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SIMPLIFIED PREDICTION OF OUTPUT CURVES FOR
STEAM WELLS
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For geothermal condit ions:

1

Ttieref ore from Equation 7 :

B . .........
Now so lv ing f o r the mass f low from
Equations 1 and 8 gives:

W
.....

ABSTRACT

A s i m p l i f i e d method f o r the p red i c t i on o f
output curves f o r steam i s presented. The
method o f Ramey i s developed and an
equiva lent 1bore diameter used t o
represent changes i n 1 p r o f l e . Results
are compared w i t h those from a homogeneous
model wel lbore simulator.  Model v a l i d i t y i s
confirmed w i t h a f i e l d t e s t .

INTRODUCTION

Determining f low capaci t ies f o r steam wel ls
i s d i f f i c u l t due t o the lack o f f i e l d data
which ar ises p a r t l y from the f a c t t h a t most
steam we l l s are t h r o t t l e d by the formation 
and not by the f low capacity o f the casing.

Assuming complete turbulence the f r i c t i o n
f a c t o r can be expressed as:

f

Theoret ica l steam f low assuming adiabat ic
wel lbore i s described by Ramey

Assume a casing roughness ( e ) for commercial
s t ee l o f m. Equation 10
i n t o Equation 9 convert ing t o S.I. un i t s
(pressure gives:

where

B v ...............
E q u i v a l e n t Diameter

Uni ts are l b f , lbm, i n , h , except " L "
which i s i n f t . Equation 11 necessitates the use of a s ing le

f r i c t i o n fac to r . Wellbore geometries o f
vary ing diameters can be represented by a
s ing le equiva lent wel lbore diameter. The
parameters are t o remain
constant a t the average pressure i n each

1bore step.

Steam proper t ies are evaluated a t the average
pressure temperature i n the

1bore.

METHOD
T o compute the equiva lent wel lbore diameter
consider the-stepped we l l shown i n Figure 1.

Well Flow Capaci ty C o r r e l a t i o n
Consider sec t ion a-b and apply Equation 9:

Equation 1 can be s i m p l i f i e d using the 
exponenti se r ies approximation: .......

= x . . . .+ ..(3)
where

For x 1 Equation 3 can be approximated by
the fo l l ow ing expression t o 1% accuracy Za v ,

Consider sec t ion b-c:. + ............................ ( 4 )

Therefore:

E l im ina t ing from Equations 12 and 13
gives:

Subs t i t u t i ng Equation 5 i n Equation 1 gives:

Solv ing f o r "B" Equation 6: For a stepped we l l w i t h equiva lent uniform
diameter, and f r i c t i o n fac to r ,
Equation 12 can be rearranged as:
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............ (15)

Comparing Equations 14 and 15:

...
Rearranging gives:

De

. . .
The number o f var iab les can be reduced by
no t ing :

Lab

APPLICATION

The phi losophy o f the method i s :

Ca lcu la te wel lbore and f l u i d p roper t ies .

For a stepped we l l ca l cu l a t e
equ iva len t wel lbore diameter.

the

Compute the downhole pressure from the
mass f l ow and wellhead pressure us ing
Equat ion 11.

I f de l i ve rab i 1 t y e f f e c t s are important
use the du ra t i on o f discharge and known
fo rmat ion pressure t o ca l cu l a t e the
d e l i v e r a b i l i t y index.

.

Use the w e l l geometry, f l u i d p roper t ies
and format ion d e l i v e r a b i l i t y t o produce
the w e l l ou tpu t curve us ing Equation 11
mod i f ied t o d e l i v e r a b i l i t y e f f e c t s
as requi red.

FIELD EXAMPLE

was discharged v e r t i c a l l y through a l i p
pressure p ipe f o r 5 hours on 2 June 1987. The
mass f l ow was est imated using the method o f
James (1970) a t 18.3 f o r a wellhead
pressure o f 0.78 and assumed
enthalpy o f 2750 The discharge
appeared t o be dry steam.

L im i t a t i ons due t o d e l i v e r a b i l i t y were
neglected as complet ion t e s t data ind ica ted
the we l l had exce l l en t permeabi l i ty and the
t o t a l heat output was s tab le dur ing
v e r t i c a l discharge.

P r o p e r t i e s

Well parameters are (F igure 1 ) :

208 m
375 m

produc t ion cas ing diameter---------0.199 m
s l o t t e d l i n e r diameter-------------0.150 m
assumed casing roughness---------- m
assumed l i n e r roughness----------- m

temperature---------------------2220
sa tu ra t i on pressure a t feed----2.41

Steam prope r t i e s are ca lcu la ted a t the

average f l ow ing pressure i n the we l l .

Pav 1.60 ...........
Zav 0.90

The s a t u r a t i o n temperature a t t h e wellhead i s
The average we l l temperature i s :

375 m

F i g 1: Notat ion and we l l p r o f i l e f o r

Equiva lent Diameter

Subs t i tu te i n Equation 17 f o r the equiva lent
we l l diameter:

De 0.1673 m

The mass f low ra te may now be ca lcu la ted from
Equation 11 .

= 18.8 ( c f measured 18.3

The accuracy o f the method i s confirmed f o r
t h i s we l l which had exce l l en t permeabi l i ty
and f o r which p roduc t i v i t y i s assumed t o be
i n f i n i t e . Well f low i s r e s t r i c t e d only by
wel lbore diameter.

Output Curve Pred ic t ion

The output curve f o r i s best  pred ic ted 
by s i m p l i f y i n g Equation 11 f o r the s p e c i f i c

1 condi t ions.

Subs t i t u t i ng appropriate parameters gives:

...............
The output curve i s shown i n Figure 2

SIMULATOR

The s e n s i t i v i t y o f the r e s u l t s was checked
using a s i ng l e phase homogeneous wel lbore
s imulator . The resu l t s (F igure conf i rm the
accuracy o f the s i m p l i f i e d method.
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NOTATION

= constant
D = i n s i d e diameter
e = wel lbore roughness

= f r i c t i o n fac to r
= molecular weight
= w e l l depth
= f l ow ing bottomhole pressure
= f l ow ing wellhead pressure
= temperature
= mass f low ra te
= gas law dev ia t ion f a c t o r
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F i g 2: Comparison o f output curve p red i c t i on us ing
" S imp l i f i ed " method and the homogeneous wel lbore
s imulator .
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