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& slais pids

a, b, c constants in various cquations of stale
: N : *
a, b, c, Ay, By constanisin Beattie-Bridgeman equation of sigle
a, b, c, Ag, constants in Benedict-Webb-Rubin
By, Co, o, v  equation of state ¢
a constant in Soave-Redlich-K won
C . . -
PengRobinson equations of sta
ar temperature-dependent ¢ 1 Soave-
edlichKwong and Peng-R quation.s of state
ar, iemperaturc-depender icient of compoment i
ar temperature@epetiient ient of compoment |
A Avogadro's nut olecules per moleccular
weight
A Cros al fea
A 3 fraction of carbon dioxide and

ficients in various equations of state
oefficients for component j

coefficients in Beattie modification of
BeattieBridgeman equation of state

additional gas produced, a parameler in res ervoir-gas
specific gravity equation, defined by Equation 7-11

APIL, "API liquid gravity in “API, defined by Equatiom 8-2
b coefficient for component j in various equations of
! state

. plotting factor defined by equation 14-4
b; y



bo oil shrinkage factor, defined by Equation 8-4

B mole fraction of hydrogen sulfide in Equation B- 17

B,C, ... vinal coefficients

Bg gas formation volume factor, specific to dry gas,
defined by Equation 6-1

Bo oil formation volume factor, defined by Equation 8-3

Bos oil formation volume factor at bubble-point

Bop see Tablt? 10-3 \ 4

Bobs see Table 10-3 \

Boss see Table 10-3 ®

B, total (two-phase) formation volumels efined
by Equation 8-6

Bw ' see Table 10-3

Bw water formation volume f; ,d d in Chapter 16

Buwi water formation vol tor¥t the bubble point of
water

vol factor, defined by

c gas coefficient o thermal compressibility,
& defined by Equitions 6-4

ient of isothermal compressibility,

C
© y Equations 8-7 or Equation 8-24
Cor pseudoreduced coefficient of isothermal
P pressibility, defined by Equation 6-14
Cw ater coefficient of isothermal compressibility,
defined by Equations 16-2 or Equation 16-3
C constant of integration or constant of
proportionality
(CN),p defined by Equation B-38
(CN)gob defined by Equation B-48
Cp gas heat capacity at constant pressure

d molar density 1/Vy



EXP(x) equivalent to &*

1-‘ fugacity, defined by Equation 15-3
f:] fugacity of component j, defined by Equation 15-18
f, fugacity of gas in equilibrium with liquid
f fugacity of component j of gas in equilibrium with
g liguid
fi fugacity of liquid in equilibrium with gas
fi; fugacity of component j of liquid in equil ibftu

| N
F, factor in Stewart-Burkhardt-Voo equatio-n, defin

by Equation B-9 L 4
G chemical poteitiai
G, chemical potential of compon
GPM liquids content of gas, ga pe cf
GPM. liguids content of coy =nt ' gas, gallons per
. Mscf of gas

] factor in Ste rkhardt-Voo equation, defined

factor in ewa@t- urkhart-Voo equation, defined

K m ratio, defined by Equation 1 2-14
K fagtor in Stewart-Burkhardt-Voo equation, defined
uation B-6

K’ ctor in Stewart-Burkhardt-Voo equation, defined
by Equation B-4

K]- equilibirum ratio of component }

ch calculated vatue of equilibrium ratio of component j

KTi ‘ trial value of equilibrium ratio of component j

In natural logarithm, base e

log common logarithm,-base 10

L length



L. heating value (heat of combustion)

L. heating value of component j

L, Eatent heat of vaporization

m mass

m constant in Secave-Redlich-Kwong and Peng-
Robinson equations of state

m’ _ rmass of one molecule

mg rmass of reservoir gas *

M rnolecular weight \

M, apparent molecular weight, defi atiogy3-35

M., apparent molecular weight of air

Mcr+ apparent molecular weight offie es glus
fraction

M, apparent molecufar wei s

Mj molecutlar weight o pogent j

M, apparent of liquid in equilibrium
with gas

Mo appare N weight of liquid

Mor aipp olecular weight of reservoir liquid

Msto t molecular weight of stock-tank liquid

n ymber of moles, total moles

n’ umber of molecules

n, n umber of moles of gas in equilibrium with liquid

n; n umber of moles of component j

n. n umber of moles of liquid in equilibrium with gas

N moles of liquid remaining at end of differential
vaporization

ng; moles of liquid at start of differential vaporization

ng number of moles of reservoir gas



f fractional moies of gas, n./n

fractional moles of gas formed in stages |, 2, ... «f

He e stage separation process

i, fractional moles of liguid, n/n

A By fraction moles of liquid formed in stages !, 2, ... of

stage separator process

P pressure .

AP pressure change \

Apressure Py corr - Pb rieta: EQuation 11-8 .

Py bubble-point pressure

Py con bubble-point pressure obtainegfrr ofelaticon

Po e bubble-point pressure obt dfr oductiom data

P. critical pressure

PCi

Py

P;

Py

P.. ical pressure, defined by Equation 3-42

p'pc ocritical pressure adjusted for .
onhydrocarbon components, see Equation 3 -45

P, pseudoreduced pressure, defined by Equatiom 3-43

P, reduced pressure, defined by Equation 3-41

P, reduced pressure of component j

Pr reservoir pressure

P.. pressure, standard conditions, see Table 6-1

| separator pressure

Pspy Pepa ... pressure of stages 1, 2, ... of stage separation process



P, vapor pressure

Pvi vapor pressure of component j

P reduced vapor pressure, P,/P,

vr

P parachor in interfacial tension equations

P, parachor for component j

T electrical resistance

R producing gas-oil ratio PN

R universal gas constant \

R, solution gas-oil ratio (gas solubility in ail), defm‘e
by Equation 8-5

Ry, solution gas-oil ratio at bubb!

Rip see Table 10-3

Ryps see Table 10-3

Resy see Table 10-3

R solution ga gas solubility in water)

R, water resistivitydefined by Equation 16-5

Rep separatogprodcing gas-oil ratio

Rsp. Rgpa, .. difgi s-oil ratio from stages 1, 2, ... of stage
e n process

Rst ck-tank producing gas-oil ratio

S salinity of brine

T temperature

AT temperature change

Tx temperature at normal boiling point

TBj temperature at normal boiling point of component j

T, critical temperature

ch critical temperature of component j

AT, reduction in hydrate-forming temperature



Tpc pseudocritical temperature, defined by Equation 3~
42

T,I" pseudocritical temperature adjusted for

nonhydrocarbon components, see Eguation 3 -44-

Tpr pseudoreduced temperature, defined by Equation 3—43

T, reduced temperature, defined by Equation 3-41

Tri reduced temperature of component j

Tr reservoir temperature ¢

T temperature, standard conditions \

Tsp separator temperature L 4

Tspr. Tspa, - temperature of stages 1, 2, ... 0‘@ afion
process

\ molecular velocity &

v specific volume @

v volume

Vi volume of liqui ubble point

VEQ equivaierggas v%me of stock-tank liguid, a parameter
inre s specific gravity equation, defined by

V. tial volume of component j, defined in Chapter 3
molar volume, i.e., volume of one mole

maolar volume at the critical point

gas molar volume

liguid molar volume

liguid volume

gas volume. calculated at reservoir conditions

gas volume calculated at standard conditions

total volume




Xjf

Yj

see Table 10-3

water volume

change in water volume during pressure reduction
in B,, equation, Equation 16-1

change in water volume during temperature
reduction in B, equation, Equation 16-1

L 4
b methane/lb mole mix {mole fraction time
molecular weight of component)

lb ethane/ib mole mix {mole fra <
molecular weight of component)

b carbon dioxide/Ib mole mi ion times
molecular weight of co nen

Ib hydrogen sulfide/| teQix{mole fraction
times molecular w omponent)

ib mix/lb rgole rfix ( ar weight of total
mixture)

Ib nitrogen/Ib mix (mole fraction times

molecu wei@t of component)

wei ion of component j
content, Equation B-76
ight percent solute, Equation B-89

weight fraction of methane in mixture, defined by
Equation 11-1, used as percent in Figure 11-6

weight fraction of ethane in ethane and heavier, defined
by Equation 11-2, used as percent in Figure 11-6

mole fraction of component j in liquid

mole fraction of component j in liquid at initial
conditions

mole fraction of component j in liquid at final
conditions

mole fraction of component j in gas



Y condensate volume

7 compressibility factor (z=pV/nRT), defired by Equation 3-40
Ze compressibility factor at critical point

Z, compressibility factor of gas {Zg = pVa,/RT)

Zl mole fraction of component j in total mixture

7, compressibility factor of liquid (Z, = pVu/RT)

Zee gas compressibility factor at standard condi‘tion
Greek temperature-dependent coefficient in Soavex
L RelichKwong and Peng-Robinson equations of s

o temperature-dependent coefficie

B coefficient of isobaric thermal gefined
by Equation 8-25

o specific gravity of heptar& ction, defined a:s
PO
for iiquid

by Equation 3-36

ng

¥ s sep as sﬁcific gravity

Y e separator gas specific gravity

Y uspa ond-stage separator gas specific gravity

VesT tock-tank gas specific gravity

v, liquid specific gravity, defined by Equation 8 -1

Yo, specific gravity of component j of a liquid

Yero stock-tank oil specific gravity

v, water (brine) specific gravity, defined in Chapter 16
5. hinary interaction coefficient in Soave-Redlich-

Kwong and Peng-Robinson equations of state



indicates difference

A
c pseudocritical temperature adjustment factor for
nonhydrocarbon comgponents, Equations 3-44 and 3-45
g error fqnction of component j, Chapter 15
. factor in Stewart-Burkhardt-Voo equation, defined
J
by Equation B-7
& factor in Stewart-Burkhardt-Voo equation, defin
K
by Equation B-8 ¢
m dynamic viscosity \
M, gas viscosity {dynamic) ) 4
My gas viscosity of component j
Mgy gas viscosity {(dynamic) mo iC pressure
m oil viscosity (dynami
I, oil viscosity (dyngmi&iat ble-point pressure
mn oil viscosity miyat atmospheric pressure
oD
(dead ojl)
™ wat@ sity?dynamic)
TR iscosity (dynamic) at atmospheric pressure
v matic viscosity, defined by Equation 6-15
P, pparent liquid density of solution gas
P, apparent liguid density of methane
Po.c2 apparent liquid density of ethane
P liquid density at reservoir pressure and 60°F
Pess density of propane and heavier part of mixture
P, density of gas

Py density of gas at its critical point



A adjustment to liquid density due to hydrogen sulfide
Puas :

content

P, density of liquid in equilibrium with gas

p. density of liquid

P, density of component j as a liquid at standard
conditions

P.s density of liquid at bubble-point conditions‘

P density of reservoir liquid at reservoir condi\\

Ap, adjustment to liquid density due to pressure

Po. density of pseudo liquid

P ps:udoreduced gas density, define ation B-18,
B-

Pere density of stock-tan &ard conditions

Ap, adjustment to liguid \W&nsigy due to temperature

P.

o

O.. terfacial tension

¢j _ oefficient of component j, defined by

ation 15-21

(l)gj fugacity coefficient of component jin gas

b, fugacity coefficient of component j in liquid

© acentric factor

w; acentric factor of component j

Q constant in equation of state, 0.45724 in PengRobinson

! equation, 0.42747 in Soave-RedlichKwong
Qb constant in equation of state, 0.07780 in

PengRobinson equation, 0.08664 in Soave-
RedlichKwong equation



Subscripts apparent, also used with (_, to indicate constant

a in a. equation
Actual actual (as in real gas)
Air air
A.B 'C different chemical species, different components of
3 3
a mixture
A argon
) , . *
b bubble point, also used with Qb to indicate cofgtan
in b equation

B hoiling point \ 2
c critical, also used with L. to repr t stion
corr value of property obtain ro@«ion

Cl, C2,C3, methane, ethane, pro K

C3+ property of aropfhe- ction of the petroleum
mixture
C7+ propertyof the heftanes-plus fraction of the

CO2 s e

C+ piaperty’of the plus fraction of the petroleum mixture

d dew point

dry ry, with L. to indicate no water vapor prior to
combustion

D property measured in a differential vaporization
{see Table 10-3) also used for dead oil

f final value or final conditions

Field value of property obtained from production history

F property measured in a flash vaporization, see
Table 10-3

g gas



gl gas at atmospheric pressure
H2S hydrogen sulfide

i initial value or initial conditions or different
components of a mixture

ideal property of an ideal gas or ideal gas mixture

ij iand j represent different components of a mixture

in i, J, and k represent different components of‘a mi e

j different components of a mixture

if j represents different components of a mixtuh
represents final value or final corf@iti 4

ji j represents different compone ure, i
represents initial value or init fons

L liquid, usually in the conte iqui equilibrium
with a gas

mix total mixtu

M molar

N2

O

02

p ssure {in the context of constant pressure in Cp)
or¥Jressure dependent

pc seudocritical

p pseudoliquid

pr pseudoreduced

r reduced

R reservoir (used only when necessary to distinguish

between guantities in same calcuiation, such as
Psroand Pgrg)

5 solution {(gas in oil)



sc standard conditions

SW solution {gas in water}

S property measured in a separator test, see Table 10-3

Sp . separator

SP1 first-stage separator

\ SP2 second-stage separator )

ST 7 sto;k tank .

STO stock-tank il (used only when necessary to distiw
between quantities in same calculation, such as
Per aNd Psro) A g

t total or two phase
temperature or temperagur,

v used in p, to indicate vaporyjgess and L, to
indicate vaporizatio

water (oilfigld brihe)

w

wet wet, with L, to saturated with water vapor
prior to gombusti

we © wet

1.2.3 primarily to indicate different conditions

b 3 >t
ressure and temperature, also used to indicate

s s of separation

Supe ’ calculated value

C

T trial value

Abbreviations angstrom unit {10 cm)

A

AGP additional gas produced, a parameter in reservoir-

gas specific gravity equation

API degree (American Petroleum Institute}



atm atmosphere

bbl barrel

bbl/d barrels per day

BTU British thermal unit

ce cubic centimeter

om centimeter

cp centipoise .

cu cubic

cu ft cubic foot \

cu fi/d cubic feet per day ¢

cu ft/Ib cubic feet per pound

cu ft res gas cubic feet of reservoir g por @: reservoir
conditions

cu ft STO cubic feet of stock- uia¥eported at standard
conditions

cum cubic mete

C indicates criticalgoint on diagram

Cl,C2,... etha@e, .. . subscript indicates number of

C2+ nd heavier fraction of mixture
C3+ pane and heavier fraction of mixture
C7+ heptanes and heavier fraction of mixture
d day

dit differential vaporization

eq wt equivalent weight

ft foot

ft-1b foot-pound

°F degrees Fahrenheit

g gram



g/cc grams per cubic centimeter

gal gallons
g mole gram mole
er grain
GOR gas-oil ratio
GPM gallons per Mscf
hp-hr horsepower hour
Hg mercury
in inch
in Hg inches of mercury
kg/sq cm kilograms per square centimet
K mole kitogram mole
k Pa kilo pascal &
K | Kelvins
KW-hr kilowatt hou
| liter
b poun L 2
Ib/cu ft poadsipertubic foot
| Ib/gal p&ynds per gallon
b mole mole
Ib/sq i unds per square inch
Ih/ pounds per square foot
lim limit
lig liquid
In natural logarithm (base e}
log common logarithm (base 10}
m meter

meg milliequivalent weight



rng ml”lgl’am

Microsip psi’* X 10°

ml mitliliter

mm millimeter

mm Hg millimeters of mercury

mol wit molecular weight

MMscf million standard cubic feet .
MMSTR million stock-tank barrels

Mscf thousand standard cubic feet \
Msctrd thousand standard cubic feet per ¢
MSTB thousand stock-tank barrels

MSTB/d thousand stock-tank ba pe Q

nsia pounds per sq absoiute

0z/sq in ounce per square inc
ppm parts per million @
pst pounds peifgguare inc

e In

psig rsaygre inch gauge

res

res cu ft t of reserveir gas reported at reservoir

nditions

res bbl els of reservoir liquid or gas (or both) reported
at reservoir conditions

o degrees Rankin

scf standard cubic feet, volume of gas reported at
standard conditions

scf/STB standard cubic feet of gas per barrel of stock-tank
liquid

sec second

Sip Psit

sp. gr. specific gravity



sq
sq cm
sq ft
sq in
Sp

SP bbl
ST
STB

STB/d
STO
. VS

VEQ

wt

square
square centimeter
square foot
sqguare inch

separator

barrels of separator liquid

stock tank

barrels of stock-tank oil (stock-tank barrel) re

*

e
at standard conditions, aiso used for barrels o&

water at standard conditions

stock-tank barrels per day

stock-tank oil

vVersus

parameter in reservg
equations

weight

equivalent gas volume g & liquid, a
6» p C gravity

*



