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Production logging may be defined as the 
use of any analytical technique which attempts 
to determine the subsurface flow path of a fluid. 
This definition of production logging could 
therefore include such analytical methods as 
stratification analysis, step rate tests, pressure 
analysis and through formation subsurface trac- 
ers. Production logging in this presentation will 
be limited to the tools and techniques used in 
determining the flow path of produced and in- 
jetted fluids within and in the vicinity of the 

components. One source of time delay is the 
response time of the sensing element; another 
is the response of the recorder. In temperature 
logging, the response time of the sensing ele- 
ment, the resistance wire, is the time required 
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well bore. 

The institution of secondary recovery pro- 
jects has increased the demand for production 
logging, as knowledge of fluid movement within 
the reservoir becomes essential in evaluating 
the success of these projects. The development 
of several types of tools and techniques has re- 
sulted in establishing definite advantages and 
disadvantages for each type of tool or technique. 
The well conditions and the time at which any 
survey is run in many cases determines the best 
type survey or combination of surveys to be 
used. An understanding of the tools, techniques 
and their limitations can assist in determining 
the best survey for your problems. 

TEMPERATURE DETECTION TOOLS 

One of the elarliest tools adapted to produc- 
tion logging was the temperature tool, Fig. 1, 
commonly used to determine the top of cement 
in new wells.* The temperature sensing element 
in this type of tool is a resistance wire or a semi- 
conductor which forms one leg of Wheatstone 
Bridge Circuit. Resistance changes resulting 
from temperature variations unbalance the 
bridge and the variations are recorded at the 
surface. 

All logging systems exhibit a characteristic 
known as time delay. The time delay in a given 
logging system is a function of the delays in all 
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for the element to come to the environment 
temperature. The response time of the recorder 
is the time required for the recorder pen or the 
light beam to travel the limits of the recording 
paper or film. Time delay factors impose limits 
on logging speed. 

Temperature log interpretation is based on 
controlling one or more variables at a ctnstant 
rate. One variable is heat transfer. A well in 
thermal equilibrium implies a constant produc- 
tion or injection rate. Injection rate controls h,>at 
transfer into the formation. Temperature logs 
are also useful in observing changes in heai 
transfer rates with changes in injection rates. A 
well in thermal equilibrium and no fluid move- 
ment will log the geothermal gradient, (Fig. 2). 
Figures 3 and 4 depict typical temperature logs 
on wells in thermal equilibrium, constant injec- 
tion rate.3 

Temperature surveys, when applied to pro- 
duction logging, pointed to a need for increased 
logging sensitivity to delineate small temperature 
changes. Increasing the sensitivity resulted in 
the temperature log crossing the logging paper 
several times while traversing the well bore, 
thereby confusing interpretation. Wide paper 
and diagonal paper logs were developed to im- 
prove the presentation. The AT or differential 
temperature tool, shown in Fig. 5-A, was devel- 
oped to log a straight line under normal gradient 
conditions while traversing the well bore, Fig. 
5-B. The logging sensitivity could therefore be 
increased to improve the presentation of the 
temperature anomalies. The AT tool consists of 
two resistance elements spaced a known distance 
vertically on the tool, and both elements included 
in the bridge circuit so that only changes in the 
difference’ temperature of the elements caused 
significant changes in the bridge circuit and de- 
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flection of the recorder. An inherent problem of 
the AT type tool is unequal influence of the tool 
and wire line temperature on the sensing ele- 
ments during the traverse of the well bore. The 
realization of this problem spawned several var- 
iations of the AT type tool. These variations 
(a priori) use a single sensing element and mem- 
ory circuits to compare a “memorized” value of 
a previous temperature with a current value and 
record a function of the difference. There should 
be no attempt to interpret any “AT” or “a priori” 
log without a temperature log for verification. 

Temperature tools and AT or “a priori” type 
tools can only log the temperature or change in 
temperature of the contacted fluids within the 
well bore. Temperature logging with static well 
conditions is useful in evaluating limits of in- 
jection, and in some cases may provide a basis 

for calculating approximate injection volumes 
into multiple zones.’ 

Temperature logging under dynamic produc- 
ing conditions requires a gas to expand into the 
well bore, causing a temperature reduction at the 
point of gas entry or liquid entry into the well 
bore, causing temperatures greater than the 
geothermal gradient to occur in the fluid column 
above the point of entry. A survey or a series 
of surveys in a field can be used to determine 
gas-oil contacts, gas-bearing strata, channeling 
behind casing, casing leaks or any temperature 
anomaly associated problems. 

A commonly used technique of temperature 
logging injection wells is to run the log at an 
arbitrarily selected period of time after stopping 
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injection. The interpretat,ion of the log is based 
on the premise that the degree of formation cool- 
ing is dependent upon the amount of cooling 
fluid that passes through the formation. Stopping 
the injection allows heat to be transferred to the 
well bore fluid column at a rate dependent on 
the temperature of the surrounding formation. 
Strata which have been cooled more than the 
surrounding formation are interpreted as the in- 
jection strata (Fig. 6). 

Multiple runs at increasing times are useful 
in determining the optimum waiting time for 
the conditions involved. Situations can occur 
where additional information may be detected 
from multiple runs, as shown in Fig. 7. 

There are several mechanical problems 
which must be recognized and minimized in tem- 
perature logging. Changes in hole size, cement 
sheath, casing seats, liner overlap, tubing and 
packers all tend to influence the rate of heat flow 
to the well bore; therefore an accurate diagram 
of the well mechanics is necessary for adequate 
evaluation of any temperature survey. There 
should be no change in fluid level, or any loss 
of fluid through a lubricator while running a 
static survey, otherwise the fluid temperatures 
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may shift and mask the log over the desired 
interpretive interval. Another factor which in - 
fluences temperature logging interpretation is 
the effect of stimulation treatments, particularly 
fracturing. Fractures usually extend in some 
horizontal direction beyond the limits of investi- 
gation of any production logging technique, lim- 
iting the accuracy of quantative interpretation 
in thick multizone formations. Temperature log- 
ging techniques are among the best methods 
available to evaluate the effective vertical extent 
of a fracture near the well bore.2 

Temperature logging has been applied to 

evaluation of stimulation treatments immediate- 

ly after the treatment is performed. More recent- 

ly, these techniques have been applied to the 

control of stimulation treatments while treating 
equipment -is on location. The cooling effect of 
fracture treatments and heating effect of acid 
reaction with formations indicate the zones 
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treated. This can be done within a sufficiently 
short period of time to make the process econom- 
icially feasible in applioable cases. Corrective ac- 
tion can then be immediately applied to obtain 
the desired end result. 

The expense of temperature surveys is us- 
ually lower than other production logging sur- 
veys, particularly when run in group projects. 
This fact gives temperature logging an economic 
advantage in making field studies and in period- 
ic maintenance of injection projects. 

MECHANICAL FLOWMETERS 

The first attempts to directly measure the 
movement of fluids within a well bore were 
based on mechanical movement of a propeller 
or spinner driving an impulse generator. The 
continuous flowmeter (Fig. 8) is useful in meas- 
uring relative fluid flow at high flow rates; at 

lower flow rates, inertia of the spinner and fluid 
bypassing reduce the accuracy of this tool. A tool 
was subsequently developed to reduce the effect 
of bypassling by adding an expandable steel- 
fingered conical fan-type device to force more of 
the fluid through the spinner section. Later de- 
velopments resulted in packer type flowmeters 
(Fig. 9). The balloon packers in these tools are 
capable of packing the tool to casing annulus 
and forcing all fluid through the spinner section. 
These tools are capable of measuring fluid flow 
in the well bore with accuracies of approximate- 
ly two per cent, as long as there is only a 
liquid phase flowing and no channeling occurs 
outside the casing. Free gas in the flow stream 
spin the measuring turbine faster than liquid 
flow rate; therefore in multiphase flow an addi- 
tional log is often needed to evaluate the fluid 
density in the flowing column. 
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Figure 10 is an example of a flowmeter sur- 

vey on a producing well with additional data 

supplied by densimeter and water cut meter.5 

The principle advantages of the packer flow- 
meter are its accuracy of measurement of liquid 
flowing in the well bore and its ability to meas- 
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ure low flow rates.4 The packer flowmeter has 
been used in open-hole completions; however, 
this application requires that the open hole be 
packed off with the flowmeter packer in a suf- 
ficient number of places to obtain a useable log. 
A method of evaluating this requirement is to 
run a caliper sure-ey to determine hole conditions 
prior to running a production log. 

The cost of a packer flowmeter survey is 
usually 150 to 250 per cent of the cost of a tem- 
peralture survey. 

RADIOACTIVE STJRVEYS AND TECHNIQUES 

Radioactivity is the process whereby certain 
elements or isotopes spontaneously emit particles 
and/or rays by disintegration of the nuclei of 
their atoms. Radioactive materials used in pro- 
duction logging are isotopes, and can be prepared 
in many forms, such as plastic particles, liquids, 
or a varnish baked on sand. 

Plastic particles are used in one technique 
to plate out on the formation face of injection 
wells. The amount of logged radiation is inter- 
preted as indicating the location of permeable 
zones and relative rate of injection into these 
zones. The method is useful in locating lost cir- 
culation zones in drilling wells. Wells with reser- 
voir conditions of vugular porosity, fractures, 
fracture treated wells, and open shot hole com- 
pletions are not applicable to quantitative inter- 
pretation of this survey. 

Radioactive sand is used to determine the 
limits of sand placement near the well bore in a 
fracture treatment. 

Radioactive isotopes in liquid form have the 
largest applic,ation to production logging. They 
may be prepared for water or oil solubility as 
the application requires. Radioactive iodine 
(I-131) with its half-life of eight days, compara- 
tively low cost and ready availability, is most 
often used. Table I is a listing of a few isotopes 
and their application parameters.6 

The presence of radioactivity is detectable 
with photographic film, electroscope, ion cham- 
bers, geiger tubes, scintillation cryst’al with photo 
multipliers, and bismuth dectectors, (Fig. 11). 
Three detectors are used in production logging, 
Geiger, scintillation and bismuth. The scintilla- 
tion detector has the largest capture range in the 
energy spectrum and high efficiency (Fig. 12). 
The bismuth detector has a slightly lower cap- 
ture range and efficiency, but has the advantage 
of working at higher temperatures than scintil- 
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lation photomultiplier equipment. The time con- logging consisted of injecting a dose of radio- 
stant of the bismuth detector is slower than active material into the injection well at the 
scintillation equipment, requiring a slower log- surface, waiting until the material reached the 
ging speed. top of the completion interval, making a series 

The original technique of radioactive tracer of logging runs over the completion interval with 
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a gamma-ray detector and observing the chang- 
ing radiation patterns. Dispersion and mixing of 
the radioactive material during its downhole 
traverse limited the succesful interpretation of 
the survey and prompted the development of 
methods to inject material downhole near the 
detector tools. These methods include breaking 
glass vials, direct injection with a plunger pump, 
striking an electric arc across a cob,alt button, 
and use of a dump bailer (Fig. 13). 

Improved logging techniques and analysis 
methods resulted from the ability to inject radio- 
active materials into the flowing stream near the 
radiation detectors. These techniques are based 
on timed logging runs, on tim’ing the velocity of 
a radioactive slug, and calculating volumes trav- 
eling in the well bore bsased on decreasing size of 
the leading slug. The last method is known as the 
Self method.7 Radioactive tracing tools have been 
improved by adding dual detectors and mechan- 
ically arranging the tool components so that any 
combination of detectors and injector may be 
made in the down-hole tool. Dual detector equip- 
ment improved the accuracy of fluid measure- 
ment with radioactive tracers by fixing the dis- 
tance between two detectors. Accurate timing of 
a radioactive slug between two identical detec- 
tors and knowledge of the hole size permits cal- 
culating flow rate. 

The ability of radioactive tracers to present 
indications of fluid movement beyond the pipe 
and into the formation is a definite advantage 
over mechanical flow meters. Indications of 
permeability can be detected with radioactive 
surveys (Fig. 14). 

One of the oldest radioactive methods of de- 
termining injection profiles is a patented process 
called Isoflow. This process required tubing to 
be set at the bottom of the hole and an open 
casing annulus. The injecltion stream was split 
at the surface with a proportioning valve, and 
fluid injected into the annulus was tagged with 
a radioactive tracer. By varying the injection 
percentage in the tubing and the casing annulus, 
the down hole interface could be determined 
between the injection water entering from the 
annulus, and the injection water entering 
Ithrough the tubing. A gamma-ray detector in 
the tubing would detect this interface, and an 
injection profile could be constructed by know- 
ing the proportional fluid rates into the annulus 
and tubing. 

FLUID IDENTIFICATION TEST 

Four different tools are available to deter- 
mine the type of fluid flowing in a multiphase 
system. These are the gamma absorption tool, 
‘the capacitance tool, oscillation frequency tool, 
and pressure gradient tool. The gamma absorp- 
tion tool consists of a gamma-ray source and a 
gamma-ray detector constructed in such a man- 
ner that the fluid flowing in the well bore 
passes through an isolated chamber between 
these components. The difference in gamma ab- 
sorption of the flowing fluids may be correlated 
to the density of the fluids (Fig. 15-A). 
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The capacitance tool consists of two elec- 
trodes which form a capacitive component in an 
electronic oscillator. The dielectric constant of 
the fluids flowing between the electrodes varies 
the capacitance and oscillator frequency. The fre- 
quency variation is measured and recorded as 
water cut percentage, when free gas is not flow- 
ing, three-phase fluid flow complicates interpre- 
tation since three unknowns are introduced. 

The oscillation frequency tool consists of a 
cylindrical vane which is placed in a flowing 
fluid stream. The density of the flowing fluids 
controls the natural oscillation frequency of the 
cylinder. This oscillating frequency can there- 
fore be used to determine the density of the 
flowing fluids. 

The pressure gradient tool is also used to 
determine the density of fluids flowing between 
two points (Fig. 15-B). The tool consists of two 
sensing bellows vertically spaced and operating 
against a measuring bellows. Variations in pres- 
sure gradient between the sensing bellows are 
mechanically coupled to a differential transform- 
er and recorded at the surface as a change in 
density. 

Combination tools are often used in evaluat- 
ing producing wells. It is essential to know the 
type of fluids flowing as well as the volumetric 
rates. The most generally used tools for this 
application are packer flow meter and one of the 
fluid identificaltion tools. Figure 10 is an example 
of a combination packer flow meter densimeter 
and capacitance water-cut meter survey. 

PRODUCTION LOGGING APPLICATIONS ’ 

The tools applicable to evaluation points of 

fluid entry or exit in a well such as packer leaks, 

holes in the casing or tubing, are in the temper- 

ature, flow meter, fluid density, gradient and 
tracer ejector tools. Tools capable of indicating 
channeling are the tracer ejector tool and tem- 
perature tool. Tools used to evaluate fracture 
treating and perforating are temperature and 
radioactive tools. Injection profiles can be de- 
termined with the tracer ejector, flow meter, and 
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temperature tools. Producltion profiles, including 
fluid identification, are determinable with tem- 
perature surveys, packer flow meter, fluid identi- 
fication tools, and tracer ejector. Each production 
logging tool has been developed to meet a spe- 
cific need. 
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