CHAPTER 3

What’s In a Wet Barrel?

This chapter reveals how 0il and gas asset production can
be maximised through an understanding of petroleum and
reservorr types.

When crude oil first came into large-scale commercial use in the 19th century, it was
stored and shipped in wooden barrels with one barrel equal to 42 US gallons or 159
litres. The term ‘wet’ barrel denotes a physical barrel of oil that is actually delivered

or consumed as opposed to a futures or other paper barrel that is traded.

Asphalt, bitumen and crude are common terms describing different forms of petro-

leum that can be found in a typical ‘barrel’ of oil'".

The term comes from the Latin petra—"“rock” and oleum—*“oil”. For lay people,
petroleum itself is a generic term that covers all naturally occurring hydrocarbons as

well as refined products or derivatives.

For purists, however, petroleum refers to chemical compounds made up of hydro-
gen and carbon atoms; consequently, the classification hydrocarbon is more appro-
priate. Definitions aside, hydrocarbons in their ‘un-produced’ state are found in un-
derground accumulations or reservoirs of oils, gases, water and impurities located
at depths ranging from 2,000 ft (610 m) to 25,000 ft (7620 m). Petroleum naturally
seeps to the earth’s surface along faults and cracks in rocks gathering in tar, asphalt,
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PRODUCT GALLONS
- PER BARREL

¢ Gasoline — 19.4

¢ Distillate Fuel Oil — 10.5

* Kerosene-Type Jet Fuel — 41

e Coke — 2.2

« Residual Fuel Oil — 1.7

¢ Liquefied Refinery Gases — 1.5

e Still Gas — 1.8

. * Asphalt and Road Oil — 1.4

Réw Matetial for Petrochet‘rﬁégl?s

e Lubricants — 0.4

* Kerosene — 0.2 :

X\, s Other — 0.4 :

Table 1 - Products PPer Barrel of Qil (in Gallons).

Note: Distillates includes both home heating oil and
diesel fuel. Residual fuel oil refers to heavy oils used as
fuels in industry, marine transportation, and for electric
power generation. Figures are based on average yields
for U.S. refineries in 2005. One barrel contains 42 gallons
of crude oil. The total volume of products made is 2.7
gallons greater than the original 42 gallons of crude oil.
This represents ‘processing gain.’ (After API)
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pitch or bitumen lakes. Shortly, we will consider the make-up of reservoirs but first

of all, what’s in a barrel of oil?

Nature’s best orange juice is sweet and light, as is its crude; however, not all of the
200 or so naturally occurring varietals of crude oil are so blessed and this affects
their commercialisation. Sweet crude has less than 0.5% sulphur content—increase
this figure and it turns ‘sour’. Light crude has a density of 20° or more using the
American Petroleum Institute’s (API) specific gravity scale and has light hydrocar-
bon fractions. Heavy crude has more complex fractions with higher densities and

lower API gravities®.

The Colour of Oil

Generally speaking, the colour of crude oil intensifies with its density and viscosity.
While black oil is hard-to-pour and has high density and viscosity, green to yellow
oils are runny and have low density and viscosity. The term ‘crude’ refers to petro-
leum straight from the wellhead in its ‘unrefined’ state that can generally flow in at-
mospheric conditions. Where petroleum is unable to flow in atmospheric conditions,

it is often referred to as heavy oil, tar or bitumen’.

Technologists quibble on when crude gets heavy; some say this happens at 25°API
or less and others say 20°API or less. This is important because heavy oil trades
below its lighter counterpart. For our purposes, the definition of heavy oil is 20°
API or lower and further detail is found in Chapter 8: Extreme £ & P. Finding heavy
or light crude oil depends entirely on the presence of cap rock and permeability,

as these will prevent or permit oil and gas to leak to the surface and be dispersed.

In Venezuela’s Orinoco Belt, for example, heavy oil deposits are found close to the

Figure 1 - Nature’s Best Is Sweet and Light Figure 2 - Heavy Oil Is Unable to Flow at Atmos-
(EPRasheed) pheric Conditions (EPRasheed)
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surface with the lighter fractions of oil having migrated or dispersed over the years,

leaving only the heavier residue.

Sour as a Skunk

Sour crude with its high sulphur content sells below its sweet counterpart—the gap
can be US $5 or more and is likely to increase in the future. The gap exists because
sour crude requires specialised refining treatment before it can be sold; however,
there are more sweet than sour refineries worldwide. Consequently, a refining prefer-

ence for sweeter crude exists®.

The naturally occurring sulphur compounds or ‘mercaptans’ present in sour crude
are powerfully smelly and are also found in garlic oils and skunk secretions. The mal-
odorous mercaptans are by-products of decaying organic matter and they must be
treated which adds to refining costs; however, mercaptans have a market value. They
are used to imbue an odour to commercial natural gas so the general public can easily
be alerted to a gas leak. Untreated natural gas is odoutrless, and without the tell-tale
smell of the mercaptan additive, the public could be unaware of a gas leak until it
was too late and someone was asphyxiated or an explosion occurred. Getting rid of
sulphur, water, chlorides and other such impurities improves quality, increases value

and stretches the world’s oil reserves but it also adds to cost*.

Table 2 shows a series of oil and gas compounds and their respective molecular

weights and common names ranging from methane gas (CH4), petrol (CsHi2 to

Component Boiling Point °C | Black Oil | Volatile Oil Gas Condensate Wet Gas Dry Gas
Methane, CH, -161 49.0 64.0 86.0 87 96.0
Ethane, C2He -88 2.8 8.0 4.4 5 2.8
Propane, C3Hg -42 1.8 4.5 2.4 5 0.3
n-Butane, CsH)o -1 0.8 2.0 0.8 0.6 0.2
i-Butane, CsH,o -11 0.8 251 1.0 0.6 0.2
n-Pentane, CsHi» 36 0.7 1.5 0.3 05 0.1
i-Pentane, CsH 27 0.5 IS 0.5 0.5 0.1
n-Hexane, C¢H 4 69 1.6 1.4 0.6 0.3 0.1
Colour of liquid at surface black brown straw white -
Liquid Specific Gravity 0.853 0.779 0.736 0.758 ~ none
°API 20-35 38-50 50-70 50-70 none
GOR scfi/bbl 50-1500 | 2000-40,000 3000-18,000  >100,000 none

Table 2 - Crude Oil and Natural Gas Varietals, After Professor Richard A. Dawe

* For detail on pricing differentials, see Chapter 12: Paper Barrels—QOil and Gas Markets’ .
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C7Hie) to asphaltene (CsoHie0). Many characteristics such as density, viscosity and
flammability are determined by molecular weights and greater detail is available in

Chapter 11: Refining.

The range of oil varietals is illustrated by extremely light oil, which has a relative
density and viscosity below that of water, to extremely heavy oil which has a relative
density close to that of water and high viscosity that can be 100 to 100,000 times

that of water.

Molecular Weight
Typically, oil has a carbon content of 84 to 87% weight and a hydrogen content of
11 to 14% by weight®.

Table 2 shows that hydrocarbons exist with varying densities and viscosities. Viscosity
is a prime determinant of the ability to produce and refine oil. It is worth noting
that the number of hydrocarbon compounds increases dramatically due to isomers,
differing arrangements of the same number of atoms. In the case of hexane (Co)
there are five isomers, for decane (C10) there are 75 and for C3o there are more than
four billion. Although laboratory analyses of reservoir hydrocarbons can profile all
compounds containing as many as 20 carbon atoms, it is usually sufficient to profile
compounds containing up to six or seven atoms, with a general number being used

to represent the total proportion of heavier molecules that are present’.

The general trends depend on the ratios of methane (CH4) and the heavier com-
ponents. The intermediates, C2-Cs, control the GOR and API grade. The percent-
ages shown are representative only and each category can be considered as flexible.
Additionally, once production starts from a reservoir, the state of equilibrium that
has been established over geological time is destroyed. Pressure gradients are cre-
ated and the chemical composition and the physical properties of the fluids in the
reservoir change. This happens as the pressure exerted on the fluids changes from
the reservoir to the wellbore to the surface and, over time, as the fluids constituting

the reservoir change.

Analysis is usually presented in terms of Ci, C2, Co+ with n often being 7, 12 or 20.
Compounds that are not expressed in this way are usually treated as a composite

fraction characterised by a molecular weight, density and/or a boiling point.
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For E & P purposes, physical properties such as colour, API grade, viscosity, bubble
point pressure, Gas-Oil Ratio (GOR), pour-point, and kerosene content are char-
acterised. For downstream purposes, actual hydrocarbon compositions and frac-
tion descriptions are required. Traditionally, the analysis of produced fluids was
performed in the laboratory and could take weeks or more to obtain. Nowadays,
real-time formation testing tools can provide analysis of produced fluids in near
real-time at the wellsite.

Saturated Oil

Produced oil will always contain a certain amount of dissolved gas. The exact amount
depends on reservoir conditions such as temperature and pressure as well as the
composition of the oil. If the oil cannot dissolve any more gas under the prevailing
conditions, it is termed saturated; the excess gas has moved to the top of the reser-
voir and formed a gas cap. If the oil can dissolve more gas, it is termed undersatu-
rated, and no gas cap will be initially present on production. The GOR is the ratio
of the volume of gas produced to the volume of liquid and may be expressed as
cubic feet per barrel depending on the units used for measuring gas and liquid. For
gas wells, the inverse ratio is sometimes used and the liquid-gas ratio is expressed in
barrels per million m® (or million cubic feet)®.

Impurities

Reservoir characteristics depend on the interplay between the molecular arrange-
ments of the hydrocarbons, the extent of liquid and gas phases as well as the exis-
tence of impurities. Aqueous impurities are caused by differing levels of salinity and
mineral salts within water that were present within rock pores before hydrocarbons
migrated into the reservoir rock, displacing a certain volume of this water. The vol-
ume of water that remains after migration is known as ‘connate water’ and it is com-
mon for large volumes of water to be produced in conjunction with oil and gas.

Water

Wiater is present at all stages of oil production. Connate water found in the reservoir
at discovery can occupy 5 to 50 % of the pore volume and it is common for large
volumes of water to be produced in conjunction with oil and gas (it is not always the
case that a reservoir has reached maturity simply because it is producing water. See
Chapter 9: Mature Fields—Water Management). It is also usually very salty, often more
concentrated than seawater. Levels of water saturation can be accurately measured
by well-logging, surface monitoring as well as permanent downhole monitors. Water
breakthrough causes production problems including corrosion and scale, particu-
latly as reservoir water often contains salts up to 250,000 mg/1, in comparison to sea
water which contains 35,000mg/1 of salts.



Chapter 3 | What’s In a Wet Barrel?

Figure 3 - Checking Crude Samples (Saudi Aramco)

Water and oil also create emulsions which are difficult to break and disposing of
produced water can generate an environmental burden as it must be disposed of
adequately. Further, any incompatibility between injected water and connate water
can create chemical scale’.

Water is nearly always present in gas reservoirs and reservoir gas is often substan-
tially saturated with water vapour at the temperature at which it enters the wellbore.
With the change in temperature and pressure from the subsurface to surface, the gas
will not be able to hold as much water and it will condense both within the well dur-
ing the upward travel of the gas and in surface equipment. Much of this condensed
water is carried in the flow lines into the separator as entrained droplets. Water can
form hydrates with natural gas, which can create production difficulties, rendering
metres and valves inoperative and, on occasions, causing disasters. Low temperature
separators are needed to remove the entrained water close to the wellhead before
the gas arrives at trouble points. In many cases, appreciable amounts of water will
settle to the bottom of the well and can, in time, saturate the zone surrounding the
wellbore so that the permeability to the flow of gas may be materially reduced. This
reduction can result either from water blocking or clay swelling and can be respon-

sible for a gradual decrease in deliverability and periodic remedial work-overs'.
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Other impurities can be metallic such as vanadium or non-metallic such as hydrogen
sulphide (H2S). If there is any measurable sulphur content (more than one part per
million), then the sulphur components, H2S, can cause considerable damage to the
production facilities unless they are designed to handle sulphur. The sulphur compo-
nents are also poisonous to humans hence lowering the commercial value of the oil
or gas. They therefore have to be extracted, but can be converted to sulphur and sold
on as a useful product. The production equipment has to use special quality steels
to prevent rapid corrosion. Getting rid of sulphur, water, chlorides and other such
impurities improves quality, increases value and stretches the world’s oil reserves but
it also adds to cost'".

Releasing Hydrocarbons

The production of underground hydrocarbons is based on the release of trapped
and pressurised fluids. Production involves a reduction in pressure and temperature
from downhole reservoir conditions to atmospheric or surface conditions. As a re-
sult, hydrocarbons originally present as only liquid underground will separate into
liquid and gas on their way to the surface, as soon as well pressure declines below
the ‘bubble point’.

In a mixture of liquids, the bubble point occurs when the first bubble of vapour
is formed. For single component mixtures, the bubble point and dew point are the
same and are referred to as the boiling point.

Hydrocarbons originally present as gas underground will generally produce some
liquid at the surface due to condensation, which occurs when the pressure and tem-
perature are reduced*. The point at which natural gas components start to condense
out of the gaseous system is known as the hydrocarbon dew-point and refers to the
temperature (at a stated pressure) at which this occurs. Both bubble point and dew-
point are useful data when designing distillation refinery systems.

Surface facilities will mechanically separate gas from liquid using gravity separa-
tors or de-gassing facilities after which the volumes of liquid and gas are measured
separately.

Gas

Natural gas volumes are reported in standard cubic metres [(s)m’] or standard cubic
feet (scf). Quantities of natural gas are usually expressed in cubic feet; a cubic foot
is equivalent to approximately 0.028 m? at standard conditions'?. For reserves valu-
ation, gas is usually expressed in thousands (10°) of cubic feet (Mcf), millions (10°)

* The behaviour of reservoir fluids is based on the laws of physical chemistry for perfect gases and the phase
changes in gas-liquid systems'.



Chapter 3 | What’s In a Wet Barrel?

of cubic feet (MMcf), billions (10%) of cubic feet (BCF) or trillions (10'%) of cubic
feet (TCF).

Methane is the most abundant component of natural gas and has numerous fuel ap-
plications. These range from liquefaction, compression, and Gas to Liquids (GTL).
For further details, see Chapter 13: Renewable Energy. The second largest component
is ethane which can be liquefied and sold as fuel, but is mostly used as a petrochemi-
cal feedstock. Propane and butane are also found in natural gas, albeit in smaller
amounts, and are commonly separated and sold as Natural Gas Liquids (NGLs).
This commercial value stems from their comparatively high-energy content. On a
cubic foot basis, methane renders just over 1,000 Btu, while propane renders 2,500
Btu and butane 3,250 Btu'®.

Gas Condensate

Gas condensate or ‘wet-gas’ reservoirs are an important class of hydrocarbon ac-
cumulation and describe hydrocarbons which are gaseous in the underground res-
ervoir. When the temperature and pressure of gas condensate are reduced to dew
point, however, they partially condense to yield liquid condensate. Condensates are
often characterised by low-density and high-API gravity (45° and above) and co-
exist with natural gas.

Natural gas condensate is typically composed of pentane, hexane, heptane and oc-
tane. Liquids that condense are almost transparent or light yellow and can be refined
in a way similar to very light crude oil'*.

Condensate-bearing reservoirs pose further production challenges due to the effect
changes in reservoir pressure have on the hydrocarbons. Gas may be converted to
liquid if its pressure drops below the dew point during production. If gas is prefer-
able to liquid production, reservoir pressure can be maintained by fluid injection.
Reservoir fluid composition determines:

* Fluid type—dry gas, condensate gas, volatile oil, black oil

* Method of fluid sampling, laboratory tests

* Surface equipment (type and size)

* Calculation procedures for determining oil and gas in place
* Techniques for predicting oil and gas reserves

* Prediction methods for future production rates, and

* Depletion plan and secondary or enhanced oil recovery methods.
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