agree on an overall
estimated energy potential from natural
hydrate reserves in the range of 2 x 10" m*
of natural gas. This figure represents an
equivalent amount of carbon which is
approximately twice the amount evaluated
on the basis of known fossil hydrocarbon
accumulations (Fig.11). At present, only
Japan is developing new technologies for
the production of natural gas from natural
hydrate reservoirs. A five-year exploration
plan (1995-99) for offshore hydrate drilling
in the Nankai Trough area has been
financed by the Ministry for Trade and
International Industry (MITI) (Dagam-
1995, Okuda-1996).”7*

Peat Land biota
500 830

Dissolved organic
malter in water - 980

Gas hydrates

(onshore and offshore)

10000

= Soil - 1400

Fossil fuels
(Recoverable and no
5000

FIG. 11 - DISTRIBUTION OF ORGANIC CARBON IN THE EARTH.
NUMBERS ARE IN UNITS OF 10" G OF CARBON.
(KVENVOLDEN, 1993)%
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6.1 - Transport and storage of gas as a
hydrate**’

The idea is to develop a technology for a
new gas transport chain, where natural gas
is stored as a hydrate, the solid hydrate is
transported and the methane is finally
released through decomposition of the
hydrate.

This chain is called NGH (natural gas
hydrate Fig.13) and has been suggested as
an alternative to the natural gas
liquefaction chain (LNG -liquefied natural

gas).

WATER
CH

HYDROCARBON
FLUIDS
FROM FIELD

Norway at the Norwegian University of
Science and Technology (NTHU).

In 1990 Professor Gudmundsson patented
a method for generating and preserving
hydrates in conditions which were
practically  adiabatic. Gudmundsson
experimentally demonstrated that at
atmospheric pressure and at temperatures
ranging from -5°C to -15°C, the
decomposition process of hydrates is
basically negligible.

A feasibility study for transporting large
volumes of gas as a hydrate pointed to the
possibility of major savings in operative

SEPARATOR

DEPRESS.

\

SHIP LOADING

FIG. 13- SCHEMATIC OVERVIEW OF THE NGH PRODUCTION PROCESS
(J.GUDMUNDSSON, 1996)

6

Significant amounts of hydrocarbons do
exist in hydrates, in conditions which are
not too harsh (atmospheric pressure,
temperatures ranging from -10°C to -
20°C), with figures standing at about 150
Sm® of gas per m® of hydrate.The idea of
storing and transporting gas as a hydrate, at
atmospheric pressure, was developed in

costs (about 24%) compared to the LNG
technology (liquefaction-transport-
regasification). Many people are confident
that the NGH chain will be able to compete
on the LNG market, in the future, at least
for certain applications.



6.2 - Natural gas Production from gas
hydrate reservoirs™ "

A vast amount of natural gas is trapped as
hydrate in the earth’s crust and in oceanic
sediments ( 2 x 10'® m® of gas). This
resource cannot be developed, though, with
current technologies as we are still not able
to predict the effects in terms of material
stability ~ (subsidence), hydrogeological
balance (besides gas, the decomposition of
gas hydrate produces 85% water) and
€conomics.

So far, a series of models for recovering
the gas from gas hydrates (Fig.14) has been
studied. The different techniques proposed
are based on the common principle of
decomposing the hydrate in order to
produce the hydrocarbons it contains. The
main solutions to achieve this are:

[1] reducing reservoir pressure to below
hydrate equilibrium pressure
(depressurization);

[2] heating the reservoir, to increase the
temperature above the hydrate
dissociation temperature (thermal
stimulation by steam, hot water, hot brine
injection, in-situ gas combustion, micro-
wave stimulation, electromagnelic
heating);

[3] injecting chemical products (chemical
stimulation with methanol or glycols).

All these methods have advantages and
disadvantages. The most commonly held
opinion is that a synergetic approach to
using these methods is the most effective
solution, theoretically speaking.

In the West, (US, Europe) the study of
these models is a long way off from actual
operability and today, only Japan seems to
be making rapid progress towards putting a
development plan for hydrate fields into
operation.
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7 - WHAT WE ARE CURRENTLY
DOING ON THE SUBIJECT OF GAS
HYDRATES

Gas hydrates are studied by Agip especially
in relation to the problems connected to
natural gas and gas-condensate production.
According to ENI’s strategy to promote the
exploitation of natural gas and gas-
condensate so that oil production will be
exceeded in the next two-three years, great
improvements are expected in the
optimisation of chemical treatments of gas.
Most of these treatments regards the
hydrate inhibitors for gas production at
high pressure (Libya, Nigeria) and low
temperature (Kazakhstan). Hydrate
inhibitors as alternatives to methanol and
glycols are being considered to decrease
costs , to minimise the effects on
environment, to improve the efficiency of
the chemical treatments.

A project (‘New Hydrate Inhibitors’-DSP
255) has been sponsored since 1995 with
the aim of identifying new low dosage
hydrate inhibitors (kinetic type). Agip’s
efforts are currently focused on the
application of these chemicals in the field.
Case screening where hydrate treatments
are critical (high costs due to chemicals or
to unscheduled stop of production by
hydrates) is in progress.

Agip is advancing toward the commercial
development of reservoirs in deep waters:
Lower Adriatic Sea (Aquila Field), Nigeria
(Abo Field), Congo, Gulf of Mexico (East
Breaks). The development of deep water
offshore fields is strictly connected to the
more efficient solution of hydrate problems
because the costs of present-day solutions
(standard inhibitors such as methanol and
glycol, insulation of the lines) are very
high.

Last but not least, the technical
involvement of Agip in hydrate inhibition
during multiphase production and transport
of crude oils and natural gases is to be
considered. One of the challenges of the oil

18

industry is to commercially develop the
marginal reservoirs (areas characterised by
fairly small hydrocarbon reserves, 2-3 x
10° m®, located far from existing facilities).
The fundamental idea is to transport in
multiphase conditions  (oil+gas+water)
production fluids, directly onshore or to a
centralised treatment facility. To realise
this project innovative technologies are in
development in various sectors (new
pumping systems, new flow rate
measurement systems, hydrate controls) in
order to reduce cost and treatment
facilities. In this context a very important
role is played by the control of hydrate
formation using new type of chemicals.

Agip’s activities summary

Optimisation of chemical treatments in natural
gas and gas condensate production at high
pressurc (Libya. Nigeria) and low temperature
(Kazakhstan).

Problem prevention. Hydrate problems must be
considered in the exploitation of hydrocarbons
reserves in deep/cold seawaters ( e.g. Lower
Adriatic Sea, North Sea, Nigeria, Congo, Gulf of
Mexico) .

Research and development is aimed at :

e Decreasing costs, minimising the effects on
environment, and improving the efficiency of
chemical  treatments. Since 1995 we are
sponsoring the project New Hydrate Inhibitors
with Amoco, Conoco. Mobil, Elf, Norsk Hydro,
Hoechst, Tros for the identification of new low
dosage kinetic hydrate inhibitors. The screening
of cases where the new hydrate treatments can be
tested is in progress. Possible field test sites could
be Cortemaggiore and Fornovo (operated by SPI).
e Detecting the presence of natural hydrates in
Mediterranean Sea. A dedicated research pmjc('ti
( Ricerca di idrati di metano con metodi geofisiéi
DES 162 ) was launched in 1997 and results are
expected in 1999. The seismic data already
available are analysed to infer the occurrence of
natural hydrates near the seabottom,
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