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TWO SHORT-TIME BUILDUP TEST ANALYSES FOR
SHELL' S GEYSERS WELL D-6, A YEAR APART

by M. J Economides and E. L Feh]berg
(Shell 011 Company, Houston, Texas)

ABSTRACT

, Pressure transient tests of Shel] 's geothermal Well D-6 were
conducted in the Summer of 1978 and again in early Summer of 1979. On
both occasions a pressure buildup test followed a short drawdown period.

- Analysis of the pressure data resulted in the calculation of the permeabi-

1ity-thickness product, the skin effect and the initial reservoir pressure.
This paper presents the analys1s that led to the calculation of these
reservoir parameters. There is reasonab]e agreement between the two tests
while observed changes were in the expected direction. The reduced data

'revealed a well that is with1n the norms of the Geysers area.

~INTRODUCTION

She11 spudded 1ts first geothermal we]l in the Geysers area,

‘Wel] A-1, on October 26, 1974. ' Although that well was a dry hole, a number

of producers have been completed since then. Testing of these wells points
to a prolific and wel]-behaving reservoir. Well D-6 is located roughly at

- the middle of Shell's activity. ~During drilling, graywacke was penetrated
-" at 3550 feet, below a melange unit.- A minor steam entry, probably wet, was
- - encountered at 3915 feet. The first major steam entry was at 4153 feet

{20,000 1b/hr). -~ Three additional steam entries were encountered between

. 6505 feet and 7130 feet. With'a TD of-8030 feet the well was tested at

104,500 1b/hr using a 8-3/4" orifice. Figure 1 represents a schematic dia-
ram of the well. In June, 1978, the well was tested at 132,000 1b/hr
8-3/4" orifice). Following a flow period of 9.75 hours the pressure

" buildup was- recorded for the next 2.75 hours. A similar. test was con-

ducted in May, 1979. This time the well produced-for ‘11 hours at
166,000 1b/hr using & 6" orifice. The subsequent pressure bu11dup
was recorded for. 5 hours. S ;‘W L

The data reduction utilized estab11shed techn1ques }he develop-
ment by Hornerl formed the basis of this analysis while Ramey's¢ anthology
and rationale permeated the thinking process. The ‘skin effect was calculated
via the Van Everdingen and Hurst3 method.

-91~




292- o

DISCUSSION - «

The first and foremost exercise in well test analysis is to graph the
pressure versus time data on log-log paper. - The subgect has been extensively .
treated by Ramey# and Agarwal, Al-Hussainy and Ramey The plots here are
strictly treated as a d1agnost1c tool.  Their utility is limited to the
identification of the start of a semi-log straight 1ine. A log-log plot
may pinpoint wellbore storage effects in the shape of an early time straight
line with a 450 slope. A feature of many geothermal reservoirs, large
fractures penetrating the wellbore, can be 1dent1f1ed by the presence of a *
straight 1ine with a slope of 1/2.

There are two empirical “"rules of thumb" that can be used for f1nd1ng
the start of the semi-log straight line. In the absence of a fracture, this
~ point is approxlmately 1.5 log cycles removed from the cessation of wellbore
-~ storage effects. In the presence of a fracture, one may use the "Double AP"
rule, which dictates that the start of the semi-log straight line is at a point
where the pressure difference is twice the AP at the deviation from the 1/2 slope.
It has been the experience of these writers, that in those cases that the data
seems to include both storage.and fracture, the start of the semi-log straight
line falls rough]y on the same point, irrespective of the criterion used. This
is significant since the same f1e1d data may be interpreted as 1/2 slope or +
transition.

»

Figures 2 and 3 represent log-log plots of the pressure buildup data
for Well D-6 in 1978 and 1979 respective]y._ .

Since the fluid is saturated steam, the difference of pressure squared
is plotted versus time. The start of the semi-log straight 1ine is clearly
marked. Both plots give strong evidence of a fracture with a pronounced half
slope straight line. :

The next step towards analyzing the test is the construction of the
Horner buildup graph. Figures 4 and 5 are the Horner.plots for 1978 and 1979,
. respectively. In both cases, following the straight line portion, one may.
observe that the remaining data are concave upwards -and on top of a projected
extension of the straight line. This is an indication of a negative skin
effect and lends credence to the interpretation that fractures penetrate

the well bore. .
The equat1on necessary to calculate the formatlon permeab111ty thick-
ness product (kh) is given by: o x
kh = 414.3 WeZT , ' .
m 1)

- where: W = Mass flow rate, 1b/hr : -
#= Fluid viscosity, cp _ , : K_j
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Gas deviation factor
Absolute temperature, OR
The slope of the Horner straight line, psiz/cyc1e.

S --AN
nonn

' Equation (1) was developed during th1s work to suit geothermal
steam wells.

A projection of the Horner straight line to infinite shut in time

- ((t +At)/ At = 1), provides the initial reservoir pressure P*. Ordinarily,

if other wells operate on the same reservoir or if the latter exhibited any
boundaries, the pressure obtained via the Horner method is an “average"
pressure. In the case of D-6, though, it can be safe]y assumed that P* is

»veny close to the initial reserv01r pressure.

F1na11y the skin effegt(s) can be calculated by:

S = 1.151 P1ir - Pt | k
. = - log [;————————] +3.23 (2)
: ’ ouc rw.
where: ¢ Format1on porosity

¢ = Total compressibility, ps1'1
ry = Well d1ameter. feet

The va]ue of PZ]h is read on the stra1ght 1ine or its extension
at a Horner time funct1on correspond1ng to a shut-in time of one hour

| Table 1 contains the values of the variables relevant to this

 analysis.
* TABLE 1 PRESSURE BUILDUP DATA FOR WELL D-6
CooosweoLo.  VALLE
. wQ@ws) 132000 1b/hr
, W (1979) | © 166000 1b/hr
Come 365 ft
- ¢h L . 350 ft (est1mate)
e e T ©. .0158 - .0172 cp .
e 0042 - .0023 psi-]
Z : . ; . 090 "0846
T ; 858 - 9220 R

Wellhead conditions - saturated

The results of the ca]cuTatiohs appear on Table 2.
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TABLE 2 RESERVOIR PARAMETERS FOR WELL D-6

kh P* | S

1978 6400 570 psia 1.9

1979 8800 © 540 psia -2.6

) Both the skin effect and the kh changes from 1978 to 1979 can be
attributed to the channelization and cleanup of passages and fractures.
~ This phenomenon appeared in all the geothermal wells that Shell tested with
a time 1ntervq1 of one year. As it appears from the results reported on
Table 2, D-6 is a well typical of the Geysers, prolific and predictable.
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LOG-LOG PLOT, PRESSURE BUILDUP
FOR WELL D-6(6-22-78)
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