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METHOD FOR DETERMINING
MINIMUM WAITING ON CEMENT TIME

R. Floyd Farris*

ABSTRACT

A method is presented for determining minimum waiting on cement
time which tekes into account the differences that exist between types
and brands of cements znd such individusl well conditions as devth,
temperature, and pressure.

The basis fo; the method wes determined by laboratory tests. Being
a laboratory develovment, several steps were required to prove its merit.
The first step consisted of laboratory tests designed to determine the
minimum cement strength requirements in wells. Basis was found for set-
ting a minimum value of 8 psi. tensile strength. Next, it was shown
by laboratory tests that the time to 8 psi. tensile strength mey be ex-
pressed as a function of consistometer stirring time to 100 "poises", the
approximste relation being "the time to 8 psi. teunsile strength equels the
time to 100 "boises" times three." Next, it wes shown that the time of
naximum temperature development in cement slurries, due to heat of hy-
dration, is slso relested to consistometer stirring time to 100 "poises"
but only by a factor of spproximetely two. It was shown also that the
shut-in casing pressure will build up efter cement is placed and register
a maximum pressure &t approximately the same time the slurry down the
hole sttains maximum temperature. From this and the above relationships,
the general rule was established that minimum weiting on cement time

{(time to 8 psi.) after casing cement jobs in any well is equal to the
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time when the shut-in casing pressure remches a maximum, a&s messured from
the initial mixing of cement, times a factor of 1.5. ,
Cement plugs drilled in the+«field at the time prescribed by this
formula were found to drill "firm to hard™, thus confirming the labormtory
tests.
These tests prove that many of the present weiting on cement time

regulations require longer time than.is absolutely necessary. Use of the

method herein proposed offers the possibility of a saving of $1200.00 per well.

INTRODUCTION

The length of time sllowed for cement to set after casing cement
jobs is determined either by State-wide rules, Field rules, or by self-
imposed rules written into drilling contracts. In generel, the time in any
coase is dictated by experience and common practice. However, owing to dif-
ferences in opinion and differences in experience of the various groups
involved, weiting on cement time practices often vary from one area to the
next. For example, an operator in an srea where no rules exist may drill
out of surface pipe at 24 to 36 hours, while another operator in another
areas may wait A8 hours or more to comply with State or Field rules, al-
though the depth of the well, hole size, type of cement, etc., are identical
in each case. One will find an even greater differencé in practices upon
maeking similar comparisons with reépect to oil string cement jobs. Dif-
ferences in waiting on cement time practices of 36 to 48 hours are common.

Further complicating the picture is the ratker common practice of
allowing more weiting time for cement to set at the greater deoths than
is allowed at the shallow depths. This practice has existed for years
in spite of the common knowledge/%ﬁ§£3fhe temperature of the earth at

the usual setting devths of surface casing is much less than that at the



depths &t which 0il stringe are set and thet increased temperature
greatly accelerates the rete of setting snd hardening of cement. *

The foregoing thoughts suggest leck of a fundasmental basis for
determining waiting on cement time.

The minimum strength cement must develop in a well before it will
gsecure pive in the hole, exclude undesirable well fluids, and withstand
the shock of drilling, and how long cement must stand before it attains
that minimum strength are questions often discussed but never completely
answered. The industry has operated to the present time without the
answers to these questions simply by allowing long weiting periods for
the cement to set. Thus, since experience teught that waiting periods
ranging from 36 to 72 hours would give satisfactory results, these
veriods have become standard practice in many areas; however, it is easy
to understand how a practice derived in this manner might include more
time then is sbsolutely necessary;

Experiments conducted in the Stanolind 0il and Gas Company Research
Laborgtory suggested thet cement in wells may set and gain adequate
strength in much less time than is normally ellowed for that purpose.
This finding led to the develoovment of & simple method for determining
the minimum waiting on cement time which will aoply to any well con-
dition. The purpose of this paper is to describe the laboratory and field

tests which contributed to the development of this method.

BASIS OF METHOD

The expression "weiting on cement time", hereinafter referred to
as WOC time, simply means waiting for the cement to set end gain a given

minimum strength. Thus, any logical system for determining WOC time must



be besed on minimum cement strengih reguirements in wells. Once this
has been established, the time to that strength can be reasonably
accurately determined.

To obtain informetion as to what strength cement should develop in
wells before it is drilled out, lsboratory tests were conducted where &
correlation was made between cement tensile strength and the bonding
strength of cement in en snnulus. The apparatus consisted of seven
pieces of 9-5/8in. 0.D. pipe five feet long into which was centered
similer lengths of 5-1/2 in, 0.C. pipe. Standard Portland cement slurry
weighing 15.6 1bs./gel. was poured into the annulus of each unit to a
height of four feet. Some of the same slurry was vlaced in briquette
molds for tensile strength tests; also, cement slurry wes placed in
Vicat molds for initial end finel set determinations. The cement wes
cured at atmospheric temverature, aporoximately 900 F. An end view of
the cement in the annulus between the two sizes of pipe is shown in
Figure 1.

The bonding strength of the cement in the annulus was determined
by measuring the force which must be aovplied tb the 5-1/2 in. pipe to
bresk the cement bond and move it with respect to the outside or 9-5/8 in.
pipe. The means of doing this is illustrated by the sketch, Figure 2.
Each time the bonding strength of cement in the annulus was tested, ob-
servations were mede of the corresponding cement strength and the progress

toward the initial and final set.



Table I presents a summary of the test results.

Force to Break

TABLE I

Cement Bond of 4 ft. Cement Tensile
Age, Hrs. Cement, Lb. Strength, psi. Remarks
L]

1.83 400 0 Soft cement slurry
2.33 550 0 " " "
3.08 1,300 0 Initial set
3.66 4,000 L est. - Cement stiffening repidly
L. 42 18, 200 8 est. Final set
5.50 20,000+ 12 Could not break bond
6.50 20,000+ 20 " " " "

The rate of increase in cement bonding strength is better demonstrated

when these deta sre plotted on a graph. Figure 3 shows that cement has an

enormous bonding strength at

its final set.

Table II shows the calculated load each foot of cement in an annulus

will support at various cement strengths, together with the length of various

vive of equivalent weight.

TABLE II
Force to Break Length of Pipe 1 Ft. of Cement
Cement 1 ft. Cement Cement Tensile will Supoort, Ft.

Age, Hrs. Bond, Lb. Strength, psi. 5-1/2"-17# 7"-24# 13-3/8n-72f#
1.83 100 0 5.8 4.1 1.3
2.33 137 0 8.0 5.7 1.9
3.08 325 0 (initial set) 19.1 13.5 L.5
3.66 1,000 l est. 58.8 41.6 13.8
Lo42 4,550 8 est. {final set) 267.5 189.6 63.1
5.50 5,000+ 12 - - -

6.50 5,000+ 20 - - -

Returning to the gquestion of how .much strength cement should develon

in & well before it is drilled out, one can reeson that it would not be

safe to drill out cement before it reeches the initial set, even though the



date in Teble II indicate that the slurry mey support the pine, because

it is not until after the initisl set that the slurry passes from the

fluid state into that of 2 solid. In fact, solidification of cement

may not be called complete until it has reached the final set. Therefore,
since drilling inside of casing before the cement on the outside resaches
its final set could possibly reslurrify gelled cement and cause it to
backflow around the shoe, it is quite obvious that cement should not be
drilled out before it reaches the final set, which corresponds to a tensile
strength of approximetely 8 psi.

Since it has been shown that cement should not be drilied out before
it attains a tensile strength of 8 psi., the next question is &s to whether
it would be safe to drill it out at a tensile strength of 8 psi. The
foregoing data strongly suggest that it would be safe to drill out cement
at that strength. At a strength of 8 psi., for exsmple, Table II indicates
that each foot of cement invthe annulus should support 267 ft. of 5-1/2 in.
0.D. 17-1b. pipe, and Figure 3 shows thet the rate of bonding strength
development is extremely rapid at that point and probably reaches even
greaster proportions shortly after that time. These considerations, to-
gether with the general feeling that "green" cement may be drilled with
less damage to the cement in the annulus, and in view of the fact that the
full weight of casing is apt to be set down on cement only in cases where
the casing is cemented to the surface, prompted the tentative conclusion
that the minimum cement strength requirement before drilling out the plgg

is approximately 8 psi.



PREDICTION OF CEMENT STRENGTH
DEVELOPMENT IN WELLS - FIRST METHOD

Having determined by laborstory tests what avpears to be the minimum
strength requirement of cement in wells, the next step is to develop a
method of determining when cement in wells will attazin that strength.
Cement slurry, whether in a well or in a lasborstory epparatus, will re-
main fluid for a time after the slurry_is formed, then it will stiffen,
set, and start to develop strength. Also, regardless of whether or not
the slurry is in a well or in & lsboratory espparatus, the fectors which
will largely govern the time reguired for it to stiffen to & given con-
sistency, reach a finsl set, or attain a given strength, will be water-
cement ratio, temperature, znd opressure. When well conditions or laboratory
conditions asre such ag to accelereste the stiffening time of cement to a
given consistency, the time to the initiel set will likewise be decreased.
Since both times are affected by the same’factors, it apnears that it
should be posaible to express one e&s & function of the other. If cement
stiffening time to & given consistency is related to the time of initial
set, 8 psi. tensile strength, and if lsboratory tests could be conducted
which would predict the actual time of stiffening of cement in wells, one
could predict with approximately the same accuracy the time when cement
in wells reaches the final set or a strength of 8 psi.

In 1941, Starolind Cil and Gas Company developed a method (1) of
testing cements where temperatures and pressures are varied to correspond
with the increasing temperatures and pressures imposed upon cement slurries
as they are pumped from surface to bottom hole conditions of wells of

various depths. The results obtained from these tests are called cement



stirring time tests to 100 "poises™ at simulated well depths. Field tests
have shown that this method of evaluating cements describes feasonably
accurately the actual performance of cement slurries in wells. Table III
is a tabulation of stirring time tests to 100 "poises™ at various
simulated well depths, the time to 8 psi. tensile strength (assumed to be

equivalent to the time of final set}), and the ratio of these times.

TABLE III
Stirring
Time to Time to 8 psi.

Type of Well Depth 100 ™poises™ Tensile Strength Time to 8 psi.
Cement Simulated, Feet Hours Hours Time to 100 "poises"
Standard 2000 3.5 54 1.5
Portland 4000 3.0 3.8 1.27

6000 2.5 2.9 1.16
Slow Set A 8000 L.C 8.5 2.12

10000 3.4 8.0 2.35

12000 3.0 7.9 2.63
Slow Set B 6000 3.7 10.6 2.86

8000 3.1 9.3 3.0

10000 2.5 7.5 3.0
Slow Set C 6000 4.0 10.1 2.52

8000 3.1 8.8 2.84

10000 2.6 7.8 3.00
Slow Set D 6000 3.7 6.5 1.75

8000 3.3 5.2 1.57

10000 Lol 5.4 1.23

Data under the column hesding "Time to 8 psi. Tensile Strength, Hours"
in Table III, were obfained from time-versus-strength data by extrapolation
from actual test points in the neighborhood of 20 to 30 psi. tensile strength.
For that reason, and also because the strength tests were made at atmos-
pheric pressure, the data under this heading do not exactly describe the

time to 8 psi. tensile strength in & well. The times are a little longer



then that which would be found in actual practice, and thus become an
added safety fector to the method herein proposed. But, in spite of the
fect thet the test datas in Table III are not perfectly revresentative,
the ratio of the time to # psi. strength to the time ﬂo 100 "poises™ is
surprisingly constant. The aversge ratio multiplied by the time to 100
"poises" would cuite asccuretely predict when cement in the average well
attains a2 strength of 8 psi. However, since it is desireble thet cement
in 211 wells, not just in the average well, reach a strength of & psi. be-
fore it is drilled out, the largest ratio, or three, must be used. In
generel, therefore, cement ir wells will ettain & tensile strength of at
least & psi., the minimum strength recuirement in wells, at a time corres-
vonding to three times the time required for the cement to reach a consis-
tency of 10C "poises™ at well ccnditions of temperature =nd pressure. Or,
for precticzl purnoses,
Yipinum WOC time = Tg pgi, = T100 mpoises" X 3
Where: Tg pgij, = time to 2 tensile strength of & psi.
Ty0C *poises™ x 2 = Well simulation stirring time tests
to consistency of 100 "poises"

It will be stown later thmt this method of predicting cement strength
development ir wells is asctually more accurate than one is inclined to be-
lieve &t this point. owever, since the method involves several assunptions,
thought wes turned to the develooment of a more simple, more accurate

method of determining strength development in wells.

PREDICTION OF CEMENT STRENGTH
DEVELOPMENT IN WELLS - SECOND METEGD

When water is adued to drv cement, chemical reactions occur which give

off hest. It is thig behavior of cement slurry that permits one to run a



recording temperature instrument into a well after a casing cement job and
locate the top of cement behind the pipe. It has been found that the
temperature of cement behind casiné mey remain higher than the tenpera-
ture of the adjacent formation for as long as 60 to 70 hours after pumping
the cement into the well. Field tests have shown also that temperature
surveys made at 24 hours or less after cement jobs show the tops of cement
more distinctly, suggesting that sometime after cement is placed in a well
the temperature increases to some maximum value above the surrounding
strata then slowly decreases to the normal temperature at that depth.
Laboratory tests were made to determine the time‘of maximum or pesk tempera-
ture of cement slurries at various pressures and temperatures in simulation
of various well depths.

An example of maximum temperature development in a standard portland
cement slurry at three simulated well depths is shown in Figure 4. It will
be observed that the greater the depth the quicker the cement reaches the
maximum temperature. Viewing this behavior brings to mind the fact that
the greater the depth the quicker cement stiffens and sets. That thought,
in turn, suggests that the time to maximum;temperature development in a
well may be related to stirring time to 100 "poises". A number of tests were
made on standard portland and slow set cements to throw some light on this
subject.

A plot of the stirring time of various cements at various conditions
of temperature and pressure, corresponding to wells of various depths,
versus the time to the peak or maximum temperature development, Figure 5,

suggests that these factors may be reasonably closely related to each other.
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In other words, knowing the stirring time to 100 "poises", one can
multiply that time by a factor (K) which is more than one but less

than two and predict the approximate time when cement in wells will
reach the peak temperature. ZFigure 5 indicates that the average K fac-
tor is somewhere between 1.5 and 2.0.

Field tests were then made to determine when cements in wells
actually reach peask temperature and to determine how it is related to
laboratory tests of stirring time to 100 "poises™. The first test was
run in a well in North Cowden Field, Ector County, Texas where 5-1/2 in.
0.D. casing was set at 4624 ft. and cemented with 125 sacks of a standard
portland cement. Immediately after pumping the cement dawn, a recording
temperature element was lowered into the casing to a point well below
the estimated top of the cement and was left at that point for approxi-
mately 24 hours. The temperature recorded during this time is plotted
on Figure 6. The ratio of the time to the peak temperature in this well
to the stirring time to 100 "poises™, as determined by a laboratory well
simulation test on the same cement, is 2.2, or slightly higher than the
K factor indicated by previous laboratory tests.

Since the maximum temperature recorded in this well was so very much
greater than the normal static formation temperature, approximately 94° F.,
at that depth, éhe thought occurred that perhaps if the casing being
cemented is closed in after the cement is pumped down, expansion of the
fluid in the casing should cause an increase in the shut-in casing pressure
which would reach a maximum at approximately the same time the cement down the
hole reaches its maximum temperature. This thought was investigated in

the next field test.



In the next field tests, the test procedure uffd on the previous
well was followed, except hourly readings Qf the shut-in casing pressure
were taken. This well was located in Tri-Cities Field, Texas where
5-1/2 in. 0.D. casing was set at 7681 ft. and cemented with 600 sacks
of a slow set cement. Figure 7 shows the results of these tests. It
will be observed that the pressur; built up with temperature to approxi-
mhtely the peak, but unfortunately, the pressure on the casing was lost,
bled off, at that time. Ratio of the time to pesk temperature to the
time to 100 "poises™ was found to be 2.6.

Another test was run in Tri-Cities Field to obtain a record of the
pressure build-up on the casing since readings were not taken to the maxi-
mum pressure on the previous well; In this test, 5-1/2 in. 0.D. casing

was set at 7612 ft. and was cemented with the same type and amount of

cement. The results, shown on Figure 8, confirmed the thought that pressure

on the casing after placing cement, reflects heat of hydration of cement
in a well. The ratio of time to peak pressure to stirring time to 100
n"poises™ was 2.82 in this case. Why the peak temperature occurred in one
well at 9 hours and 28 minutes and the peak pressure occurred at 12 hours
and 16 minutes in snother well of approximately the same depth is under-
standable after one considers the fact that the cement showed different
setting time characteristics, although the same brand was used in both
cases. Also another possible difference between these wells is the fact
that the latter well was cemented during a2 season of the year when the
atmospheric temperature was probably less than that at the time of cement-
ing the first well. It is & well known fact that mud pit temperatures are
affected by atmospheric temperature which, in turn, affect the bottom hole

temperatures and therefore, the setting time of cement placed therein.

12.



A pressure build-up test was made on a well in West Edmond Field,
Oklahoma where 7-inch 0.D. casing was set at 7028 ft. and cemented with
700 sacks of a special experimental oil well cement. Figure 9 shows that
the ratio of peak pressure to 100 "poises™ was 2.4.

Surface pipe, 10-3// in., was set at 649 ft. in & well in Sour Lake
Field, Texas and cemented to the surface with 500 sacks of a standard
portland cement. Figure 10 shows that the ratio of peak pressure to 100
"poises" was 2.1. Pressure was bled down once to permit installation of a
recording pressure gage. Pressure was bled down at first to avoid sub-
sequent high pressure on the casing. When the peak pressure was reached,
a transit was set up some distance from the well and trained to a mark
on the pipe to observe any settling of the pipe when the strain was re-
leased. The weight of the pipe was set down on the cement, but no move-
ment was observed.

Earlier in the discussion it was shown by laboratory tests, that the
ratio of the time to maximum temperature development in cement to the
stirring time to 100 "poises™ is equal to a factor (K) slightly less than
2 but more than 1.5. All field tests show that the ratio is slightly more
than 2 but less than 3. Since the difference between laboratory tests
and field tests is small, one might strike a compromise with the statement
or conclusion that cements in wells reach peak or maximum temperatures at
a time corresponding to approximately egual to twice the time required for
the cement to attain a consistency of 100 "poises"™, under the particular
laboratory consistometer test conditions used in this case. This relation-
ship, along with others pointed to throughout the discussion, may be written

as equations as follows:



laboratory predictions hold true in field practice is quite another
matter. Field tests were made to check the correctness of these hy-
potheses.

' FIELD TESTS

If the trendé indicated by laboratory tests are fundamentally correct,
fhe equation fo; predicting mihimum WOC. time will apply to all portland
type cements in any well at any depth. Therefore, exceptions to Field
rules were obtained wheré necessary to permit drilling out of cement as
early as might be required to check laboratory tests. Wells were selected
in various areas and at various stages of drilling in order to obtain
data on jobs at various depths and with different types and brands of ce-
ments. Egch job differed from normal practice only in the time of drilling
out of the plug. PField men were instructed toitake_hourly readings of the
shut-in casing pressure until it reached a maximum, release pressure at
that point, run the bit into the hole, and to start drilling the plug at a
time equal to the time to the maximum pressure iimes 1.5. Incidentally,
field men were advised to bleed off the pressure at intervals if it reached
dengerous proportions. The criterion is not necessarily the magnitude of
the pressure, but, rather, is the point when the fluids inside the casing
stop expanding as a result of an increase in temperature.

Table IV presents a summary of eight field tests where attempts were
made to drill out cement-at the minimum WOC time indicated by laboratory
tests;

DISCUSSION
The field tests summarized in Table IV show by the drilling rates

thet the cement in each well had passed the final set, and therefore



T4 psi. = Thin. wec (1)
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T, ... = Tiie from wixing cement to a tensile
- strength ol 3 psi.
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130 "poisest = Cerment well sizulstion stirring time
test to 100 "poises' (Pressure
consistoueter; Stanolind test procedure)

Ty mamy = Time to meximws temperature development
SX. LERD. 10 cement.
T - e = Tize 1¢ naxlmum shut-in pressure
LAX. CS¢g. DleLG. -
oL casing.
Bsuation 5, whicn cxpresses the second method Tor predicting cement

strengtn Zovelopaeny in wells, siviply rcuns that all one has to do to
determine the mininum WOC tire in any well is read the shut-in casing
pressure after landing the Cemeﬁt until it reaches a maximum, then multiply
the time to that point, as measured from the time of wmixing the first
sack of cement, by & factor of 1.5. This method is much simpler than the first
method and is much more accurste as it will reflect differences in well
conditions and difierences in cement behavior.

The roregoing e uations describe releationships which laboratery tests
indicate to ©e true, or approximately true, in wells with respeet to

mininum scrang%h recuirencnts and winisuwn WOC times, Whether or not the

LLEGIBLE




had gttained a tensile strength of at least 8 psi. as predicted by labora-
tory tests. It is also interesting to note the reasonably close agreement
between the time to maximum pressure on the casing and laboratory stirring
time to 100 "poises™ x 2. These data show that cement tests can be made

in the laboratory which will predict the approximaste stiffening time of
cement in wells. In three field tests unforeseen events delayed drilling
of the plug to a time which approached the usual drilling out time and

thus rendered those tests practically useless insofar as the subject experi-
ment was concerned. The only information of significance obtained from
those tests was that no slurry backflowed into the casing when the pressure
was released. Many believe that releasing the pressure after it reaches
the maximum is a more critical test than the test of drilling the shoe.
They reason that if the cement is soft it will back up into the casing
when pressure 1is feleased, especially if the common type of float equip-
ment is not used as was the case in two of the wells tested. .

‘ The writer is of the opinion that the tests conducted on the surface
pipe cement job at Sour Lake were more severe than those at any other lo-
cetion. The cement was apt t6 have been much more "green" when it was
drilled than at any other test location, owing to the low curing (formation)
temperature and pressure. Immediately after releasing the pressure, which,
as stated before, may be a critical test of whether or not the cement has
set, the master valve and blow-out preventer for 10-3/4 inch casing were
set down on the casing. The cement not only supported the full weight of
the casing at that point but held the véry large weight of thet equipment.

Then after drilling the wooden plug and float collar and four or five feet

of cement, the driller stopped rotation and set all the weight of the drill
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pipe, kelley, and swivel (8 points) down on the cement, then increased
the pump speed to a rélatively high rate to see if the cement could be
washed out. The weight indicator had picked up no weight after circulating

six minutes. The driller termed the cement as drilling "firm to hard.®

The cement in all the tests where the plug was drilled reasonably soon

after the specified time drilled firm to hard inside the pipe and geve no
evidence of backflow into the casing efter the shoe was drilled.‘ Also,

in no case was the cement sufficiently soft to be circulated out.

These data indicate that basing WOC time on the time to maximum casing

pressure times a factor is fundementally sound and applicable to field
practice. It would appear that such a system as this would be paiticularly
L//attractive as & basis for State or Field rules since the time to maximum
shut-in casing pressure reflects individual conditions of the well as they
affect the particular type of cement used in that well. The multiplier
1.5 merely sets the time back: to allow a minimum strength to be developed.
Unless further field experience proves that the multiplier 1.5 is too low,
there is little reason for suggesting that a walting period longer than
that prescribed by the formula should be used. These tests indicete that
few will be the cases where rig operations will permit cement to be drilled

out at the minimum time. This suggests that the phrase "waiiing on cement

time" should be deleted from our vocabulary since it has been found that the

cement usually waits on the drilling crew.
Much must be done before full advantaege can be taken of the indicated

savings in time. Aside from the fact that certain regulations will have to

be modified, certain of the routine of rigging up and handling of rig opera-

tions may have to be shifted. For exesmple, much of the rigging up or repair

18.



around a rig which now is deferred until WOC time may be handled by
extra roustabout help or may be done by the rig crew during slack time
while drilling. Also, much time is now spent in changing rams on blow-
out preventers and in the installation of the master valve and the blow-
out preventer after setting surfacg bipe. If this equipment were made up
in & shop ready to be flanged onto the surface pipe, it appears that it
could be installed as a unit with a great deal more efficiency.

As an example of the saving which might be effected by reducing
WOC time, the over-all average WOC time on Stanolind 0il and Gas Company
properties is approximately 51 hours per casing cement job. This figure
is lower than might be expected because it includes practices in areas
where no regulations exist. The over-all average WOC time indicated by
the method proposed in this paper is estimated to be approximately 15
hours per casing cement job. This suggests a saving of 36 hours per job.
However, p£actical considerations teach that few would be the cases where the
crew would be able toc start drilling on the plug that early. It has been
estimated that, at least until the present rig routine is appropriately
modified, the plug cannot easily be drilled out before an average time of
approximately 21 hours after cementing casing. Therefore, it appears
that an average of 30 hours per cement job might be saved without much
difficulty.

Translating rig time into dollars at $20.00/hr., an average of
$#600.00 per casing cement job or at least $1200.00 per well, assuming
two cement jobs per well, should be saved. Realizing that over 24,000 wells
were drilled in the United States during 1944, one can appreciste how re-

ducing WOC time might benefit the industry.



-
V/EQMMARY

It has been shown that the minimum waiting on cement time in wells
can be reasonably accurately predicted by laboratory well simulation tests,
but can be more simply determined by observing the shut-in pressure on the
casing to a maximum value then multiplying the time from initial mixing
to the time maximum pressure is reached by a factor of 1.5. Field tests
show that the cement has ample strength to support the pipe end withstand
the shock of drilling at that time.

A great deal of waiting on cement time may be eliminated if regu-
lations are relaxed and if rigging up and drilling routine is adjusted to
fit in with minimum cement waiting time requirements.
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Figure 1

End view of 5-1/2 in. 0.D. casing inside
9-5/8 in. 0.D. casing showing cement in
the annulus. ’
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TO ALL OPZRATORS

PLDASE T IMD ATTACHED COIZiISSION ORDERS # 698 & 699

GLENN STALEY

T

LEL CCUNTY COPERATORS COErITTET
s, WP IEXICO



RE THE OIL CONSERVATION COMMI ON
op THE STATE NF NEW KEXICO

IN TEE MATTER CF THH EBARING CALLED BY
ThE CIL COJSERVATION CCLISSION OF THE
STATE OF +EW ¥EXICO FOR THE PURPOSE OF
CONSIDERIHNG ¢
CASE HO. SC

ORTER NO. 698
THE AFPLICATICH OF STANOLIXD CIL
AID GAS COWPANY FCR MODIFICATION OF
THE RULES ARD REGULATIONS OF THE
CCLMISSICN WITH RESPECT TO THE PERIODS
FRESCRIBED FOR WAITING ON CRMENT IN
COMKECTION WITH THE CEMENTING OF
CASIIG.
CRDER OF TEE COMMISSION

BY THE COLMISSION:

This cause came on for hearing at ten o'clock A.M. January 1C, 1947 at Santa Fe,
New Mexico before the 0il Conservation Commission of New iexico, hereinaf®er referre:
tc as *the "Commission". :

NCW, on this 8 cay of April, 1947, the Commission having tefore it for con-
sideration the testimcny adduced at the hearing of seid case, and bteing fully advised
in the premises;

IT IS THERZFORE CRDZRED TiHals

SECTICN 1. That part of Order 52(Lea County Rules), captioned "Casing Tests for
all Fields" be ani the same is hereby amended to reac as follows:

Tha surfsce casing string shall be tested after drilling plug by beailing the
hole drye The heole shell remain dry for one hour to cconstitute satisfactory proof of
a water shut-off, The surface casing shall stand cemented for at least 24 hours be=
fere irilling pluge The conductor string of one to three joints need not be tested
e.fter cementinge.

The intermediate string shall stand cemented not less than 30 hours before test-
ing pipe &nrd cement. Tests cf pipe and cement shall consist of Eﬁilding up & pressur
of 1,000 pounds, closing valves, and allowing to stand 30 minuteses If the pressure
does not drop more then 100 pounds during thet period, the test shall be considered
satisfactorye This test shall be made both before and eftser drilling plug.

The productisn string shall stand cemented not less than 30 hours before testing
casing. This test shall be made by building up & pressure of 1,000 pounds, closing
valves, and allowing to stand 30 minutes. If the pressure does not drop more then
100 pourds during thet pericd, the test shall be considered satisfactory.

All cementing shall »e done by the pump and plug method, exoept that this
method shall be optisnal for a conductor of nne to three joints.

Beiling tests may be used on all casing end cement tests and drill stem tests
mey be ussd mn cement tests, in lieu of pressure tests. In making bailing tests, the
well shell bs bsiled dry end remain approximetely dry for 30 minutes.



If any string of casing fails while being tested by pressure or by bailing test,
herein required, it shall be recemented and retested, or an additional string ef
casing shall be run and cemented. If an additional string is used, the same tests
shall be made as outlined for the original string. In submitting Form C-101, "Notig
of Intention to Drill", the number of sacks of cement to be used en each string of
casing shell be stated,

Dene at Santa Fe, New Mexico as of the day and year hereinabove designated.
OIL CONSERVATION COMMISSION
THOMAS J. MABRY, CHAIRMAN
JOHN E., MILES, MEMBER

R. R. SPURRIER, SECRETARY

LEA COUNTY OPERATORS COMMITTEE
HOBBS, NEW MEXICO
April 14, 1947



KSERVATION COMMI O
E OF HEW MEXICO

P
v

a
H O

IN ThE WATTER OF THE HEEARING CALLED BY
ThE OIL CONSZRVATIOJ COuiiiISSIO: OF TiE
57aTs OF wEW L.zXICO FOR TEE PURPGSI CF
CCxSIDERING:
CaSs #0. 61

CRDER m0. 699
TFE LPPLICATION OF GULF OIL CORPORATION -
FCR TE PROMULGATIOCH OF il CRDER RuVIGIVG
RULE 18, GENER:L ORDER iQ. 4 MOIL T.MnS
«LD FIRE WaLLS",

CRDER OF TEE CQOMMISSICN
BY THE CO:.ISSIOK:

This csuse ceme on for hearing at ten o'clock al.ide January 10, 1947 et Senta Fe
new Mexico befor tre 0il Conservation Commissicn of New sexico, hereinafter referre
to &s the "Commission".

NQW, on this 8 day of a4pril, 1947, the Commission having before it for con-
gideration the testimcny edduced at the hearing of said case, and being fully
aedvised in the premiscs;

IT IS THEREFOEE ORDERED TH.T:

SECTION ls. Thet part of Order 4 of the Commission (General Rules), captioned
"Rule 18+ Cil Tonks end Fire Walls", be and the szms is hereby amended to read as
followss

0il shell not be storsd or retained in sarthen reservoirs, or in open receptac~-
less all leasc, stock end o0il storage tanks shall be protected by a proper fire
wall, which well shall form a rsservoir having & capscity one~third larger then the
cepacity of the e¢nclosed tank or tanks in the following cases:

Where eny such tenks are within the corporates limits of any city, town or
villege; or where such tanks are closer than H00 fest to any highway or inhabited
dwelling or clmsor than 1000 fget to any school or church; or where any such tanks
are so loceted as to be deemed an objcctionable hazard within the discretion of the
Comission, Such tenks shall not be crected, enclosed or mainteined closer than 150
feet to the nearest producing well.

Done et Santa Fe, dew liexico as of the day and year hersinebovs designated.

OIL CONSERVATION COMJISSION

THCMaS Je #aBRY, CHAIRMAN

JOHN E. MILES, MEMBER

R« Rs SPURRIER, SECRETARY
LEa COUMNTY OPERATCRS COMAITTEER

EOBBS, ¥ KEXICO
April 14, 1847
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