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Units of 
Measurement 

vThroughout the world, two systems of measurement dominate: the Eng
lish system and the metric system. Today, the United States is one of only 

a few countries that employ the English system.
The English system uses the pound as the unit of weight, the foot as the 

unit of length, and the gallon as the unit of capacity. In the English system, for 
example, 1 foot equals 12 inches, 1 yard equals 36 inches, and 1 mile equals 
5,280 feet or 1,760 yards.

The metric system uses the gram as the unit of weight, the metre as the 
unit of length, and the litre as the unit of capacity. In the metric system, 1 metre
equals 10 decimetres, 100 centimetres, or 1,000 millimetres. A kilometre equals
1,000 metres. The metric system, unlike the English system, uses a base of 10; 
thus, it is easy to convert from one unit to another. To convert from one unit 
to another in the English system, you must memorize or look up the values.

In the late 1970s, the Eleventh General Conference on Weights and Mea
sures described and adopted the Systeme International (SI) d’Unites. Confer
ence participants based the SI system on the metric system and designed it as 
an international standard of measurement. 

The Rotary Drilling Series gives both English and SI units. And because 
the SI system employs the British spelling of many of the terms, the book fol
lows those spelling rules as well. The unit of length, for example, is metre, not 
meter. (Note, however, that the unit of weight is gram, not gramme.)

To aid U.S. readers in making and understanding the conversion system,
we include the table on the next page. 
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English-Units-to-SI-Units Conversion Factors
 

Quantity Multiply To Obtain 
 

or Property English Units English Units By These SI Units
 

Length, inches (in.) 25.4 millimetres (mm) 
depth, 2.54 centimetres (cm) 

or height feet (ft) 0.3048 metres (m) 
yards (yd) 0.9144 metres (m) 
miles (mi) 1609.344 metres (m) 

1.61 kilometres (km) 

Hole and pipe diameters, bit size inches (in.) 25.4 millimetres (mm) 

Drilling rate feet per hour (ft/h) 0.3048 metres per hour (m/h) 

Weight on bit pounds (lb) 0.445 decanewtons (dN) 

Nozzle size 32nds of an inch 0.8 millimetres (mm) 

barrels (bbl) 0.159 cubic metres (m3) 
159 litres (L) 

gallons per stroke (gal/stroke) 0.00379 cubic metres per stroke (m3/stroke) 
ounces (oz) 29.57 millilitres (mL) 

Volume cubic inches (in.3) 16.387 cubic centimetres (cm3) 
cubic feet (ft3) 28.3169 litres (L) 

0.0283 cubic metres (m3) 
quarts (qt) 0.9464 litres (L) 

gallons (gal) 3.7854 litres (L) 
gallons (gal) 0.00379 cubic metres (m3) 

pounds per barrel (lb/bbl) 2.895 kilograms per cubic metre (kg/m3) 
barrels per ton (bbl/tn) 0.175 cubic metres per tonne (m3/t) 

gallons per minute (gpm) 0.00379 cubic metres per minute (m3/min) 
Pump output gallons per hour (gph) 0.00379 cubic metres per hour (m3/h) 
and flow rate barrels per stroke (bbl/stroke) 0.159 cubic metres per stroke (m3/stroke) 

barrels per minute (bbl/min) 0.159 cubic metres per minute (m3/min) 

Pressure pounds per square inch (psi) 6.895 kilopascals (kPa) 
0.006895megapascals (MPa) 

°F - 32Temperature  degrees Fahrenheit (°F) degrees Celsius (°C)
1.8 

Mass (weight) ounces (oz) 28.35 grams (g) 
pounds (lb) 453.59 grams (g) 

0.4536 kilograms (kg) 
tons (tn) 0.9072 tonnes (t) 

pounds per foot (lb/ft) 1.488 kilograms per metre (kg/m) 

Mud weight pounds per gallon (ppg) 119.82 kilograms per cubic metre (kg/m3) 
pounds per cubic foot (lb/ft3) 16.0kilograms per cubic metre (kg/m3) 

Pressure gradient pounds per square inch


per foot (psi/ft) 22.621 kilopascals per metre (kPa/m)



Funnel viscosity seconds per quart (s/qt) 1.057 seconds per litre (s/L) 

Yield point pounds per 100 square feet (lb/100 ft2) 0.48 pascals (Pa) 

Gel strength pounds per 100 square feet (lb/100 ft2) 0.48 pascals (Pa) 

Filter cake thickness 32nds of an inch 0.8 millimetres (mm) 

Power horsepower (hp) 0.75 kilowatts (kW) 

square inches (in.2) 6.45 square centimetres (cm2) 
square feet (ft2) 0.0929 square metres (m2) 

Area square yards (yd2) 0.8361 square metres (m2) 
square miles (mi2) 2.59 square kilometres (km2) 

acre (ac) 0.40 hectare (ha) 

Drilling line wear ton-miles (tn•mi) 14.317 megajoules (MJ) 
1.459 tonne-kilometres (t•km) 

Torque foot-pounds (ft•lb) 1.3558 newton metres (N•m) 
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Flow 
Diagram 
Symbols 

KETTLE REBOILER OR CHILLER



HOT 
FLUID 

HOT FLUID 

SIDE VIEW END VIEW 

HEAT EXCHANGER (MAY ALSO BE USED AS A REBOILER OR CONDENSER) 

SHELL FLUID 

TUBE 
FLUID 

SIDE VIEW END VIEW 

COMPRESSORS 

RECIPROCATING CENTRIFUGAL 

PUMPS 

RECIPROCATING CENTRIFUGAL 

AIR COOLER OR CONDENSER FILTER 
HOT FLUID 

ACCUMULATOR, FLASH TANK, SURGE TANK, SEPARATOR, SCRUBBER 

HORIZONTAL VERTICAL 

EXPANDER FIRED HEATER
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In this chapter: 

• Components and characteristics of natural gas 
• Temperature and pressure 
• Physical properties of natural gas 
• Heat energy and heating values 
• Ideal gas law 
• Equations of state and equilibrium 

Natural gas is a highly compressible mixture of hydrocarbons and may also
contain significant amounts of nitrogen, helium, carbon dioxide, hydrogen
sulfide, and water vapor. When extracted from an underground reservoir, 
some of the impurities in natural gas are considered undesirable and must 
be removed before the gas can be sold.

The petroleum industry generally classifies natural gas by its relation
ship to crude oil in an underground reservoir. Associated gas is the term used 
for natural gas that is in contact with crude oil in a reservoir. Associated gas
may be a gas cap over the crude oil or a solution of gas and oil. Nonassociated 
gas exists in reservoirs that have no crude oil. Whether associated or nonas
sociated, produced gas streams are highly variable in composition and can 
contain a wide range of hydrocarbon and non-hydrocarbon components.

Gas facilities operated in the field are mainly used to condition the gas 
to make it marketable or to prepare it for further processing. These field facili
ties remove impurities, water, and excess hydrocarbon liquids. The final field 
operations involve the use of pressure-reducing regulators or, more often, 
compressors to raise the pressure.

Processing plants are usually designed to recover certain valuable
natural gas products over and above those needed to make the gas market-
able—that is, natural gasoline, butanes, propane, and ethane. Plants may
also be designed to recover elemental sulfur from the hydrogen sulfide gas 
removed from raw natural gas. Another function of plants is to separate the 
recovered liquid hydrocarbons into various mixtures or pure products by the
use of fractionating columns. Plant processes usually incorporate many of the
functions ordinarily performed by field facilities. The processed natural gas
that enters the sales transmission pipeline is primarily a mixture of methane 
(usually >95%) with varying amounts of other heavy hydrocarbons and non-
hydrocarbons. 

COMPOSITION OF NATURAL GAS 
Natural gas is primarily methane mixed with varying quantities of ethane, 
propane, butanes, pentanes, hexanes, and other heavier hydrocarbons. Natu
ral gas may also contain some non-hydrocarbon components such as carbon
dioxide, hydrogen sulfide, nitrogen, helium, and water vapor. Trace amounts 
of other components, such as mercury, may also be present.

Natural gases produced from different reservoirs can have very distinct
compositions. No single specific composition can be considered the defini
tive composition of natural gas. Table 1.1 shows three examples of produced 
natural gas streams and their compositions. 

Characteristics of Natural Gas 

1 
Characteristics


of Natural Gas
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In this chapter: 

•	 The geology of oil and gas accumulations 
•	 Shale gas 
•	 Calculating amounts of original gas in place 
•	 Estimating gas reserves 
•	 Determining gas well ratings 
•	 Well and production equipment 

Oil and gas are known as fossil fuels. The most prevalent theory of their origin
is organic; that is, that they originated millions of years ago from living organ
isms in ancient seas. Falling to the seafloor as they died, these organisms built 
accumulations that eventually were covered by other sediment. Because of the
pressure exerted by both water and sediment, the organic material gradually
became transformed into petroleum and natural gas. 

OIL AND GAS ACCUMULATIONS 
For oil and gas to accumulate, three conditions are necessary. First, an organic
source must exist. Second, a permeable porous bed or reservoir rock must 
exist to allow the oil and gas to flow through it. Finally, there must be a trap
that creates a barrier to the fluid flow that causes the petroleum and natural 
gas to accumulate. 

Migration 
It is generally accepted that any accumulation of oil and gas is a result of 
migration of widely dispersed and relatively small individual quantities of
hydrocarbons to a more concentrated deposit as is found in a reservoir. The 
source material may be in close proximity to the present pool. However, it is 
thought that in most cases the organic source material that forms petroleum 
and natural gas is widely distributed in the sediments and that accumulations
are the result of the combination of small portions from near and far. Several 
natural forces and conditions that promote such migration include: 

•	 Compaction of source beds by the weight of the overlying rock. 
This provides a driving force that tends to expel fluids through pore
channels or fractures to regions of lower pressure and normally
shallower depth. 

•	 Gravitational separation of gas, oil, and water in porous rocks that 
are usually water saturated. 

•	 Pressure differential from any cause between two interconnected 
points in a permeable medium. 

•	 Faulting of the earth’s strata. 

Natural Gas Production 

2 
Natural Gas


Production
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In this chapter: 

•	 Separation of well stream gas in the field 
•	 Types of conventional separators and how they work 
•	 Filter separators to remove small liquid and solid particles 
•	 Stage separation 
•	 Low-temperature separation systems 
•	 Condensate stabilization 

WELL STREAM SEPARATION 
A natural gas well stream produced from a reservoir is predominantly a com
plex mixture of different compounds of hydrogen and carbon with different 
densities, vapor pressures, and other physical characteristics. A typical well 
stream is a high-velocity, turbulent, constantly expanding mixture of gases
and hydrocarbon liquids mixed with water vapor, free water, solids, and other
contaminants. As it flows from the hot, high-pressure reservoir, the well stream
undergoes continuous pressure and temperature reduction. Gases evolve from
the liquids, water vapor condenses, and some of the well stream changes in
character from liquid to bubbles, mist, and free gas. The high-velocity gas
carries liquid droplets, and the liquid carries gas bubbles.

The purpose of field processing of natural gas is to remove and sepa
rate the well stream into salable gas and petroleum liquids while recovering
the maximum amounts of each at the lowest possible overall cost. Typical
specifications considered for the quality of salable gas include pressure, tem
perature, higher heating value (HHV), Wobbe Index, gas hydrocarbon dew point
(HCDP) at some pressure range, inert total including nitrogen (N2), carbon
dioxide (CO2), oxygen (O2), water ((H2O), total sulfur, hydrogen sulfide, and 
radioactive components. Field processing of natural gas consists of four basic 
processes: 

•	 Separation of the gas from entrained solids and free liquids such as 
crude oil, hydrocarbon condensate, and water 

•	 Conditioning the gas to remove other undesirable components, such
as hydrogen sulfide and/or carbon dioxide 

•	 Conditioning the gas to remove condensable water vapor, which 
under certain conditions, may cause hydrate formation 

•	 Processing the gas to remove condensable and recoverable hydro
carbon components 

Natural Gas and Liquid Separation 

3 
Natural Gas 
 
and Liquid 
 
Separation
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In this chapter: 

• How and why hydrates form 
• Ground temperature effect on gas saturated with water vapor 
• Hydrate inhibitors and functions 
• Heaters and their components 

Most natural gas contains a substantial amount of water vapor when it is 
produced from a well or separated from an associated crude oil stream. If 
water vapor is not removed from the gas stream, it will condense into liquid
and may cause hydrate formation as the gas is cooled from the high reservoir 
temperature to the cooler surface temperature. Liquid water usually accelerates
corrosion and the solid hydrates can pack solidly in gas gathering systems, 
resulting in partial or complete blockage of flow lines.

Hydrates are solid compounds that form as crystals that look like snow 
or ice. Hydrates are water clathrates in which light hydrocarbons are trapped
in a water lattice. They are about 10% hydrocarbon and 90% water. Hydrates
have a specific gravity of about 0.98 and usually float in water but sink in 
hydrocarbon liquids. Water along with some turbulence in the flowing gas 
stream is always necessary to produce hydrates (figs. 4.1 and 4.2). 

Ph
ot

o 
by

 D
r. 

A
le

x 
Fr

ei
ta

s 
fo

r P
et

ro
br

as
 

Figure 4.1 Hydrate plug 

Flow Assurance 
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Flow 
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In this chapter: 

•	 Dehydration of natural gas through absorption and adsorption 
•	 Hydrate formation control through dew-point depression 
•	 Liquid-desiccant dehydrator systems and how they operate 
•	 Plant operation problems with the use of liquid-desiccant dehydra

tors 
•	 Solid-desiccant dehydrator systems and how they operate 
•	 Use of the hydrocarbon recovery unit 

Natural gases contain water vapor that must be removed to make gas market
able. Water vapor can condense in pipelines as the pressure and temperature 
changes. The condensed water accumulates at low points along the pipe
line—and can reduce its flow capacity, result in the formation of solid gas
hydrates, and corrode the pipeline, especially if CO2 and H2S are present in 
the gas. Dehydration is the process of removing water vapor from natural gas 
to prevent condensation of water as pressure and temperature conditions 
change during transmission and processing of the gas. Several methods are 
used to dehydrate gases (fig. 5.1). 

ABSORPTION AND ADSORPTION 
Almost all gas moved through transmission lines is dehydrated by either
absorption or adsorption. Absorption is a mass transfer process that removes 
water vapor by bubbling the gas upward through liquids that have a special
affinity for water. Removing water vapor by making the gas flow through a 
bed of granular solids with an affinity for water is adsorption.

The dew point of natural gas is the temperature at any specified pressure 
at which the gas is saturated with water vapor. Saturation means that the gas
contains as much water (in vapor form) as possible at a specified pressure 
and temperature.

The liquid or solid that has an affinity for water and is used in the contac
tor during absorption or adsorption is called the desiccant. Two major types of
dehydration equipment in use at this time are the liquid desiccant dehydrator
and the solid desiccant dehydrator. Each has its advantages and disadvantages
and its own region of application. 

Dehydration of Natural Gas 
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In this chapter: 
• Purpose and function of natural gas sweetening 
• Nonregenerative processes for removing acid gases 
• Regenerative processes for removing acid gases 
• Quality and interchangeability of natural gas 
• Btu control in natural gas 

Natural gas is a mixture of hydrocarbons and impurities such as water, car
bon dioxide, hydrogen sulfide, and, in some cases, other sulfur species like 
mercaptans. Some or all of these impurities must be removed to make the gas 
marketable or to process it further. The removal of H2S, CO2, and other sulfur 
species is referred to as gas treating or sweetening. 

A natural gas stream also contains varying amounts of heavier hydro
carbon components such as ethane, propane, butanes, and pentanes. Removal
of the heavy hydrocarbons may be required to meet heating value and/or 
hydrocarbon dew-point specifications required by sales gas pipelines. In some
cases, the heavier hydrocarbons are extracted from the gas stream because 
they are worth more when sold as liquids rather than for their heating value 
when left in the gas.

There are several common gas sweetening methods and processes used 
to remove heavy hydrocarbon to control the heating value and/or hydrocar
bon dew point of a natural gas stream. See the references at the end of this 
chapter for further reading about the deeper recovery of heavier hydrocarbons
including ethane. 

GAS SWEETENING 
Removal of H2S, CO2, and mercaptans from a gas stream is referred to as gas 
sweetening. H2S, CO2, and mercaptans are called acid gases, because in the 
presence of water they form acids or acidic solutions. Treated gas specifica
tions for sales pipelines are usually quite stringent. Typical U.S. sales gas
contracts require: 

H2S < 0.25 grains/100 scf (approximately 4 ppmv)
Total sulfur compounds < 5 grains/100 scf (approximately 80 ppmv)
CO2 < 2% mole 

Note: 1 lb-mass = 7000 grains; ppmv = parts per million by volume 

H2S must be removed because it is extremely toxic (poisonous) and
cannot be tolerated in gases used for domestic/industrial fuels. H2S in the 
presence of water is very corrosive and can cause premature failure of valves, 
pipelines, and pressure vessels. It can also cause catalyst poisoning (destruction
of properties so that the catalyst becomes ineffective) in refinery operations, 
requiring several expensive precautionary measures. 

Miscellaneous Gas Conditioning 
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abandonment reservoir pressure, 25 
absolute open flow, 33 
absolute pressure, 5, 14, 15 
absolute temperature, 4, 5 
absolute units, 15 
absolute zero, 4, 5 
absorber 

amine solution and, 114
 
foaming and, 96

glycol filter and, 95
glycol loss and, 96

glycol regeneration and, 91

liquid desiccant dehydrators and, 89

separator, filter separator and, 94
silica gel process and, 125, 126 

absorption, adsorption and, 85 
accumulations. See oil and gas accumulations 
acid gas

corrosion and, 36 
water and, 107 

acid gases, processes to remove 
hydrogen sulfide scavengers, 109–110
iron sponge process, 112

nonregenerative or regenerative, 109

Sulfa-Check, 111
 
Sulfa Treat, 110–111
 

additive properties, gaseous mixtures and, 9 
adsorbed state of gas, 25 
adsorption

absorption and, 85

cycle, 100–101

on solids, 115, 125
 

air-cooled exchanger, 101 
American National Standards Institute (ANSI), 38 
American Petroleum Institute (API), 10, 38, 42 
American Society of Mechanical Engineers (ASME), 81 
amine plant with direct-fired reboiler, 115 
analyses, typical, 2 
annular space, 36 
ANSI. See American National Standards Institute (ANSI) 
anticlines, 23 
API. See American Petroleum Institute (API) 
API gravity, 10 
aqueous alkanolamines, 113 
aqueous amine processes, 113–115, 116 
aromatic hydrocarbon components, 3
ASME. See American Society of Mechanical Engineers(ASME)
associated gas

definition, 1 
nonassociated gas and, 24, 44

atmospheric pressure, 5
Avogadro’s law, 14
Avogadro’s number, 14 

Glossary 
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babbitt, 95 
back-pressure test, 32–33 
baffles. See also thermosiphon baffle

hydrate detector and, 65

separators and, 50, 51

shell-mounted, 111
 

base pressure, 9
 

batch treatment, 37
 

Benedict-Webb-Rubin-Starling (BWRS) EOS, 16
 

Betapure PK Series cartridge filer, 95
	

blowout, 38
 

boiling point/boiling temperature, 4, 5, 7
 

bottomhole pressure

decrease in, 25
 
estimation of, 31
 
for tight wells, 33gas well rating and, 32

production capacity and, 36
 

Boyle’s law, 14
 

British thermal units (Btu), 13
 

Btu. See British thermal units (Btu)
 
BTU control, natural gas, 121
 

butane(s), 1, 3, 58, 66, 69, 100, 107

calcium chloride, 81
 

Carthage gas field, 75
	

casinghead gas, 24
 

catalyst poisoning, 107
Celsius temperature scale, 4, 5
 

Charles’ law, 14
 

chemical feedstock. See petrochemical feedstocks
 

choke(s)

long-nose, 80–81

on triple-zone completion, 37
 

Christmas tree assembly

definition, 74
	
wellhead equipment and, 37
 

clathrates, 71
 

climate, gathering systems and, 41
 

coalesced liquid, 54
 

cold separator, 123, 124
 

combustion
 
aqueous amine processes and, 114

flame arrestors and, 80
	
heating value and, 13

interchangeability and, 120, 127
 

composition, 1–4
 

compressibility factors, 16–17
 

compressors

as gas conditioning equipment, 43

downstream, 102
 
for increasing pressure, 1, 41, 44

location, noise control and, 40
 

condensate
 
dry gas without, 31

glycol losses and, 65, 96

knockout and, 62
 

low-temperature separation and, 59

low-temperature systems and, 63

pressure temperature phase envelope for, 2

separators and, 43, 52

volatile, 58
 

condensate stabilization
 
salt-bath heater and, 67
 
schematic diagram and, 66

separator temperature and, 67–68
 

condensation, 6
 

connate water, 24
 

constant R, 15
 

controllers, liquid-level, 95–96
 

controls, separator, 52
 

corrosion
 
flow system and, 44

impurities and, 4

reboiler, 96
 
types of, 35, 36
 

corrosion-detection devices, 39
 

corrosion inhibitors
 
about, 37
 
desiccant life and, 102
 
foaming and, 96
 

cricondentherm, 2, 104
 

critical pressure, 12
 

critical temperature and critical pressure, 12, 13
 

cyclic hydrocarbon components, 3
 

DEA. See diethanolamine (DEA)
 
deepwater applications, hydrate control and, 82
 

DEG. See diethylene glycol (DEG)
 
dehydration. See also plant operating problems


about, 85, 103–104
 
absorption and, 85

adsorption and, 85, 100–101

dew point depression and, 86–87

four-bed system, 100

Highspeed equipment, 86

unit, with reboiler, 92
 

dehydrators, 43. See also liquid desiccant dehydrator(s); solid 
desiccant dehydrators 
deliverability tests, 34
 

depletion drive, 24
 

desiccant, 43, 85
 

desiccant life, 102–103
 

desiccant units, 93
 

desulfurization unit, molecular sieve, 117
 

dew point, 85, 86, 87
 

dew point depressions

about, 86–87 
dehydration systems and, 93, 103
 

diethanolamine (DEA), 113
 

diethylene glycol (DEG), 88, 103, 122
 

differential pressure, 56
	

dolomitization, 22
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domes, 23
 

double-barrel horizontal separators, 51–52
 

downdip, 23
 

downstream handling, impurities and, 4
 

drips, 43. See also separators, conventional
 
dry gas, 89
 

dry-gas filter separator, 53
	

effective porosity, 22
	

effluent, 114
	

EG. See ethylene glycol (EG); monoethylene glycol (MEG)
 
EIA. See Energy Information Administration (EIA)
 
electric resistance welded (ERW) tubing, 36
 

emulsion, 95
 

Energy Information Administration (EIA), 26
 

entrained solids, 47
 

EOS. See equations of state (EOS)
 
equations of state (EOS), 16–17, 18
 

equilibrium, 6, 18
 

erosion, 80
 

ERW. See electric resistance welded (ERW) tubing
 

ES (Express Series) cartridge filter housing, 95
	

estimate of gas reserves, 32
 

ethane
 
as refrigerant, 122                                                                                    

extraction of, 4
 

ethylene glycol (EG), 103, 122
 

expansion-temperature reduction curves, 60
 

extraction separator, low-temperature, 62
 

Fahrenheit temperature scale, 4, 5
 

faulting, 21
 

feedstocks. See petrochemical feedstocks
 

field gas treating unit, 116
	

field handling

equipment, gas compositions and, 2

purpose of, 18
 

field processing, 47
	

filter cartridges, 95
	

filter elements, 56
	

filter separators

about, 53
 
applications, 53–55

dry-gas, 53

filter elements and, 56
	
for fog coalescing and gas filtering, 54, 55

large-capacity, 54, 55

liquid and solid contaminants and, 54

pressure drop and, 56

wet gas scrubber with, 94
 

fire hazards, 94, 95. See also safety
 

fire protection, 42
	

fire tube, 79
	

fittings, size and pressure rating, 38
	

flame arrestors, 80
	

flame failure, 95
	

flash, 18
	

flashing, 58, 94
	

flash tank, 66
	

flash vaporization, 58
	

flow assurance. See also flow-line heaters
 
about, 71–72
 
Christmas tree assembly and, 74

ground temperatures and, 75–76

hydrate inhibitors, 76

hydrates, formation of, 72–74

water content of natural gas and, 73
 

flow controller, 101
	

flow diagram

stage separation, 57

two-tower solid desiccant dehydration unit, 99
 

flow-line heaters 
about, 77, 82
 
indirect heaters with other bath solutions, 81
 
indirect heaters with water bath, 77–81
 

flow rate 
gas well rating and, 32, 33, 34

glycol loss and, 96

ground temperatures and, 75

permeability and, 22

quantity of liquids and, 40
 

flow recorder, 41
	

foaming, 96
 

fossil fuels, 21
 

fracking. See hydraulic fracturing
 

fractional distillation, 91
 

fractionating columns, 1
 

free liquids, 47, 48
 

free sulfur, 102
 

free water phase, 8
 

freezing point/freezing temperature, 4, 5
 

gas. See also ideal gases; natural gas; original gas in place; sales 
gas; shale gas


acid, 36, 107
associated, 1, 24, 44
 
casinghead, 24

density of, 9

dry, 89

impurities in, 40

inlet, 93, 100, 102
 
lean, 89
 
nonassociated, 1, 24, 44
 
regen, 117, 125

regeneration, 98, 101

residue, 123
 
salable, 47, 69
 
solution, 24, 39
 
sour, 36
 
wet, 89, 124
 

gas cap, 1, 24
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gas-cap drive, 24
 

gas chromatographs (GC), 41
 

gas compositions, 2
 

gas conditioning. See also refrigeration system; regenerative
 
processes


acid gases, processes to remove, 109–112

gas sweetening, 107–108

natural gas BTU control, 121

natural gas quality and interchangeability, 120
 

gas conditioning equipment, 43
 

gas conditioning system, hydrogen sulfide removal, 112
	

gas dehydration. See dehydration
 

gas deliverability, 34
 

gas density, 9
 

gaseous fuel, 41
 

gas flow rate. See flow rate 
gas hydrate. See hydrate(s)
 
gas-hydrate suppression, 76
 

gas liquids extraction plant, 43
 

gasoline plant, 43
 

gas permeation, 118
 

gas plant, 43
 

gas reserves, estimate of, 32
 

gas sales contracts, 34, 36
 

gas specific gravity, 9
	

gas sweetening, 107–108
 

gas-to-gas heat exchanger, 63
 

gas-to-oil ratio (GOR), 29
 

gas treating, 107
gas well


corrosion, 36
 
schematic, 35
 

gas well rating

back-pressure test, 32–33

deliverability tests, 34

isochronal testing, 34

open-flow tests, 34
	

gathering systems

as primary destination, 44

categories of, 39

climate and topography, 41

gas flow rate and quantity of liquids, 40

impurities in gas, 40

pressure and temperature, 40

reservoirs, types of, 39

surface usage, 40
 

gauge pressure, 5
 

GC. See gas chromatographs
 

glycol

as hydrate inhibitor, 40, 76, 82, 122

liquids, 95

losses, minimization of, 92
 
regeneration of, 91–92
 

glycol absorber tower with scrubber section, 90
 

glycol filters, 95
	

glycol-formulated antifreeze, 81
 

glycol injection system
 

about, 65
 
condensate stabilization and, 66
 

glycol loss, 96
 

GOR. See gas-to-oil ratio (GOR)
 
gross heating value, 13
 

ground temperatures, 75–76
 

HC. See hydrocarbon (HC) components
 

HCDP. See hydrocarbon dew point
 
heat energy, 1, 6, 12
 

heaters, 40, 43. See also flow-line heaters
 
heat exchanger, 61
 

heating value (HV), 13, 120
 

heat mediums, 77, 81
 

heat of combustion, 13
 

hexanes, 4
 

HHV. See higher heating value
 

higher heating value (HHV), 13, 47, 120, 121
 

high-pressure liquid knockout (HPKO), 62–63
 

Highspeed gas dehydration equipment, 86
 

horizontal separators

advantages of, 50–51

double-barrel, 51–52
 

horsepower, 13
 

HPKO. See high-pressure liquid knockout
 
HRU, 103
 

H2S. See hydrogen sulfide
 
HV. See heating value
 

hydrate(s)

chunks of concentrated, 87
 
definition, 71
	
formation of, 4, 72–74, 82, 86
 
free water phase and, 8

ground temperatures and, 75

plug/plug removal, 71, 72
 

hydrate-inhibiting chemicals, 40
 

hydrate inhibitors, 61, 65, 76
 

hydraulic fracturing, 25, 44
 

hydrocarbon(s)

components, 3

heavy, 4

mixture of, 1
 
molecular structures, 3
 
physical properties, 12

vapor pressures of, 8


hydrocarbon (HC) components, 121

hydrocarbon dew point (HCDP), 47

hydrocarbon gas components, 100, 107

hydrocarbon liquids, 34, 47, 48, 63

hydrogen sulfide (H2S)


removal, gas conditioning system, 112, 125

scavenger system, 109

toxicity of, 108, 126
 

ideal gases, 14
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ideal gas law, 14–16, 18
 

impurities

field handling and, 1, 18

in natural gas, 40, 107
removal of, 4
 
solid, 49
 

indirect heater(s)

equipment arrangement, 78

long-nose chokes and, 80–81

schematic, 79
 
thermosiphon baffle arrangement, 79

with other bath solutions, 81
 
with water bath, 77–81
 

injection system, glycol, 65
 

inlet gas, 93, 100, 102
 

interchangeability, natural gas, 120, 127
 

intergranular reservoir, 24
 

International System of Units, 4
 

interstitial water, 24
 

iron sponge process, 112
 

isochronal testing, 34
 

Joule-Thomson (J-T) refrigeration effect, 40, 121, 123–124, 127
	

J-T valve, 103
 

Kelvin (K) temperature scale, 4, 5
 

kill string, 37
 

kinetic inhibitors, 40
 

kinetic theory of gas, 9
 

knockout(s). See also separators, conventional

free-liquid, 65

well stream and, 62–63
 

K values, 18
 

latent heat, 13
 

laws, local, 42
 

lean gas, 89
 

lean solution, 89
 

Lee-Kesler-Plocker (LKP) EOS, 16
 

liquefied petroleum gas (LPG), 120
	

liquid(s)
flow rate, 48
	
free, 47, 48
 
hydrocarbons, 34, 47, 48, 63

quantity of, gas flow rate and, 40
	

liquid density, specific gravity and, 10
	

liquid desiccant, 85
 

liquid desiccant dehydrator(s)

about, 88–90
 
glycol absorber tower with scrubber section, 90

glycol regeneration, 91–92

operating variables, 93

process, 89

triethylene glycol (TEG) gas dehydrator unit, 88
 

liquid fuels, 4, 41
 

liquid-gas ratio, 39

liquid-level controllers, 95–96
 
liquid recovery, separator temperature and, 68
 
local laws, 42
 
long-nose chokes, 80–81
 
loop systems, 39
 
low-temperature extraction separator (LTX), 62

low-temperature separation, 59–60, 69
 
low-temperature separator (LTS), 62
 
low-temperature systems


basic equipment, 61–62

glycol injection system, 65

hydrocarbon liquids and, 63

mechanical refrigeration system, 61

schematic flow diagram, 61

skid-mounted, 64
 
well stream and, 62–63, 64
 

LPG. See liquefied petroleum gas (LPG)
 
LTS. See low-temperature separator (LTS)
 
LTX. See low-temperature extraction separator (LTX)
 

mass and weight, 10–11
 

mass-transfer zone, 100
 

material balance method, original gas in place, 29–31, 44
 

matrix, drainage, 32
 

matter, states of, 12
 

MDEA. See methyl diethanaol amine (MDEA)
 
mechanical refrigeration system, 61
 

MEG. See methyl ethylene glycol (MEG); monoethylene glycol

(MEG)
 
membrane element, spiral-wound, 118
 

membrane process, 118–119
 

membrane skid, for carbon dioxide removal, 119
 

mercaptans, 107
 
 

methane
 
HHV of, 13
 
sales transmission pipeline and, 1
 

methanol, as hydrate inhibitor, 40, 76, 82
 

methyl diethanaol amine (MDEA), 113
 

methyl ethylene glycol (MEG), 122
 

migration, 21
 

million standard cubic feet (MMscf), 48, 64
 

MMscf. See million standard cubic feet
 
molecular sieve (mol sieve), 115
 

molecular sieve process, 117
 

molecular structures, hydrocarbon, 3
 

molecular weight, 10, 11, 16
 

moles, 11
 

mol fraction, 11
 

mol percent, 11
 

monoethylene glycol (MEG), 88
 

natural gas

composition of, 1–4

mixtures, 18
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physical properties of, 6–13
quality and interchangeability, 120
 

natural gas BTU control, 121
 

natural gas liquids (NGL), 121
 

NGL. See natural gas liquids (NGL)
 
nitrous oxide (NOX), 111
 

nonassociated gas, 1, 24, 44
 

non-hydrocarbons, physical properties, 13
 

nonregenerative acid gas removal process, 109
 

non-regenerative processes, 126
 

NOX. See nitrous oxide (NOX)
 

offshore platform, TEG unit on, 92
	

offshore wells, 38, 92
	

oil and gas accumulations

associated and nonassociated gas, 24

migration, 21

producing gas wells, 25

reservoir drives, 24
 
reservoirs, 22–24
 
traps, 23–24
 

oil saturation, 24
 

open-flow tests, 34
	

optical pyrometers, 4
 

original gas in place

material balance method, 29–31
 
recovery factor and, 32, 44

volumetric method, 28–31
 

overflow system, 95
	

packed column, 91
 

packed-column stripper, 91
 

packer and tubing, 36
 

paraffin hydrocarbon components, 3
	

partial pressure and pure component volume, 8–9
 

Peng-Robinson EOS, 16
 

pentanes, 58
 

permeability

of reservoirs, 22
 
variation in, 31
 

petrochemical feedstocks, 4, 41
 

pH, 102
 

physical properties

about, 6
 
boiling point, 7

critical temperature and critical pressure, 12

freezing point, 8

gas density and specific gravity, 9

heat energy, 12

heating value, 13

liquid density and specific gravity, 10

mass and weight, 10–11

molecular weight, 10–11

partial pressure and pure component volume, 8–9

standard conditions, 9
 
vapor pressure, 6–7
 

pilot flame, 79 
plant operating problems

about, 94–95 
glycol filters and, 95

glycol loss, 96

liquid-level controllers and, 95–96
 

pore space, 22
 

porosity

adsorption process and, 95

effective, 22
	
plugging of, 34

range of, 22
 

pound-atom, 11
 

pound-mol, 11
 

pounds per square inch absolute (psia), 5, 15
 

pounds per square inch gauge (psig), 5
 

pressure

absolute, 5, 14, 15
 
absolute units and, 15
 
base, 9
 
critical, 12
 
gauge, 5

temperature and, 40
 

pressure depletion, 31
 

pressure drop, 56
 

pressure-volume-temperature. See PVT
 

processing plants, 1
 

producing equipment

basic, 41–42
 
gas conditioning equipment, 43

standards, codes, local laws, and regulations, 42
 

producing gas wells, 25
 

production problems, well equipment and, 35–36
 

propane(s)

as refrigerant, 122

petroleum liquids and, 58
 

proportionality factor, 15
 

proportioning valve, 63
 

psia. See pounds per square inch absolute (psia)
 
psig. See pounds per square inch gauge (psig)
 
pump shutdown device, 95
 

pure component volume. See partial pressure and pure compo-
nent volume
 

PVT (pressure-volume-temperature), 16
 

quality, natural gas, 120
 

Rankine (R) temperature scale, 4, 5, 15
 

rarefaction, 14
 

reboiler
 
and controller, 95
 
corrosion, 96
 
gas dehydration unit with, 92

heat added from, 67
 
packed-column stripper on, 91

temperature, 93
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reconcentrator, 91
 

recovery factor, 32, 44
 

Redlich-Kwong (SRK) EOS, 16
 

reflux, 92
	

reflux cooling coil, 92
	

refrigeration system

about, 122–123
 
adsorption on solids, 125

Joule-Thomson (J-T) process, 123–124

silica gel process, 125–126
 

regen (regeneration cycle), 117, 125
 

regeneration column, 91
 

regeneration gas, 98, 101
 

regenerative acid gas removal process, 109
 

regenerative processes

about, 126
 
adsorption on solids process, 115

aqueous amine processes, 113–115, 116

membrane process, 118–119

molecular sieve process, 117
 

regenerator column, 96
 

regen gas, 117, 125
 

regulations, 42
 

regulators, 38
 

reservoir(s)

accumulations and, 22–24
 
crude oil in, 1
 
intergranular, 24

non-oil associated, 2
 
rock formation and, 23
 
types of, 39

undersaturated, 29
 
water-drive, 24
 

reservoir drives, 24
 

reservoir pressure, 25
 

residue gas, 123
 

retrograde condensation, 104
 

return bends, 80
 

rich amine, 114
 

rich solution, 89
 

safety. See also fire hazards; toxicity of hydrogen sulfide
 
guidelines, 42

pilot flame and, 79
	

safety devices, 41
 

safety valves, 38
 

salable gas, 47, 69
 

sales contracts, 34, 36
 
sales gas


gas sweetening and, 107


heavier-than-methane components and, 18

HV control and, 121
 
pipelines, 126

proportioning valve and, 63
 

salt bath, molten, 81
 

salt-bath heater, 67
 

sandface, 32
 

saturation, 85
 

saturation point, 86
 

scf. See standard cubic foot (scf)
 
schematic diagram


amine plant with direct-fired reboiler, 115

condensate stabilization, 66
 
gas well, 35

indirect heater, 79
 
low-temperature separation system, 66

low-temperature separation unit, 61

molecular sieve desulfurization unit, 117
 
of Sulfa Treat vessel, 111
 
silica gel process, 125
 

scrubbers, 43. See also separators, conventional
 
scrubber section, glycol absorber tower, 90
 

sensible heat, 13
 

separation

low-temperature, 59–60

stage, 57–58
 

separators, conventional

about, 48–49, 69
 
controls for, 52
 
double-barrel horizontal, 51–52
 
functions and design, 48

gas conditioning and, 43

horizontal, 50–52
 
sizing and selection, 48–49

three-phase horizontal, 52

vertical, 49–50
 

separator temperature, liquid recovery and, 68
 

shale, 25, 44
 

shale gas

basins, map of, 26

horizontal drilling and, 25, 26

hydraulic fracturing and, 25, 26, 27

original gas in place, 28–31

resource estimates, 26
 

silica gel

process, 125

system, three-bed field, 126
	

SI system, 4
 

slugs, 40
 

solid desiccant dehydrators

about, 85, 97–98
 
adsorption cycle, 100–101

adsorption process, 98

desiccant life, 102–103
 
flow diagram, 99

towers, 97, 99–100
 

solids, adsorption on, 125
 

solution gas, 24, 39
 

solution-gas drive, 24
 

sour gas, 36, 111, 118
 

sparged sour gas, 111
 

specific gravity
gas density and, 9

liquid density and, 10
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SRU. See sulfur-recovery unit (SRU)
 
stabilization. See condensate stabilization
 

stabilizer, 67
 

stage separation

about, 57–58, 69
 
flow diagrams, 57

two-stage separator unit, 58
 

standard conditions
 
about, 9
 
natural gas mixtures and, 6
 

temperature and, 5
 

standard cubic foot (scf), 13
 

standards, 42
 

straight chain hydrocarbon compounds, 3
 

stratigraphic traps, 23
 

stripper, 91
 

structural traps, 23
 

Sulfa-Check, 111
 

Sulfa Treat
 
about, 110–111
 
schematic of vessel, 111
 
unit, 110
 

sulfur, 1
 

sulfur-recovery unit (SRU), 114
 

surface usage, 40
 

surge tank, 8
 

system facilities, 44
 

System International, 4
 

TEG. See triethylene glycol (TEG) 
temperature(s). See also cricondentherm
 

about, 4–5
 
absolute units and, 15
 
boiling point, 4, 5, 7

critical, 12
 
freezing point, 4, 5

ground, 75–76

pressure and, 40

standard, 9
 

thermocouples, 4
 

thermosiphon baffle, 78, 79
	

throttling valves, 41
 

throughput volume, 103
 

tight well, 33
 

topography, gathering systems and, 41
 

towers, 99–100
 

toxicity of hydrogen sulfide (H2S), 108, 126
 

transition zones, 24
 

transmission pipelines, 120, 127
 

traps, 21, 23–24. See also separators, conventional
 
treaters, 40
 

triazine, 109
 

triazine isomers, 109
 

triethylene glycol (TEG)

boiling temperature of, 91

concentrations, 93
 

gas dehydrator unit, 88

liquid dehydrators and, 103

refrigeration system and, 122

unit, 92
 

triple-zone completion, 37
 

trunk systems, 39
 

tubing and packer, 36
 

two-stage separator unit, 58
 

underground reservoir, 1
 

undersaturated reservoir, 29
 

U.S. Energy Information Administration (EIA), 26
 

vaporization, 6
 

vapor-liquid equilibrium ratio, 18
 

vapor pressure, 6
 

velocity of flow, 35
	

vent line, 96
 

vertical separators, 49–50
 

volumetric method, original gas in place, 28–31, 44
 

water content of natural gas, 73
 

water drive, 24
 

water-drive reservoir, 24
 

water saturation, 24
 

well. See gas well; tight well
 
well equipment


corrosion and, 36
 
corrosion inhibitors, 37
 
production problems and, 35

tubing and packer, 36

wellhead equipment, 37–39
 

wellhead
 
equipment, 37–39

pressures, 64

shut-in pressure test, 31

valves, 74
 

well stream
 
cooling, 61, 63

corrosive compounds in, 36, 39

definition, 47
	
flashing and, 58

gas compositions and, 2

glycol injection system and, 65

inlet, 61, 62, 63
 
inlet heater and, 64
 
separation and, 47, 48, 68, 69
 

well stream coil, 78
 

well stream separators. See separators, conventional
 
wet gas, 89, 124
 

wet gas scrubber, 94
 

wireline, 36
 

Wobbe Index, 47, 120, 127
 

working fluid, 122
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To obtain additional training materials, contact: 

PETEX 
The University of Texas at Austin 

PETROLEUM EXTENSION SERVICE �
 
J.J. Pickle Research Campus �
 
10100 Burnet Road, Bldg. 2 �
 

Austin, TX 78758 �
 

Telephone: 512-471-5940 �
 
or 800-687-4132 �
 

FAX: 512-471-9410 �
 
or 800-687-7839 �
 

E-mail: petex@www.utexas.edu �
 
or visit our Web site: www.utexas.edu/ce/petex 


To obtain information about training courses, contact: 

PETEX 
LEARNING AND ASSESSMENT CENTER 

The University of Texas 
4702 N. Sam Houston Parkway West, Suite 800 �
 

Houston, TX 77086 �
 

Telephone: 281-397-2440 �
 
or 800-687-7052 �
 

FAX: 281-397-2441 �
 
E-mail: plach@www.utexas.edu �
 

or visit our Web site: www.utexas.edu/ce/petex �
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