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A METHOD FOR TREATING A HYDROCARBON CONTAINING FORMATION

The 1nvention relates to a method for treating a

—

hydrocarbon containing formation in-situ and producing a

hydrocarbon fluid from the formation, by pyrolysing

hydrocarbons present in the formation.

Hydrocarbons obtained from subterranean formations

are often used as energy resources, as feedstocks, and as

consumer products. Concerns over depletion of available

hydrocarbon resources have led to development of

processes for more efficient recovery, processing and use

of available hydrocarbon resources. In-situ processes may
be used to remove hydrocarbon materials from subterranean
formations. Chemical and/or physical properties of

hydrocarbon material within a subterranean formation may

need to be changed to allow hydrocarbon material to be

more easily removed from the subterranean formation. The

chemical and physical changes may include in-situ

reactions that produce removable fluids, solubility

changes, phase changes, and/or viscosity changes of the

hydrocarbon material within the formation. A fluid may

be, but 1s not limited to, a gas, a liquid, an emulsion,

a slurry and/or a stream of solid particles that has flow

characteristics similar to liguid flow.

Examples of in-situ processes utilizing downhole
heaters are i1illustrated in US-A-2634961, US-A-2732195,
US-A-2780450, US-A-2789805, US-A-2923535 and
US-A-4886118.

For example, the application of heat to oil shale

formations 1s described in US-A-2923535 and US-A-4886118.

Herein, heat 1is applied to the o0il shale formation to

pyrolyse kerogen within the oil shale formation. The heat

also fractures the formation to increase permeability of
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the formation. The increased permeability allows

hydrocarbon fluids to travel to a production well where

the fluid is removed from the o0il shale formation. In

US-A-2923535 pressure was applied by closing all gas

outlet valves for the purpose of testing the formation’s

porosity and permeability for gases and vapours.

US-A-2923535 is silent about maintaining an increased

pressure during the production of gases and wvapours.

There has been a significant amount of effort to

develop methods and systems to economically produce

hydrocarbons, hydrogen, and/or other products from

hydrocarbon containing formations. At present, however,

there are still many hydrocarbon containing formations
from which hydrocarbons, hydrogen, and/or other products

cannot be economically produced. Thus there is still a

need for improved methods and systems for production of

hydrocarbons, hydrogen, and/or other products from

various hydrocarbon containing formations.

It has now been found that by applying during

pyrolysis a hydrogen partial pressure at a moderate

level, usually below 50 bar, the hydrocarbon fluid

produced from the formation is improved in quality. In

e

particular the presence of hydrogen at a moderate partial

pressure increases the API gravity. Further, it reduces

the production of long chain hydrocarbon fluids, olefins

and poly-aromatic compounds, and it reduces the formation

of tars and other difficult to upgrade, crosslinked

products.

"

In view of the prior art, this is an unexpected

result. For example US-A-2595979 teaches the application

of a hydrogen partial pressure above 1000 psi (about
70 bar), up to 10000 psi (about 700 bar) and moreover

that structural limitations usually require the use of

_

pressures in the lower portion of this range, and that

higher pressures are desirable whenever practicable.
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Accordingly the method according to the invention

comprises pyrolysing hydrocarbons in the formation in the

presence of hydrogen at a hydrogen partial pressure of at
least 0.1 bar and at most 50 bar.

Suitably, the quantity, the composition and the

quality of the hydrocarbon fluid produced in the

pyrolysis may be controlled by controlling the pressure

in relation to the applied temperature and vice versa. In
this respect the quantity, the composition and the

quality of the hydrocarbon fluids may be defined by one

or more relevant properties, such as API gravity, olefin

to paraffin ratio, elemental carbon to hydrogen ratio,

equivalent liquids produced (gas and liquid), ligquids

o

produced, percent of Fischer Assay and the presence of

hydrocarbons with carbon numbers greater than 25 within

the hydrocarbon fluids. The pressure for a selected

tem

perature, or the temperature for a selected pressure,

which:may vield hydrocarbon fluids having the relevant

property may be determined using an equation, i.e.

gr-

“equation 1” hereinafter, of the form:

—A
+B
P=0. 07*eT+273

wherein P is the pressure (bar absolute), T is the

temperature (°C), and A and B are parameters which relate

to the relevant property and which can be determined by

gr—
-——

experiment. The dimensions of the factor 0.07 and the

parameters A and B are such as to comply with the

dimensions of P and T.

In many cases, the application of the temperature/

pressure control will involve to the application of an

increased pressure during the pyrolysis. It has appeared

gi—
—

that the application of an increased pressure has a

number of unexpected advantages. These advantages apply

F

independently of the application of the present

temperature/pressure control.
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An increased pressure in the formation results in the

production of improved hydrocarbon fluids. As pressure

within the formation is increased, hydrocarbon fluids

produced from the formation include a larger portion of

non-condensable components. In this manner, a significant

amount (e.g., a majority) of the hydrocarbon fluids

produced at such a pressure includes a lighter and higher

quality condensable component than hydrocarbon fluids

produced at a lower pressure.

Maintaining an increased pressure within the heated

formation has been found to substantially inhibit

P

production of hydrocarbon fluids having carbon numbers

greater than, for example, about 25 and/or multi-ring

hydrocarbon compounds. It also appeared that maintaining

an increased pressure within the heated formation results

in an increase in API gravity of hydrocarbon fluids

produced from the formation. Thus, higher pressures may

increase production of relatively short chain hydrocarbon

fluids, which may have higher API gravity values.

Further, maintaining an increased pressure within the

formation inhibits formation subsidence. Maintaining an

increased pressure within the formation also tends to

I

- collection conduits which

reduce the required sizes o:

are used to transport condensable componentS. Malntaining

an increased pressure within the formation may also

g

facilitate generation of electricity from produced non-

condensable fluid. For example, the produced non-

condensable fluid may be passed through a turbine to

generate electricity.

The 1nvention also provides a method for producing

synthesis gas which method comprises providing a

hydrocarbon containing formation which is treated

according to this invention and reacting the hydrocarbon

containing formation with a synthesis gas generating

fluid.
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The invention also provides a method for producing

hydrocarbons comprising providing a synthesis gas which
synthesis gas has been produced according to this
invention and converting the synthesis gas into

hydrocarbons.

The invention also provides a methcd of producing
energy comprising providing a synthesis gas which
synthesis gas has been produced according to this
invention and expanding and/or combusting the synthesis
gas.

US-A-5236039 discloses a method for the in-situ

treatment of a hydrocarbon containing formation, using

radio frequency heating sources for heating the formation

to pyrolysis temperature. In this document there is no

generic teaching with respect to the influence of
pressure on the method or its results. However, there is
an incidental disclosure of 50 psi in combination with

pyrolysis temperatures up to 575 °F in relation to a

simulation of the invention concerned (cf. Table 1

g—

therein). The application in the treating method of the

invention of a pressure of 3.52 bar (50 psi) at

temperatures up to 301.7 °C (575 °F) in combination with

application of radio frequency heating is excluded from

the protection of certain embodiments of this invention.
Unless indicated otherwise, the term “pressure” is
herein deemed to refer to absolute pressure. The

temperature T and pressure P prevailing during the

production of hydrocarbon fluid from the formation or

during synthesis gas generation is deemed to be measured

e

in a production well, in the direct proximity of the

P

relevant portion of the formation where pyrolysis or

synthesis gas production takes place. Alternatively, the

temperature T may be assessed on the basis of the heat

lnput generated by the heater wells and the heat
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generated or consumed by the pyrolysis reaction and the

properties of the formation.

Preferably the hydrocarbon containing formation for

use in this invention contains kerogen. Kerogen is

p—

composed of organic matter which has been transformed due

to a maturation process. Hydrocarbon centaining

formations which include kerogen are for example coal

—

containing formations and oil shale containing

formations. Alternatively, hydrocarbon containing

formations may be treated which do not include kerogen,

for example, formations containing heavy hydrocarbons

(e.g., tar sands).

Hydrocarbon containing formations may be selected for

in-situ treatment based on properties of at least a

r‘-

portion of the formation such that it leads to the

e

production of high quality fluids from the formation. For

example, hydrocarbon containing formations which include

kerogen may be assessed or selected for treatment based

on the vitrinite reflectance of the kerogen. Vitrinite

reflectance 1s often related to the elemental hydrogen to

g
—

carbon ratio of a kerogen and the elemental oxygen to

g—
—

carbon ratio of the kerogen. Preferably the vitrinite

reflectance is in the range of from 0.2% to 3.0%, more

preferably from 0.5% to 2.0%. Such ranges of vitrinite

reflectance tend to indicate that relatively higher

quality hydrocarbon fluids will be produced from the

formation.

The hydrocarbon containing formation may be selected

for treatment based on the elemental hydrogen content of

the hydrocarbon containing formation. For example, a

method of treating a hydrocarbon containing formation may

typically include selecting a hydrocarbon containing
formation for treatment having an elemental hydrogen

content greater than 2 weight%, in particular greater

than 3 weight%, or more in particular greater than
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4 weight% when measured on a dry, ash-free basis.

Preferably, the hydrocarbon containing formation has an

elemental hydrogen to carbon ratio in the range of from

0.5 to 2, in particular from 0.70 to 1.7. The elemental

g
—

hydrogen content may significantly a:

formation of molecular hydrogen.

fect the composition

of hydrocarbon fluids produced, for excmple through the

Thus, 1f too little hydrogen is present in the

formation, then the amount and quality of the produced

fluids will be negatively affected. It is advantageous to

gt

maintain a hydrogen partial pressure and if too

little

hydrogen 1s naturally present, then hydrogen or other

.

reducing flulds may be added to the formation.

The formation may typically have an elemental oxygen

welight percentage of less than 20%, in particular less

than 15%, and more 1n particular less than 10% when

measured on a dry, ash-free basis. Typically, the

elemental oxygen to carbon ratio is less than 0.

Pt}

this manner, production o:

F

oxlides from an in situ conversion process o:

15. In

carbon dioxide and other

- hydrocarbon

contailning material may be reduced. Frequently, the

elemental oxygen to carbon ratio is in the range of from

0.03 to 0.12.

Heating the hydrocarbon containing formation

generally includes providing a large amount of energy to

heat sources located within the formation. Hydrocarbon

containing formations may contain water. Water present in

the hydrocarbon containing formation will tend to further

g

increase the amount of energy required to heat the

hydrocarbon containing formation, because a large amount

of energy may be required to evaporate water from the

formation. Therefore, excessive amounts of heat

time may be required to heat a formation having

molsture content. Preferably, the water content

and/or

a high
of the
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hydrocarbon containing formation is less than 15 weight,

more preferably less than 10 weight%.

The hydrocarbon containing formation or the portion

thereof which is subjected to pyrolysis may have a width

p—
p—

of for example at least 0.5 m, or at least 1.5 m, or at

least 2.4 m, or even at least 3.0 m. Trke width may be up

to 100 m, or up to 1000 m, or even up to 2000 m, or more.

The hydrocarbon containing formation or the portion
thereof which 1s subjected to pyrolysis may have a layer

thickness of, for example, at least 2 m, more typically

in the range of from 4 m to 100 m, more typically from

6 m to 60 m. The overburden of the hydrocarbon containing

formation may have a thickness of, for example, at least

aend

10 m, more typically in the range of from 20 m to 800 m

or to 1000 m or more.

The hydrocarbon containing formation may be heated

according to methods known in the art to a temperature

sufficient for pyrolysis of hydrocarbons present in the

formation, by using one or more heat sources placed in

heater wells.

The heater wells are positioned in the proximity of,

or preferably within the hydrocarbon containing

formation. Preferably a plurality of heat sources 1is

employed so that a large portion of a hydrocarbon

contailning formation may be heated, and preferably such

that superposition (overlapping) of heat produced from
the heat sources occurs. Superposition of heat may
decrease the time necessary to reach pyrolysis

F

temperatures. Superposition of heat may allow for a

relatively large spacing between adjacent heat sources,

which may in turn provide a relatively slow rate of

g

heating of the hydrocarbon containing formation.

Superposition of heat will also provide uniform heating

so that temperatures can be controlled to generate

fluids with desireable properties throughout a large part
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formation.

of the heated portions of the hydrocarbon containing

The spacing between heat sources may typically be

within the range of from 5 m to 20 m, pref

to 12 m. Positioning of equidistant heat sources, in a

erably from 8 m

triangular pattern, is preferred as it tends to provide

more uniform heating to the formation in comparison to

other patterns such as hexagons. In addition,

triangular pattern tends to provide faster heating to a

d

predetermined temperature in comparison to other patterns

such as hexagons.

Any conventional heat source may be applied. It is

preferred to apply heat sources which are suitable for

conductive heating, for example any kind of electrical

heater or any kind of combustion heater. ILess

preferred

are heat sources which apply radio frequency heating.

Because permeability and/or porosity are relatively

gquickly increased in the heated formation, produced

vapours may flow considerable distances through the

formation with relatively little pressure dif

prome
B

ferential.
Increases 1n permeability result from a reduction of mass

of the heated portion due to evaporation of water,

removal of hydrocarbons, and/or creation of fractures.

r—

For the recovery of the hydrocarbon fluids, production

wells may be provided, preferably near the upper surface

F

of the formation. Fluid generated within the hydrocarbon

contalning formation may move a considerable distance

through the hydrocarbon containing formation as a vapour.

Such a considerable distance may include, for

example,

50 m to 1000 m. The vapour may have a relatively small

pressure drop across the considerable distance due to the

—

permeability of the heated portion of the formation. Due

to such permeability, a production well may only need to

be provided in every other unit of heat sources or every

third, fourth, fifth, sixth units of heat sources, which
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gk

each may comprise a plurality of heater wells, for

example two, three or six. The production wells may be

cased wells which may have a production screen or

perforated casings. In addition, the production wells may

be surrounded by sand or gravel to minimize the pressure
drop of fluids entering the casing.

In addition, water pumping wells or vacuum wells may

be configured to remove liquid water from the hydrocarbon

containing formation. For example, a plurality of water

wells may surround all or the portion of the formation to
be heated.

The hydrocarbon fluid produced is a material which
contains carbon and hydrogen in its molecular structure.
It may also include other elements, such as halogens,
metallic elements, nitrogen, oxygen and sulfur.

The hydrocarbon containing formation is heated to a
temperature at which pyrolysis can take place. The

pyrolysis temperature range may include temperatures up

to, for example, 900 °C. A majority of hydrocarbon fluids

may be produced within a pyrolysis temperature range of

p—
—

from 250 °C to 400 °C, more preferably in the range of

from 260 °C to 375 °C. A temperature sufficient to

pyrolyse heavy hydrocarbons in a hydrocarbon containing

g—

formation of relatively low permeability may be within a

range from 270 °C to 300 °C. In other embodiments, a

P

temperature sufficlent to pyrolyse heavy hydrocarbons may

be within a range from 300 °C to 375 °C. If a hydrocarbon

contailning formation is heated throughout the entire

pyrolysis temperature range, the formation may produce

only small amounts of hydrogen towards the upper limit of

the pyrolysis temperature range. After the available

hydrogen is depleted, little hydrocarbon production from

the formation may occur.

Preferably, the hydrocarbon containing formation or

_

the portions thereof designated for pyrolysis is heated
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at a low heatling rate. In general the heating rate will

be at most 50 °C/day. Typically, the heating rate is less
than 10 °C/day, more typically less than 3 °C/day, in
particular less than 0.7 °C/day. Frequently the rate of

heating will be more than 0.01 °C/day, in particular more

than 0.1 °C/day. In particular, such lcw heating rates
are applied in the pyrolysis temperature range. More in

particular, heated portions of the hydrocarbon containing

formation may be heated at such a rate for a time greater

than 50% of the time needed to span the pyrolysis

e
-

temperature range, preferably more than 75% of the time

needed to span the pyrolysis temperature range, or more

p—,

preferably more than 90% of the time needed to span the

pyrolysis temperature range.

The rate at which a hydrocarbon containing formation

1s heated may affect the quantity and quality of the

hydrocarbon fluids produced from the hydrocarbon

containing formation. For example, heating at high

heating rates may produce a larger quantity of fluids

i)

from a hydrocarbon containing formation. The products of

such a process, however, may be of a significantly lower
quality than when heating using lower heating rates.
Further, controlliing the heating rate at less than

3 °C/day generally provides better control of the

temperature within the hydrocarbon containing formation.

The present teachings as regards heating rates are

F

applicable independent of the application of the

temperature/pressure control of this invention.

Heating of a hydrocarbon containing formation to the

pyrolysis temperature range may occur before substantial

permeability has been generated within the hydrocarbon

pr—

containing formation. An initial lack of permeability may

prevent the transport of generated fluids from a

pyrolysis zone within the formation. In this manner, as

heat 1s initially transferred from the heat source to the
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hydrocarbon containing formation, the fluid pressure

within the hydrocarbon containing formation may increase

proximate to the heat source.

I

I'he pressure generated by expansion of the

hydrocarbon fluids or other fluids generated in the

formation may initially increase as an open path to the

production well or any other pressure sink may not yet

exist in the formation. In addition, the fluid pressure

may exceed the lithostatic pressure, so that fractures in

the hydrocarbon containing formation may form from the

heat sources to the production wells. The generation of

fractures within the heated portion then reduces the

P

pressure, due to the production of hydrocarbon fluids

through the production wells.

To maintain pressure within the carbon containing

formation during the production of hydrocarbon fluids, a

back pressure may be maintained at the production well.

The pressure may be controlled by means of valves and/or

by 1njecting gases into the hydrocarbon containing

formation, for example hydrogen, carbon dioxide, carbon

monoxide, nitrogen or methane, or water or steam.

Injecting hydrogen is particularly preferred.

Valves may be configured to maintain, alter, and/or

control the pressure within the hydrocarbon containing

formation. For example, heat sources disposed within the

hydrocarbon containing formation may be coupled to a

valve. The valve may be configured to release fluid from

the formation through the heat source or for the

-

injection of a gas into the hydrocarbon containing

formation. Alternatively, a pressure valve may be coupled
to the production wells. Fluids released by the valves

may be collected and transported to a surface unit for

further processing and/or treatment.
In accordance with this invention the pressure and

the temperature are controlled during pyrolysis and
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during the production of the pyrolysed hydrocarbon fluid

from the formation, 1in order to achieve control of

certaln properties which are relevant to the quantity,

the composition and the quality of the hydrocarbon

fluids. The value of the parameters A and B in equation 1

can determined by experiment.. Generally, values of the

parameter A may be any value in the range of from 14000

up to 60000 and values of the parameter B may be any

value 1n the range of from 25 up to 90. Some examples are

given hereinafter.

To produce a hydrocarbon fluid having a low content

—

of hydrocarbons having a carbon number of 25 or more, for

example less than 25 weight %, it is preferred that the

pressure 1s at least the pressure which can be calculated

for a selected temperature, or the temperature is at most

the temperature which can be calculated for a selected

pressure from equation 1 wherein A equals 14206 and B

equals 25.123, more preferably A equals 15972 and B

equals 28.442, in particular A eqguals 17912 and equals

31.804, more in particular A equals 19929 and B equals

35.349, most in particular A equals 21956 and B equals

38.849. In practice it may frequently be sufficient that

the pressure is at most the pressure which can be

calculated for a selected temperature, or the temperature

1s at least the temperature which can be calculated for a

selected pressure from equation 1 wherein A equals 24146

and B equals 43.349.

For producing a hydrocarbon fluid of which the

condensable hydrocarbons have a high API gravity, for

example at least 30°, it is preferred that the pressure

15 at least the pressure which can be calculated for a

selected temperature, or the temperature is at most the

temperature which can be calculated for a selected

pressure from equation 1 wherein A equals 30864 and B

P
p—

equals 50.676, more preferably A equals 21719 and B
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equals 37.821, in particular A equals 16895 and B equals

31.170. In practice it may frequently be sufficient that

the pressure 1s at most the pressure which can be

calculated for a selected temperature, or the temperature

is at least the temperature which can be calculated for a

selected pressure from equation 1 wherein A equals 16947

and B equals 33.603. As used herein, “condensable

hydrocarbons” are hydrocarbons which have a boiling point
of at least 25 °C at 1 bar.

For producing a hydrocarbon fluid having a low

ethylene/ethane ratio, for example at most 0.1, it is

preferred that the pressure is at least the pressure

which can be calculated for a selected temperature, or

the temperature 1s at most the temperature which can be

calculated for a selected pressure from equation 1

wherein A equals 57379 and B equals 83.145, more

preferably A equals 16056 and B equals 27.652, in

particular A equals 11736 and B equals 21.986. In

practice it may frequently be sufficient that the

pressure 1s at most the pressure which can be calculated

for a selected temperature, or the temperature is at

least the temperature which can be calculated for a

selected pressure from equation 1 wherein A equals 5492.8
and B equals 14.234.

For producing a hydrocarbon fluid of which the

condensable hydrocarbons have a high elemental hydrogen

to carbon ratio, for example at least 1.7, it is

preferred that the pressure is at least the pressure

which can be calculated for a selected temperature, or

the temperature is at most the temperature which can be

calculated for a selected pressure from equation 1

wherein A equals 38360 and B equals 60.531, more
preferably A equals 12635 and B equals 23.989, in

particular A equals 7953.1 and B equals 17.889. In

practice 1t may frequently be sufficient that the
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pressure 1is at most the pressure which can be calculated

for a selected temperature, or the temperature is at

least the temperature which can be calculated for a

selected pressure from equation 1 wherein A equals 6613.1
and B equals 16.364.

The total potential amount of hydrccarbon fluids

which may be produced from the hydrocarbon containing

materlal may be determined by the Fischer Assay. The
Fischer Assay 1s a standard method which involves heating

a sample of hydrocarbon containing material to

approximately 500 °C, collecting products produced from

the heated sample, and gquantifying the products. For

producing a high quantity of hydrocarbon fluid from the

hydrocarbon containing formation, for example at least

60 % of the value indicated by the Fischer Assay, it is

preferred that the pressure is at most the pressure which

can be calculated for a selected temperature, or the

temperature 1s at least the temperature which can be

calculated for a selected pressure to apply a pressure
which is at most the pressure (or to apply a temperature

which is at least the temperature) which can be

calculated from equation 1 wherein A equals 11118 and B

equals 23.156, more preferably A equals 13726 and B
equals 26.635, in particular A equals 20543 and B equals

306.191. In practice 1t may frequently be sufficient that

the pressure 1s at least the pressure which can be

calculated for a selected temperature, or the temperature

1s at most the temperature which can be calculated for a

selected pressure from equation 1 wherein A equals 28554
and B equals 47.084.

In certain instances it may be most advantageous to

control the pressure and temperature such that they

belong to values of A and B which represent conditions of

relatively low levels of preference as indicated

hereinbefore. This may be the case, for example, when a
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certain combination of product quantity,

PCT/EP01/04645

composition and

quality is desired. Thus, the above disclosure includes

also all possible sub-ranges which may be defined by

combining sets of A and B as disclosed. In particular, it

may be advantageous during the production of the

hydrocarbon fluild to keep a relevant property constant,

which may be achieved by operating under

during the production of the hydrocarbon

P

a constant wvalue

of the parameters A and B. During the pyrolysis and

fluid from the

formation the pressure may be selected within wide

ranges. Typically, a pressure of at least 1.5 bar is

applied, more typically at least 1.6 bar, in particular

at least 1.8 bar. Frequently, when the pyrolysis

temperature 1s at least 300 °C, a pressure of at least

1.6 bar may be applied, and below 300 °C, a pressure of

at least 1.8 bar may be applied. The upper limit of the

pressure may be determined by the strength and the weight

H

conditions, the pressure is less than 70

frequently less than 60 bar or even less

of the overburden. Frequently, under practical

bar, more

than 50 bar. The

pressure may advantageously be controlled within a range

within a range of from 20 bar to 36 bar.

of from 2 bar to 18 bar or 20 bar, or alternatively

In accordance with the invention a partial pressure

of hydrogen 1s maintained. Typically the

partial pressure

is at least 0.2 and at least 0.4 bar,, and up to 35 or

even 50 bar, more typically in the range

 d

of from 1 bar to

10 bar, in particular in the range of from 5 bar to

7 bar. Malntaining a hydrogen partial pressure within the

el

produced hydrocarbon fluids and reduces the production of

long chain hydrocarbon fluids.

The present teachings as regards the

y—

formation in particular increases the API

gravity of

partial pressure

of hydrogen are applicable independent of the application

of the temperature/pressure control of this invention.
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At least 20%, typically at least 25%, pre:erablyﬂat

least 35% of the initial total organic carbon content o:

thn

the hydrocarbon containing formation, or the portion

thereof subjected to pyrolysis may be transformed into

hydrocarbon fluilds. In practice fregquently at most 90% of

the total organic carbon content of thc hydrocarbon

contalning formation, or the portion thereof which is

subjected to pyrolysis, may be transformed into

hydrocarbon fluids, more frequently this may be at most

80%, or at most 70% or at most 60%.

Ty

In certain embodiments, after the pyrolysis

’

synthesis gas may be produced from hydrocarbons remaining

within the hydrocarbon containing formation. The

pyrolysis may produce a relatively high, substantially

uniform permeability throughout the hydrocarbon

containing formation or the pyrolysed portion thereof.

Such a relatively high, substantially uniform

permeability allows the generation of synthesis gas

—

without production of significant amounts of hydrocarbon

fluids 1n the synthesis gas. The portion also has a large

surface area and/or a large surface area/volume

The

large surface area may allow synthesis gas producing

reactions to be substantially at equilibrium conditions

during synthesis gas generation. The relatively high,

substantially uniform permeability can result in a

relatively high recovery efficiency of synthesis gas, as

compared to synthesis gas generation in a hydrocarbon

containing formation which has not been subjected to

pyrolysis. This teaching is applicable independent of the

application of the temperature/pressure control of this

invention.

Pyrolysis of at least some hydrocarbon containing

material may in some embodiments convert 20% of carbon

initially available. Synthesis gas generation may convert

at least an additional 10% and typically up to

H

Cl

Il
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additional 70% of the carbon initially available. In this

manner, in-situ production of synthesis gas from a
hydrocarbon containing formation may allow conversion of
larger amounts of carbon initially available within the
portion.

Synthesis gas may be produced from the formation

prior to or subsequent to producing the hydrocarbon fluid

from the formation. The synthesis gas, although generally

g

defined as a mixture of hydrogen (yo2) and carbon monoxide

(CO), may comprise additional components such as water,

carbon dioxide (COp), methane and other gases.

The synthesilis gas generation may be commenced before

and/or after hydrocarbon fluid production decreases to an

uneconomical level. In this manner, heat provided to

pyrolyse may also be used to generate synthesis gas. For

example, if a portion of the formation is 375 °C after

pyrolysation, then less additional heat is generally

required to heat such portion to a temperature sufficient

to support synthesis gas generation. In certain instances

heat may be provided from one or more heat sources to

heat the formation to a temperature sufficient to allow

synthesls gas generation (for example in the range of

from 400 °C to 1200 °C or higher). At the upper end of

the temperature range, the generated synthesis gas may

include mostly Hp and CO, in for example a 1:1 mole

ratio. At the lower end of this temperature range, the

generated synthesis gas may have a higher Hp to CO ratio.

Heating wells, heating sources and production wells

within the formation for pyrolysing and producing

hydrocarbon fluids from the formation may be utilized

during synthesis gas production as an injection well to

introduce synthesis gas producing fluid, as a production

well, or as a heat source to heat the formation. Heat

sources for the synthesis gas production may include any

of the heat sources as disclosed hereinbefore.
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Alternatively, heating may include transferring heat from

a heat transfer fluid, for example steam oxr combustion

products from a burner, flowing within a plurality of

wellbores within the formation.

A synthesls gas generating fluid, for example liquid
water, steam, carbon dioxide, air, oxygen, hydrocarbons,

and mixtures thereof, may be provided to the formation.

For example, the synthesis gas generating fluid mixture

may include steam and oxygen. The synthesis gas

generating fluld may 1nclude aqueous fluid produced by

pyrolysis of hydrocarbon containing material within

e

another portion of the formation. Providing the synthesis

gas generating fluld may alternatively include raising a

water table of the formation to allow water to flow into

it. Synthesis gas generating fluid may also be provided

through an injection wellbore. The synthesis gas

generating fluid will generally react with carbon in the

formation to form Hp, water (as liquid or as steam), CO»p,

and/or CO.
Carbon dioxide may be separated from the synthesis

gas and may be re-injected into the formation with the

synthesis gas generating fluid. By a shift of the

prevalling chemical equilibrium reactions, carbon dioxide

added to the synthesis gas generating fluid may

substantially inhibit further production of carbon
dioxide during the synthesis gas generation. The carbon
dioxide may also react with carbon in the formation to

generate carbon monoxide.

Hydrocarbons such as ethane may be added to the

synthesis gas generating fluid. When introduced into the

formation, the hydrocarbons may crack to form hydrogen

and/or methane. The presence of methane in the produced

synthesis gas may increase its heating value.

Synthesis gas generating reactions are typically

endothermic reactions. Heat may be added to the formation
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during synthesis gas production to keep the formation

temperature at the desired level. Heat may be added from

heat sources and/or from introducing synthesis gas

generating fluid which has a higher temperature than the

temperature of the formation. As an alternative, an

oxidant may be added to the synthesis gas generating

fluid, for example air, oxygen enriched air, oxygen,

hydrogen peroxide, other oxidizing fluids, or

F

combinations thereof. The oxidant may react with carbon

within the formation to generate heat, and to result in

production of COp and/or CO. In a preferred embodiment

oxygen and water (or steam) are provided to the

—
—

formation, for example in a mole ratio of from 1:2 to

1:10, preferably from 1:3 to 1:7, for example 1:4.

The hydrocarbon containing formation may be

maintained at a relatively high pressure during synthesis

gas production. Synthesis gas may be generated in a wide

pressure range, for example between 1 bar and 100 bar,

more typically between 2 bar and 80 bar, especially

petween 5 bar and 60 bar. High operating pressures may

_

result in an increased production of Hp. High operating

r—

pressures may allow generation of electricity by passing

produced synthesis gas through a turbine, and they may

allow for smaller collection conduits to transport
produced synthesis gas.

The synthesis gas may be generated in a wide
temperature range, such as between 400 °C and 1200 °C,

more typically between 600 °C and 1000 °C. At a

r

.

elatively low synthesis gas generation temperature a

synthesis gas may be produced which has a high Hy to CO

ratio. A relatively high formation temperature may

produce a synthesis gas having a Hp to CO ratio that

approaches 1, and the stream may include mostly (and in

some cases substantially only) Ho and CO. At a formation

temperature of about 700 °C, the formation may produce a
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synthesis gas having a Hyp to CO ratio of 2. Typically

synthesis gas may be generated which has a Ho to CO mole

ratio in the range of from 1:4 to 8:1, more typically in

the range of from 1:2 to 4:1, in particular in the range

5 of from 1:1 to 2.5:1. Certain embodiments may include

blending a first synthesis gas with a second synthesis

gas to produce synthesis gas of a desired composition.

The first and the second synthesis gases may be produced

from different portions of the formation.

10 The hydrocarbon containing formation or the portion

thereof which has been subjected to pyrolysation and

optionally to synthesis gas generation may be allowed to

cool or may be cooled to form a cooled, spent formation.

After production of hydrocarbon fluids and/or

15 synthesis gas, a fluid (e.g., carbon dioxide) may be

sequestered within the formation. To store a significan

-

amount of fluid within the formation, the temperature of

the formation will often need to be less than 100 °C, for

example down to 20 °C. Water may be introduced into the

t

20 ormation to generate steam and reduce the temperature o:

the formation. The steam may be removed from the

formation. The steam may be utilized for various

purposes, for example for heating another portion of the

formation, for generating synthesis gas in an adjacent

25 portion of the formation, or as a steam flood in an oil

reservolr. After the formation is cooled, fluid may be

pressurized and sequestered in the formation.

Sequestering fluid within the formation may result in a

significant reduction or elimination of fluid that is

30 released to the environment due to operation of the

present in-situ process. The spent formation is

especially useful for this purpose, because it has a

structure of high porosity and high permeability for

fluids, in particular gases.
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to be sequestered may be injected under

example in the range of from 5 bar to

50 bar, into the cooled, spent formation and adsorbed

onto hydrocarbon containing material in the formation.

p—

Subsequent addition of water to the formation may inhibit

desorption of
for sequester
US-A-55667560.

the carbon dioxide. An example of a method

ing carbon dioxide is illustrated in

The synthesis gases described herein may be converted

to hydrocarbons, which include methanol, or to other

products, such as ammonia. For example, a Fischer-Tropsch

hydrocarbon s

convert synth

also be used

produce metha
used for prod
fuel, ammonia

The synth
energy. For e
to heat the h

steam and the
electricity.
electricity b
in turbines,

gas to make s

may also be u

molten carbon

other type of
The Ho to

feed gas for
about 2:1. Th

branched and

by hydrocrack

include for e

ynthesis process may be configured to

esis gas to paraffins. The synthesis gas may

in a catalytic methanation process to
ne. Alternatively, the synthesis gas may be
uction of methanol, gasoline and diesel

, and middle distillates.

-
—

eslis gas may also be used as a source o:

xample, it may be used as a combustion fuel,

ydrocarbon containing formation or to make

g
.

n run turbilnes for the generation of

Synthesis gas may be used to generate

y reducing the pressure of the synthesis gas

or using the temperature of the synthesis

team and then run turbines. Synthesis gas

sed 1n an energy generation unit such as a

ate fuel cell, a solid oxide fuel cell, or

fuel cell.

CO mole ratio for synthesis gas used as a

a Fischer-Tropsch reaction is typically

e Fischer-Tropsch process typically produces

unbranched paraffins, which may be converted

ing to produce hydrocarbon products which

xample diesel, jet fuel and naphtha

products. Examples of methods for conversion of synthesis
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gas to hydrocarbons 1in a Fischer-Tropsch process are
illustrated in US-A-4096163, US-A-4594468, US-A-6085512
and US-A-6172124.

It may be desirable for the composition of produced

synthesis gas, which may be used as a feed gas for a

catalytic methanation process, to have a Hyp to CO mole

ratio of 3:1 to 4:1. Examples of a catalytic methanation
process are illustrated in US-A-3992148, US-A-4130575 and
US-A-4133825.

Examples of processes for production of methanol from
syntheslis gas are illustrated in US-A-~-4407973,
US-A-4927857 and US-A-4994093,

Examples of process for producing engine fuels are
1llustrated in US-A-4076761, US-A-4138442 and
US-A-4605680.

The following example illustrates the invention.

Example 1

g

Various samples of an oil shale deposit at Green

River, Colorado, USA, were pyrolysed at various

conditions to determine the effects of the pyrolysis

temperature and pressure on the quality and the guantity

of the produced hydrocarbon fluids.

A stainless steel pressure vessel was configured to

hold an o1l shale sample. The vessel and flow lines

attached to the vessel were wrapped with electric heating

tape to provide substantially uniform heating throughout

the vessel and the flow lines. The flow lines comprised a

backpressure valve for tests at elevated pressures. After

passing the wvalve, the products were cooled at

atmospheric pressure 1n a conventional glass laboratory
condenser and analysed.

The test data obtained at 325 degrees Celsius

pyrolysis temperature showed the following. At about

0.5 bar hydrogen partial pressure the condensable

gph—

hydrocarbons produced had an API gravity of about 41°,
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whereas at about 1.4 bar hydrogen partial pressure this

was about 47°. At about 0.5 bar partial pressure the

ethylene/ethane ratio was about 0.037, whereas at about
1.4 bar hydrogen partial pressure this was about 0.011.
5 At about 0.5 bar hydrogen partial pressure the H/C ratio

F

of the condensable hydrocarbons was about 1.79, whereas

at about 1.4 bar hydrogen partial pressure this was abou

{1

1.91. At a pyrolysis temperature of 350 °, the following

results were obtained. At about 0.5 bar hydrogen partial

10 pressure the condensable hydrocarbons produced had an API

iy

gravity of about 31°, whereas at about 2.3 bar hydrogen

partial pressure this was about 42°. At about 0.5 bar

hydrogen partial pressure the ethylene/ethane ratio was

about 0.081, whereas at about 2.3 bar hydrogen partial
15 pressure this was about 0.007. At about 0.5 bar hydrogen

F

partial pressure the H/C ratio of the condensable

hydrocarbons was about 1.76 whereas at about 2.3 bar

hydrogen partial pressure this was about 1.97. Thus by

increasing the hydrogen partial pressure, the API gravity

20 18 increased, the ethylene/ethane ratio is decreased and

the H/C ratio is increased. The test data was also used

Lo determine a pressure/temperature relationship for

specific quality and yield aspects of the product by way

of equation 1 and the parameters A and B, as outlined

25 hereinbefore. The results show that the by increasing the

gr—

total fluid pressure the content of hydrocarbons having a

carpbon number of 25 or more content is decreased, the API

gravity 1s increased, the ethylene/ethane ratio is
decreased, the H/C ratio is increased and the yield of

30 hydrocarbons relative to the Fischer Assay is decreased.
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CLAIMS:
1. A method for treating a hydrocarbon containing

formation in-situ, which method comprises pyrolysing
hydrocarbons present 1n the formation in the presence of
hydrogen at a partial pressure of at least 0.1 bar and at

most 50 bar.

2 . A method as claimed 1n claim 1, wherein the
hydrocarbon containing formation comprises a kerogen or

heavy hydrocarbons.

3. A method as claimed in claim 2, wherein the
kerogen 1s coal or shale o0il, and the heavy hydrocarbon is

tar sand.

4, A method as claimed in any one of claims 1 to 3,
wherein a heat source is applied which is suitable for

conductive heating.

5. A method as claimed 1n any one of claims 1 to 4,
wherein the hydrocarbons present in the formation are
pyrolysed by heating at a temperature in the range of from

250°C to 400°C.

6. A method as claimed in claim 5, wherein the
hydrocarbons present 1in the formation are pyrolysed by
heating at a temperature in the range of from 260°C to

375°C.

7. A method as claimed in any one of claims 1 to 6,
wherein the partial pressure of hydrogen is in the range of

from 1 bar and 10 bar.
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8. A method as c¢laimed 1n claim 7, whereilin the

partial pressure of hydrogen 1s in the range of from 5 bar

and 7 bar.

O. A method as claimed 1n any one of claims 1 to 8,
wherein a pressure/temperature control is applied such that
the pressure 1s at least the pressure which is calculated
for a selected temperature, or the temperature is at most
the temperature which 1s calculated for a selected pressure
from the eguation:

N
+B
P=0.07*%elt273

wherein P 1s pressure (bar absolute), T is temperature (°C),
and A and B are predetermined parameters which relate to a
property which 18 relevant to the quantity, the composition
or the quality of the hydrocarbon fluids produced, in the
presence of hydrogen at a selected partial pressure of
hydrogen and whereln A has a value in the range from 14,000

to 60,000 and B has a value 1n the range from 25 to 90.

10. A method as claimed i1n claim 9, wherein A equals

14,206 and B eguals 25.123.

11. A method as claimed in claim 9, wherein the

pressure 1s at most the pressure which is calculated for a
selected temperature, or the temperature 1s at least the
temperature which 1s calculated for a selected pressure from

the said equation by applying A equals 24,146 and B eqguals
43.349.

12. A method as claimed in claim 9, wherein A equals

30,864 and B equals 50.676.
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13. A method as claimed in claim 9, wherein the

pressure 1s at most the pressure which 1s calculated for a

selected temperature, or the temperature 1s at least the
temperature which is calculated for a selected pressure from
the salid equation by applying A equals 16,947 and B equals
33.603.

14 . A method as claimed in claim 9, wherein A equals

57,379 and B equals 83.145.

15. A method as claimed in claim 9, wherein A equals

38,360 and B equals 60.531.

16. A method as claimed in claim 9, wherein A eqgquals

28,554 and B egquals 47.084.

17. A method as claimed i1n any one of claims 1 to 16,

further comprising the step of subsequently reacting at

least part of the treated hydrocarbon containing formation

with a synthesis gas generating fluid.

18. A method for producing hydrocarbons comprising
providing a synthesis gas which synthesis gas has been
produced according to claim 17, and converting the synthesis

gas 1nto hydrocarbons.

19. A method as claimed in claim 18, wherein the
synthesis gas 1s converted into paraffins by a Fischer-
Tropsch hydrocarbon synthesis process and the paraffins are

converted 1n a hydrocracker.

20 . A method of producing energy comprising providing
a synthesis gas which synthesis gas has been produced
according to claim 17, and expanding, combusgting or both the

synthesis gas, or using the synthesis gas in a fuel cell.



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims

