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ABSTRACT 

This paper describes how to detect the number of different feed zones found in 
presence of more than one feed zone in the 
wells by using production output curves ,‘ 6L ,+J 

(It is presented as well)-a new method,& All sely marked as 
estimate the average =value of the fea shape of the 
formation parameters, such as the production output curves, so that, when 
permeability-thickness product, and the those curves are fitted by traditional 
fluid stagnation pr re and methods (least squares or another 
temperature, among others he equivalent technique), it is possible to 
location of the feed zones lose all this information. 

Both analysgs are based on the solutions For the sake of simplicity the steam or 
of fluid mechanics equations under steam-water mixture mass flow rates will 
steady-state conditions. Results from a be referred as total mass flow rates from 
mexican well are given and it is shown here to the end of this work. 
“that they agree reasonablg. well with 
those obtained from a pressure transient In general, it is expected for a well 
test carried out in the same well. The producing through a single feed zone, not 
theory is rather simple and gives good to have significant changes in specific 
results. enthalpy at any total mass flow rate or 

wellhead pressure. On the other hand, 
if more than one feed zone are producing 

INTRODUCTION during the total discharging period of 
a well, it is expected to notice 
significant changes in specific enthalpy 

e, 

F 

well design (number of different pipe 
diameters and their lengths): and 

-21- 



Curves 1 in both figures represent the 
production output curves assuming a 
single feed zone located in a point at 
1800m depth where the formation 
conductivity (kh,) is 5 E-13m3, and the 
thermodynamic state of the fluid under 
static conditions is defined by: P, = 
17.5 MPa; and h.,, = 1580.3 kJjkg, 
noticing that only pure-water is 
considered. 

The intersection of Curve 1 and Curve 2 
at a particular point describe the 
production output curves for two 
different feed zones. These behaviors 
were just obtained by superposing the 
effects of the additional feed zone onto 
the first one without taking into account 
internal flows or other effects. The 
second feed zone is located in a point 
1600m depth where the ormation 
conductivity (%) is 1 E-l2m'and the 
thermodynamic state of the fluid is 
defined by: Py2 = 12.6 MPa; and h2 = 
1515.5 kJ/kg. Considering the. facts 
mentioned above, the second feed zone 
starts to produce when the pressure at 

1600m is lower than 12.6 MPa. 

Part of Curves 1 and Curves 3 also 
describes the production output curves 
for two different feed zones however, for 
this case the thermodynamic state of the 
fluid was defined as: Py2 = 12.6 MPa; and 

In the same way than before, part of 
Curves 1 and 2 were jointed to Curve 4 
in order to obtain the behavior of three 
different feed zones. This last zone is 
located in a point 1400m depth where thq 
formation conductivity (kh.J is 2 E-12m 
and the thermodynamic state of the fluid 
is defined by: Pn = 10 MPa; and b3 = 
1287 kJ/kg. 

On the production output curves it is 
possible to notice featured trends which 
define the existence of different feed 
zones,however, there is an alternative 
way to cone irm these existences, that is, 
if it is constructed a pressure output 
curve based on wellhead production data 
and referred to bottom hole conditions 
(in general to the location of the 
deepest feed zone), the obtained curves 
given in Fig.3 show notable change in 
straight line slopes , which justify the 
existence of the feed zones. 

h.,2 = 2093.5 kJ/kg. 

I I 

The models used for the reservoir and for 
the well are described in the following 
section. 

MODELS 

Two different flow models are presented 
in this work, namely: a reservoir model 
to describe the flow of fluids inside the 
reservoir; and a wellbore model to 
simulate the flow of fluids through 
production pipes. 
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Reservoir Model 

The reservoir model presente I is 
developed for the case of steady-state 
liquid pure-water flow inside the 
reservoir, it is based on the solution 
of the diffusivity equation of a radial, 
isotropic and isothermal reservoir where 
Darcian flow is considered. 

The diffusivity equation which describes 
this flow is 

d2P/d2 + l/r dP/dr = 0 

the solution of this equation 
into account the inner and outer boundary 
conditions is 

considering practical reasons the 
following assumption is made: 

L”(r@yI = 2 r 
this fact implies tha 
which for normal well 
that re = 60m, so that 

m = kh(pE-Py,)/vlr (4 )  

The final equation which considers any 
thermodynamic state for pure-water is 

m = A + BPUF 

flow with a constant friction factor of . 
ables and correlations. 

The resulting wellbore simulator called 
SIMU89V.2 ( (1989)) is based on 
the followi iples 

Mass conservation . 

d(RAV)= 0 (11 

Momentum Conservation 

dP + (fRI?+2DMRgcose) dx/ 2D, + PVdV = 0 

Energy Conservation 

dh + VdV + gcosedx = 0 (3) 

(2) 

TEEORETICAL EXAblPLE 

Thi retical example is taken from 
the feed zones data reported in the 
introduction part of this work. These 
data are presented in Table 1. 

Tab1 aoretical Discharge Conditionr. 

vel 1 total Mass Wllhead Specific 
Pr.srws Flow Rate Enthalpy 
w.1 lkg/s1 [kJ/kgl 

ass 
0.17 
a.59 
a.41 
a .u  
a.w 
7 . a  
7.4a 
7.12 
6.72 
6.23 
4.96 
2.91 

4.24 1562.6 
6.36 1562.6 
a.47 1562.6 

10.59 1562.6 
12.71 1562.6 
14.83 q562.6 
17.70 1559.9 

29.30 1545.2 
35.22 1541.4 
43.08 1526.7 
57.13 1490.7 
71.90 1467.7 

23.47 is5o.a 

t k J / k ~ l  
1580.3 
1580.3 
1580.3 ’ 
1580.3 
1580.3 
1580.3 
1577.6 
1568.5 
1562.9 
1559.1 
1544.4 
1508.3 
1cm.2 
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2 .  Build the pressure output curve at 
bottom hole conditions (Fig. 3 ) ,  the 
number of straight lines developed give 
the number of feed zones acting, in this 
example three 'feed zones appear as 
mentioned above. 

The second step is to calculate the 
formationand fluidparameters as follows 

Stratum (1) 

1. The data of the straight line 1 which 
corresponds to the highest values of 
pressure have to be fitted by using least 
squares technique and obtain the 
coefficients A and B 

A=74.124 -4.235 R=-1.0 

2.  Using Equation ( 7 )  obtain the average 
stagnation pressure (Pyl) of Stratum 1 

pY15 74.124/4.235= 1 7 . 5  m a  

3. Noting that the specific enthalpy of 
the fluid at bottom hole conditions is 
invariant (1580.3 kJ/kg) and using the 
steam tables (Keenan et al. (1978))  and 
a viscosity correlation (Nagashima et 
al. (1974))  one has 

Tyl=340 C 
pyl= 7 .3939 E-11 ma-s 

vYl= 1.5961 E-03 m3/kg 

4 .  Now from Equation (6)  which is 
reduced for liquid phase to 

- 

A=(kh),p,1/(vP),, 

it is obtained 

(kh),, = (74.124) (1.5961Xl0-7J 
(7.3939X10'1') / 1 7 . 5  = 5x10' m 

it is noted that A has the units of kg/s. 

Stratum (2) 

1. It is necessary to refer straight 
line (2) to a depth of 1600m, and 
extrapolate straight line (1)  up to a 
pressure around 10 .7  MPa, after that, it 
is also necessary to refer the 
extrapolated data to a depth of 1600m. 

Table 3. lhe-ic State of the fluid at 16oQs depth (straight 
line 1 1 )  

Total Mats specific 
F l w  Rate Pressure laaperatwe EnthaLW 

IkWsl WaI IC1 IkJ/kgl 
17.70 12.51 328.0 1575.6 
23.47 12.08 325.3 1566.5 
29.30 11.65 322.5 1560.9 
35.22 11-22 319.7 1557.1 

Table 4. ThennodyMmic State of  the fluid at 16oaa depth (StraiPt 
line 2'1 
Total Mass spec1 f ic  

ckg/sl Wal tcl RJ/W 
Flou Rate Pressure Teaperetm EntheiW 

16.94 12.51 327.9 1518.3 
19-07 12.08 325.3 1578.5 

11.66 322.5 1178.3 21.18 
23.30 11.19 319.5 1518.3 

2 .  By substraction from straight line 
( 1 ' )  and straight line ( 2 ' )  obtain the 
total mass flow rates given by the second 
feed zone. 

3 .  Using least squares technique obtain 
the newer values of A and B 

R=-1. 0 ' A 4 0 8 . 7 0 4  El= 8 .631  

4 .  Using Equation (7)  obtain the average 
stagnation pressure Pa of Stratum 2 

Py2= 108.704/8.631= 1 2 . 6  MPa 

5 .  Calculate the specific enthalpy of 
the fluid as follows 

%h3 

h2=(17.7X1575.6-16.94X1578.3)/(17.7- 
1 6 . 9 4 ) =  1515.5  W/kg 

6 .  Now with the calculated pressure and 
enthalpy one gets from the steam tables 
the following 

Ty2= 328 .51  C vlt= 1.5506 E-03 m3/kg 
py2= 7 .6263 E-11 MPa-s 

7. From Equation (6)  one obtains 

(kh) y2 - 108.704Xl.  51O6X10'O3 

Stratum (3) 

1. It is necessary to refer straight 
line ( 3 )  to a depth of 1400m, and 
extrapolate straight line ( 2 ' )  up to a 
pressure around 9 . 5  MPa, after that, it 
is also necessary to refer the 
extrapolated data to a depth of 1400m. 

X7.6263X10- '/12.6= l X l O % ?  
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table 5. Themodynaaic State of the fluid at l4OCin depth (straight 
line 3') 

Total Mass Specific 
Flow Rate Pressw Tcaperature Enthalpy 

tkW1 We1 tcl tkJ/kgl 

43.08 9.91 310.4 1540.5 
57.13 9.44 308.9 1504.6 
71.90 9.00 303.4 1482.2 

Table 6. Thermodymmic State of the fluid at 1cOOm depth (straight 
llne 2") 

FIELD EXAMPLE 

The data of this example is taken from 
the works realized by Horne and S.Upton 
(1989) ana ScUpton and Horne (1989), in 
which they treat the interpretation of 
a pressure buildup test carried out in 
welJ A-17 from the Los Azufres Geothermal 
Field and they present some principles 
used in this work. 

total Has. specific 
F tar Rate Pressure Tcaperetwe Enthalpy The production test data reproduced in 

tkWsl WPaI tcl tkJ/kgl Table 7 show that this well produces only 
41.15 9.90 310.3 1552.6 steam with around 5 ' C  of superheated at 
47.16 9.42 306.7 1550.4 any wellhead pressure. 
53.25 8.90 302.6 1548.9 

Table 7. Proclrtion Test Data 

2. By substraction from st :Eu: y;ga;;iffc 
(3') and straight line (2" W a ]  [kp/e] IkJlksI 
total mass flow rate 
feed zone. 0.57 20.39 2767.4 

0.67 ' 19.44 2778.5 
0.97 19.14 2795.7 

the newest values of A and B 1 .a6 16.33 2818.9 
3.18 9.81 2828.2 

3. Using least squares technique obtain 1-33 18.19 2809.7 

A= 158.407 B= 15.834 R= -1.0 esign of this well is a blind 9 5/8" 
(IoD- 0*2224m) pipe from to 560m depth 
and a liner ( 1 - D .  0 . 1 5 7 ~  from 450 to 
622m depth. The slotted liner goes from 

4. Using Equation (7) obtain the average 
stagnation pressure ( P ~ )  of Stratum (3) 

561 to 622111 depth. P1,= 158.407/15.834= 10 MPa 
tion loses were presented 
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It is possible to observe from this 
figure that four points can be aligned 
to a straight line, meanwhile two points 
are quite separated of this line. This 
last implies the necessity of accounting 
on data of enough accuracy in order to 
determine correctly the reservoir 
parameters. 

Taking into account that the wellhead 
specific enthalpy of the fluid can not 
change as strongly as it is noticed in 
these data, the two points mentioned will 
not be considered. 

In this way, the calculated coefficients 
A and B are the following 

A = 39.201 B = -8.516 R =-0.999 

so that, 

Py = 4.6 MPa 

*+. and assuming that the fluid specific 
enthalpy at static reservoir conditions 
is 2834.2 kJ/kg, one has 

3. This method can be employed as a 
basis to repair wells with problems such 
as corrosion and scaling due to the 
production from several zones with 
different types of fluids. 

4. This method can be used in new wells 
to avoid the production of some 
particular strata. 

5. It seems to be possible to obtain 
more information on the reservoir than 
this presented here, by implementing 
other principles such as boundaries or 
others. 
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Ty = 268 C vy = 44.84 E-03 ms/kg REFERENCES 
p, = 1.8349 E-11 MPa-s 

and then 

MI = 7 E-12 m3 

COMPARISON OF RESULTS 

It is presented in Table 8 the results 
obtained by: Horne (1989), using a 
computerized method: S.Upton (1989), 
using a manual type curve match method: 
and using the new presented method. 

Table 8. Caaparism of Results 

H o r n  f.Uptm Yen 
(1989) (1989) Method 

w d~ 4 to 5E-12 2 . ~ ~ 4 2  E-12 
(kFnF)D 5.8 T 2 t o  5 T ----- 

53 .---- 
263 268 'F Tarpa [C] -....--- 

P r n .  MPa1 -------- 4.35 t o  4.66 4.6 

33 
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