Part 7

(Conclusion)

Wells Not in Thermal
Equilibrium
C. Cementing Problems

CEMENT generates considerable
heat while setting. Its position behind
casing can therefore be determined by
making temperature measurements in
the mud column at the proper time.
Figure 7-1 is an example from a well of
Tepetate, La. The top of the cement
is shown by a temperature increase
from 10 to 20 degrees below 7200 feet.
The magnitude of the temperature

anomaly measured at a given point of
the mud column is a function of the
following factors:

time

quantity of cement

nature of cement

bottom-hole pressure and tempera-

ture
size of casing
conditioning of well.

Influence of Time

The relatively high bottom-hole pres-

sures exising in rotary holes accelerate
the setting of the cement. Setting
usually starts within a very short time
(one to three hours, according to condi-
tions) after the cement job is finished,
and it is virtually completed a few hours
later (perhaps five to 12 hours).

Referring to Figure 7-2, Z represents
tentatively the time-temperature chart
at one point of the cement after pump-
ing stopped. Let T, To and Tr represent
the cement temperature at any time t,
the initial cement temperature (time
t =0) and the formation temperature,
respectively. Until setting starts, T is
approximately given by the following
relation (see Part 5 of this series):

2t
T=Ty— (Tr— To)e~ {

d being the hole diameter. This gives
arc AB of the graph,

When setting starts, the cement tem-
perature increases steadily and may be-
come higher than the formation tem-
perature (arc BC). The maximum tem-
perature Tux occurs perhaps at time tu,
shortly before setting is virtually com-
pleted. After that time less heat is gen-
erated within the cement than is trans-
ferred to the mud and formation, and
the cement temperature gradually de-
creases until it reaches the formation
temperature after several days (arc CD).

During ‘the setting process the mud
temperature T’ lags behind the cement
temperature, and it is represented by
arc ABC'D’ of curve Z' whose maxi-
mum T’y is less than Ty and occurs at
at time t'y greater than tm. After that
time, the mud temperature gradually
reaches the cement temperature, i.e., the
formation temperature.

Last of a serles of seven articles, which are
based upon research work sponsored by Halli-
burton Oil Well Cementing Company. Preced-
Ing Installments have been published in The
Oil Weekly of October 21 and 28, November 4
and 11, and December 2 and 9.
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\X/HILE setting, cement re-
leases a considerable amount of
heat. The resulting temperature
increase can be used for deter-
mining the exact position of the
cement behind a freshly ce-
mented pipe.

The foregoing discussion is evidently
oversimplified in that it neglects the in-
fluence of depth and the horizontal
temperature gradient within the cement.
Nevertheless, graph ABC'D’ is probably
qualitatively correct, at' least for the
sections of the holes where there is an
appreciable amount of cement, namely
where large caves existed.

In sections which did not cave, the
temperatures are less than shown by
graphs Z and Z' (less cement, therefore
the heat generated by setting is dissi-
pated faster), and the resulting graphs
are pérhaps as shown by Y and Y.
Y refers to the cement temperature and
Y’ to the mud temperature.

In practice, graphs Y’ and Z’ give the
limiting temperatures, and the actual
temperatures would be given by points
comprised between these two curves.
The position of these points is con-
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Figure 7-1, Potential graph and tempercture
graph in a freshly cemented well of Tepetate,
South Louisiona.

After Deussen & Guyod, Courtesy AAPG.

trolled primarily by the degree of for-
mation caving.

All the foregoing data should be used
only qualitatively since they are some-
what hypothetical.

Magnitude of Anomaly

Referring to Figure 7-3, E and F are
the time-temperature graphs which
would be obtained in the mud column if
the hole were not cemented. E refers to
sections which caved appreciably, while
F refers to sections which did not (see
Part 5 of this series). Graphs Z"and Y’
discussed in the preceding section have
been reproduced also on Figure 7-3 for
convenience,

At any time after cementing, the
temperature anomaly in a section which
caved appreciably is measured by the
vertical distance Ta between graphs Z’
and E, while the anomaly in a section.
which did not cavé equals T'a, distance
between Y’ and F. Average anomalies,
such as T”i are comprised between
these two values. . :

It is evident that if too much time
elapses before the temperature measure-
ments are taken (time t”, for example).
the anomaly is of the same order of mag-
nitude as those found where there is no
cement. A temperature log made under
such conditions will usually fail to indi-
cate by inspection the sections which
are cemented.

Quantity of Cement

If D¢ and Di represent the outside
diameter of the casing and the diameter
of the hole, respectively, the quantity of
cement at any point is’proportional to
(Do — D)% If D. equals seven inches
and if Dn varies from ten inches (bit
size) to 15 inches (maximum caving),
the volume of cement in certain sections
is seven times greater than in others.
However, the temperature anomalies
are not in the same ratio, Generally, Ta
is roughly twice as great as T'a. The log
of Figure 7-1 is typical in that respect.
If there is extreme caving in certain sec-
tions of the hole (abnormal shales) the
ratio may reach the value of 4. On the
other hand, if the hole is reasonably
uniform (little caving), the anomalies are
small (T’4) and the top of the cement is
usually difficult to pick on the log, even
if the measurements are taken early. In
such cases it is almost imperative to
have a caliper log or an electric log to
interpret the temperature data, as will
be explained later.

Miscellaneous Factors

Quick-setting cements give large tem-
perature anomalies faster than other
cements but these anomalies are of
shorter duration. With slow-setting ce-
ments, very large anomalies are still ob-
served as long as three days after the
cement job is done, while temperatures
of the same order are observed only
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within much shorter times with quick-

setting cements, all other factors being
approximately the same. Tentative time-
temperature graphs for slow-setting ce-
ments are given on Figure 7-4 which
shows that the temperature at points C
and C' is greater than for quick setting )
cement. This is due to the fact that the o 8 TR 20 -
temperature of the cement before setting " 307 TIME (HR)
(points' B and B’) was relatively hi%h. -
m}::t}&:- t(;:leiclffms:rtlttin{gt,segr ltsheacé:xa;(lli}: Figure 7-2. Hypothetical time-temperature graphs at a given level of o freshly cemented well -
tions (depth) are such that they slow {quick-setting cement).

.down (or accelerate) the process, is im-
material. In either case the temperature
anomalies are about,the same.

If the size of the casing is large, the
heat available from the cement has to Temp, . "
warm a relatively great volume of mud. ARGE CAVING
The resulting temperature increase is
less than in casing of smaller diameter. | T lo—m-wmw— s - : .

When mud or water is circulated in - — »
the hole—even for a very short time—
after cementation part of, or all, the
heat evolved by the cement is dissipated,
and temperature measuremernts made
subsequently may fail to exhibit sig- R
nificant anomalies. ' .

v NO CAVING R T T

~===~ CEMENT TEMPERATURE
MUD TEMPERATURE
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Picking Cement Top

In most instances the cement top can
be readily determined from a tempera-
ture log when the measurements are
taken at the proper time. For example,
in the casé illustrated on Figure 7-3, it Te
is obvious that from six to 24 hours
after the cement job the temperature o 70
anomalies will be large enough to per-
rgit ickix;‘gf the lt}op of the hcement frlom -
the log. ter that time the anomalies Figure 7-3. Graph f im .
may be 100 small to allow making this g ph for estimating temperature anomaly due to cement (partly hypothetical).
determination by inspection.

There are cases when the graph does
not exhibit any sharp break, even when
the measurements are taken at the
proper time. This happens, for example,
in certain wells having penetrated shales
which do not cave appreciably, and
more particularly when the diameter of
the casing is large with respect to the
size of the bit: the quantity of cement Te
behind the pipe is relatively small and
resulting temperature anomalies may be
of the same order of magnitude as those
which are found in wells not cemented
(see Part 5 of this series). Then, the
cement top cannot be picked with™cer-
tainty from the temperature graph.
Fortunately, if other records are avail-
able, the problem can usually be solved.
The most desirable record for doing so
is a caliper tog, and the information
which it supplies is used as follows:

It has been seen that in a relatively
deep hole (more than 2000 to 3000 feet) | T,
which is not cemented, the mud tem-
perature is less in formations which
cave than in those which do not. The
opposite condition is found in holes
which have been recently cemented.
Therefore, by comparing the tempera-
ture and caliper logs, it is usually possi-
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Figure 7-4. Hypothetical time-temperature graphs ot a given level of g freshly ‘cemel'ﬂed \ve‘ll
: (slow-setting cement).



ble to determine which sectious contain
cement. Referring, for example, to Fig-
ure 7-5, it can be seen that above 5800
feet the sections which caved are
slightly colder than the others while the
opposite holds true below 6000 feet.
Therefore, the top of the cement is
sitnated between 5800 and 6000 feet.

If no caliper log is available, good re-
sults are nevertheless obtained in most
cases by using an electric log and as-
suming that shales cave more than
sands. This assumption is usually cor-
rect except sometimes in very young
formations (above the Eocene).

By tipping the temperature log of
Figure 7-5 and sighting along the mean
line it can be observed that there is a
slight change of slope around 5980 feet.
This may be associated to decreasing
amounts of cement from 7000 to 5980
feet (some kind of tapered channelling).
However, there is no evidence that this
assumption is correct.

Tapered temperature logs are gen-
erally found in wells which have trav-
ersed formations caving only a little.
Where shales cave appreciably the ce-
ment top is usually sharply defined, and
the mean temperature line in cement is

approximately
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is dissipated and it is usually impossible
to locate the cement from the tempera-
ture graph, especially if Setting was fast
(deep holes).
Quality of Cement Job

A large increase of temperature in the
mud column usually indicates a large
volume of cement behind the pipe. The
temperature graph, however does not
indicate how this cement is segregated
It may be all around the casing or it
may be only on one side. In either case,
the temperature recorded will be sub-
stantially the same. In short, the tem-
perature log tells where there is cement
behind the casing, but it does not tell

Figure 7-5. Use of temperature log and caliper log for accurately picking

top of cement.

parallel to the whether the cement job is good or bad.
HOLE SIZE - mean line in the
5 10 15 150 200 . non-cemented Cement Penetration
section of the From the temperature logs available
hole (see Figure to the writer it seems that there is
7-1). little cement penetration, if any, in
S b permeable formations, except perhaps in
queeze Jobs  fracryred limestones for which no con-
After cement is clusive data could be obtained.
squeezed, it is .
usually necessary Conclusion
to wash the hole Temperature measurements for the
for a short time. location of cement should be made
If the washing is preferably from five hours to 24 hours
held to a mini- after cementation if the cement sets fast,
5000 mum (20 min- and somewhat later if setting is slow.
utes) little heat is No circulation should be made in the
.dissipated by the hole between cementing and tempera-
mud stream and ture logging. If it is imperative that the
it is possible to hole be washed, the circulation should
locate the cement be kept to a minimum; even so, the
behind the pipe temperature log may faxl to locate the
by temperature cement,
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Figure 7-6. Location of cement behind pipe ofter squeeze job.

After Teplitz & Hassebrok.



