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SUMMARY

A new approach to the analysis of spinnerdata is proposed, where the completeset of data (depth, tool velocity, frequency) is
regarded as a single set of observationsto be fitted to a model of fluid structure (depth,fluid velocity) and a model of tool
performance.This approach of treating the entiredata set on the same basis is considered to be better than previous methods and

more consistentmathematical practice. Multiple observationsat calibrationstations count in proportion to their number, but
repeat observationsat other depths contribute equally to the tool model or If measurementsonly at a fixed station are
considered, the approach is identical to standard calibration cross-plotting.

This analysis method generates fiom a set of measurements at different tool velocities, a single best estimate of fluid velocity
against depth. This can be subjectivelyinterpreted. Such interpretationsare free of tool bias. If multiple flow rates have been
used, a velocity profile is generated for each flow rate. Comparison between these velocity profiles can be used to generatea
model of well diameter and feed zone structure.

1. INTRODUCTION

Figure 1below shows a set of spinnerrunsduring injection
into an injection well at Ohaaki.

0

These profiles require little effort to interpret.The well,
which is vertical, has a single loss zone at Beneath it
there is static water in the wellbore. The small feature at the
bottom of the well is not significant.

Spinnerdata is usually more complicated, with
wellbore diameter and multiple feed zones.
Interpretation of spinnermeasurementshas usually taken one
of two routes:

extensivestations in the casing to calibrate the spinner,
followedby use of this calibration to computefluid
velocity from measured frequency
plotting of frequency against depth and the visual 
identificationof rapid or step changes in spin as loss
zones

Both techniques contain some element of subjectivity or bias,
in that data from different stations is weighted unequally. is
more desirable to analyse in a manner that treats all data of
equal weight, and which relies less on subjective
interpretation.

Figure Spinner in Ohaaki injection well.
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2.3 Crossplotting2. SPINNER DATA

Calibrationor crossplottinguses extensive measurementsat
different loggingvelocities to establishthe relationship
betweenvelocity and frequency. The measurementswill all
be done at the same depth, or over a region of known
constant diameter and velocity, such as the casing, to ensure
that variations in fluid velocity do not affect the results.

2.1 The data set

The measurements from a spinnerrunare a set of
observations, containingas a minimum

wellheadflowrate

plus at each depth:

depth
time
spin frequency A

E

In addition, there may be recorded:

tool velocity
pressure
temperature

Pi
a
0

.-

If tool velocity is not recorded it can be computed from depth
and time, but this may add noise to the record.
From the spinner data are extracted

fluid velocity

and possibly Figure 2. Crossplot of spinner data in Ohaaki well while
injecting

wellbore diameter

The crossplot on figure 2 at showsthat a spinner
of zero would be measured at zero logging

velocity, ie the wellbore fluid is static. At by contrast
zero frequency correspondsto a positive (downwards)
velocity, ie fluid is moving down the well. The conclusion is
that water is being lost between and

Despite technological advances, spinner data is characterised
by a high level of noise. This limits the ability to extract
significant information.

2.2 Tool performance

The frequency recorded by the spinner depends on the
velocity of fluid relative to the tool, and possibly also on
ambient conditions,particularly temperature.The
performance of the spinner may vary with temperature, such
as changing friction.

One analysis method is to take such crossplotsas the basis for
calibration of the tool, and then use the calibration to
compute fluid velocity in the rest of the well.

2.4 Profiles

As an alternativeto crossplotting,one can simply inspect the
spinnerprofile.

Ideally, the relationship is linear:

The results illustrated in Figure 3 below are fairly typical in

the amount of noise and the presence of some complications.
In this case, the spinner bearings were giving problems. The
noise is typical. Spinner data frequently requires smoothing
or averagingto reduce the noise. Nevertheless, with care one
can infer results from such measurements. Seefor example
Goranson and Combs, (1995).

=

where is the calibration constant of the spinner.

In deviated wells the tool will lie against the bottom side of

the well, and measure an unrepresentative flow, unless it is
centralised.
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Figure 4. Fluid velocityprofile in Ohaakiproduction well, while injecting Expected relative velocity about 0.3

Thisplot shows a clear interpretation. Fluid velocity declines
from positivevalues to zero around and does not

significantly from zero below The fluid loss
zone is identifiedas The errors are substantial,
indicating that there is no point in attemptinga finer
interpretation.

The error estimatesarevaluable, in giving a guide to what
can be obtained from the data.

4. APPLICATIONS

4.1 Practical problems.

In practice spinner measurements are subject to many
problems. Some data has been omitted from the analysis in
figure 4. Figure 5 shows what happens when it is added: The
additional data has been added over the interval
This data is clearly inconsistentwith all the other
measurements. The spinnerwas known to be giving
problems, so it is concluded that the results are false

.............................................................................................................................................................................................................................................

Depth

Figure 5. Fluid velocityprofile, when suspect spinner data added, showing systematic error
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. Inspectionof figure 2 showsthat run2U is recording zero
spin while the tool is ascending the lower segment of the
well, against the direction of flow (if any). Suchproblems are
common. They introduce an element of systematic error that
is not allowed for in the standard errors. Such systematic
error often exceeds the random noise in magnitude, as it did
in this case.

Figure 6 below shows an exampleof such inference. The
fluid velocity increasesover the interval
although taking account of the margin of error it couldbe
asserted that the profile does not differ significantly from
constant. Accepting that there is a consistent trend of
increasingvelocity with depth, the simplest explanation is
that the wellbore is gettingnarrower with depth.

4.2 diameter

Sometimeswellbore diameter is inferred from spinnerruns.
In fact they do not yield such information.The spinner
measures, in principle, fluid velocity and informationabout
wellbore diameter is availableonly by inference from this.

In principle, given two sets of velocity profiles at different
flow rates, it is possible between them to obtain an
unequivocal identificationof the zones of fluid loss or gain.
The remaining variation in fluid velocity can then be
attributed to variations in diameter.However in practice the
noise level is so great that this does not work.
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Figure 6. Fluid profile, showing effect wellbore diameter change

DISCUSSION

This approach to spinner interpretationhas several
advantages:

It contains crossplottingand calibrationas special cases
within the more general method
It interpretationby extracting from a large
amount of noisy data the desiredparameters
It is less subject to subjectivebias.

The simplification of the data is important. Given the large
volume and noisiness of spinner data, reducing it to a
velocity profile is helpful. Doing so in an objective
manner is even more helpful.

This method of analysis is simpler and more direct than

crossplottingor calibrating the spinner separately, and more

50

objective than visual analysis of the spin profile. It is thus
both mathematically better technique and operationally
easier.

In any analysis the spinner interpretationmust also be
constrained by temperatureand pressure logs when these
have been measured simultaneously.
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