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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 takes into account the differences that exist between types
and brands of cements snd such individusl well conditions as depth,
temperature, and vressure.

The bsasis foF the method wes determined by laborstory tests. Being
a laboratory develooment, 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 velue of 8 psi. tensile strength. Next, it was shown
by laboratory tests that the time to 8 psi. tensile strength may be ex-
pressed as a function of consistometer stirrirg time to 100 "noises™, the
approximate relation being "the time to 8 vsi. tensile strength equels the
time to 100 “boises" times three.™ Next, it wes shown that the time of
maximum temperature development in cement slurries, due to heat of hy-
dration, is also relsted tu consisioiicter atirring time to 10D "™noiges"
but only by a factor of apnroximately two. It was shown also thet the
shut-in casing pressure will build up after cement is placed and register
a maximum pressure &t aporoximately the sawme time the slurry down the
hole atteins maximum tempersture. From this snd the sbove relationships,
the general rule was established that minimum weiting on cewent time

(time tc 8 psi.) after casing cerment jobs in eny well iIs equel to the
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time when the shut-in casing pressure reaches a maximum, as measured from

the initisl mixing of cement, times a factor of 1.5.

Cement plugs drilled in the+field at the time prescribed by this
formule were found to drill "fimm to hard™, thus confirming the laborrtory
tests.

These tests prove that many of the present wsiting on cement time

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

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

INTROPUCTION

The length of time ellowed for cement to set sfter casing cement
jobs 18 determined either by State-wide rules, Field rules, or by self-
imposed rules written into drilling contracts. In genersl, the time in any
case is dictated by experience and common practice. However, owing to dif-
ferences in opinion and differences in experienee of the various groups
involved, waiving on cement time practices often vary from one ares to the
next. For example, an operator in an ares where no rules exist may drill
out of surface pipe at 24 to 3% hours, while another operstor in another
area may walt A8 hours or more to comply with State or Field rules, al-
though the depth of the well, hole size. tvpe of cement., etc., are identical
ineach case. One will find an even grester differencé in practices upon
meking similar comparisons with reénect to 0il string cement jobs. Dif-
ferences in waiting on cement time practices of 36 to L8 hours are comnon.

Further complicating the picture is the rather comaon practice of
allowing more weiting time for cement to set et the grester devths than
is ellowed a2t the shallow depths. Trie practice hns exigted for years
in spite of the corron knowledge/%ﬁ§f3£he teriperature of the earth at

the ususl setting devtns of surface casing is much less than that at the




depths st which oil strings are set and thet increased temperature
greatly accelerates the rate of setting and hardening of cement. *
The foregoing thoughts suggest lack of a fundamental basis for

determining waiting on cement time.

The minimum strength cement must develop in e well before it will

secure pive in the hole, exclude undesirable well fluids, and withstand
the shock of drilling, and how long cement must stand before it attains
thet minimum strength are questions often discussed but never comvletely
answered. The industry has operated to the present time without the
answers to these questions simply by ellowing long weiting periods for
the cement to set. Thus, since experience taught that waiting periods
ranging from 36 to 72 hours would give setisfactory results, these

veriods have became standard practice in many areas; however, it is easy

0 understand how » pre~tice dorived in this manner might include more
time than is sbsolutely necesssary.

Experiments conducted in the Stanolind 0il and Gas Company Research
Laborgtory suggested that cement in wells may set apd gain adequeate
strength in much less time than is normally sllowed for that purpose.

This finding led to the develooment of a simple method for determining
the minimum waiting on cement time which will aoply to sny well con-
dition. The purpose of this peper is to describe the laboratory snd field

tests which contributed to the development of ithis method.

BASIS OF METHOD

The expression "weiting on cement time", hereinafter referred to
as WOC time, sinply means weiting for the cement to set and gein a given

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




te besed on mipimum ceinent strength requirements 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, laboratory tests were conducted where &

correlation was made between cerment tensile strength and the bonding

strength of cement in an annulus. The apparatus consisted of seven
pieces of 9-5/8in. 0.D. pipe five feet long into which was centered

similar lengths of 5-1/2 in. 0.D. pive. Stendard 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 sare slurry was placed in briquette

molds for tensile strength tests; also, cement slurry wes placed in

Vieat melds for initisl and final set determinations. The cement wes
cured at atmospheric'temperature, aporoximately 90° F. An end view of
the cement in the amnulus between the two sizes of vipe is shown in
Figure 1.

The bonding strength of the cement in the annulus was determined
by measuring the force which iust te avplied tb the 5-1/2 in. vioe to
break the cement bond and move it with respect to the outside or 9-5/8 in.
pipe. The meens of doing this is illustrated by the sketch, Figure 2.

Fech time the bvonding strengtr of cement in the snrulus was tested, ob-

servetions were made of the corresponding cement strength and the orogress

toward the initial and finesl set.




Table I presents a summary of the test results.

TABLE I
Force to Break
Cenent Bond of 4 ft. Cement Tensile
Age, Hrs. Cement, Lb. Strength, psi. Remarks
[ ]

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

The rate of inerease in cement bonding strength is better demonstrated
when these deta are 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 annrulus
wthg, together with the length of various

vipe 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. 5-1/27-17§ 7n-24LF 13-3/8"-724
1.83 100 0 5.8 4.1 1.3
2.33 137 - 0 8.0 5.7 1.9
3.08 325 O (initial set) 19,1 13.5 4.5
3.66 1,000 4 est. 58,8 41.6 13.8
Lo42 4,550 & est (final set) 267.5 189.6 63.1
5.50 5,000+ 12 - - -

6.50 5,000+ 20 - - -

Returning to the question of now rauch strength cement should develon
in a well before it is drilled out, one cen reason that it would not bve

sale to drill out cerment before it rerches the initial set, even though the




date in Teble II indicate that the slurry mey support the pipe, becsause

it is pot until after the initial set that the slurry passes from the

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

may not be called complete until it hes reached the final set. Therefore,
since drilling inside of casing before the cement on the outside reaches
its final set could possibly reslurrify gelled cement and cause it to
backflow sround 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 avproximately 8 psi.

Since it has been shown that cement should not be drilled out before

it attains a tensile strength of 3 psi., the next question is as to whether

it would be safe to drill it out at a tensile strength of 8 psi. The

foregoing date strongly suggest that it would be safe to drill out cement

Teble IY indicates
thet each foot of cement 1nlthe enmulus should supvort 267 ft. of 5-1/2 in.
0.D. 17-1b. vipe, end Figure 73 shows thet the rate of bonding strength
development is extremely rapid at that point and probably reaches even
greater 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 ir the annulus, and in view of the fact thst the
full welight 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
thet the mintmum cement strength reauirement before drilling out the plgg

is apvroximately 8 vsi.




PREDICTION OF CEMENT STRENGTH
DEVELOPMENT IN WELLS ~ FIRST METHOD

Having determined by laborstorvy tests what avpears to be the minimum

strength requirement of cement in wells, the next step is to develop a
method of determining when cemert in wells will attain that otrength.
Cement slurry, whether in & well or in & laboratory apparatus, 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 spoaratus, the factors which
will largely govern the time required for it to stiffen to a given con-
sistency, reach a finsl set, or attsin a given strength, will be water-
cement reatio, temperature, znd pressure. When well conditions or laborstory
conditions are such as to accelerate the stiffening time of cement to a
€iVEn cousistency, the ibime Lo Tthe initiasl set will likewise be decreased.
Since both times are affected by the samerfactors, it apnears that it
should be possible to express one as a8 function of the other. If cement
stifi'ening time to & given consistency is related to the time of initial
set, 8 pnsi. tensile strength, and if laboratory tests could be conducted
which would predict the actunl time of stiffening of cement in wells, one
could predict with aporoximately the seme accuracy the time when cement
in wells reaches the final set or & strength of 8 ovsi.

In 1941, Stzrolind 0il 2and Gag Conpeny developed a method (1) of
testing cements where temperatures and pressures are varied to corresvond
with the increasing temperatures and oressures imposed upon cement slurries
ea they ore cumved Tvoro surfsce to bottom hole conditions of wells of

various denths, The re<olte obtained fror these tests are called cenent




atirring time tests to 100 "poises"™ at simulated well depths. Field tests
have shown that this method of evsluating cements describes feasonably
accurastely the actual performance of cement slurries in wells. Table III
is a tebulation of stirring time tests to 10O "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 rpoises" Tensile Strength Time to 8 psi.
Cement Simulsted, Fset Hours Hours Time to 100 "poises"®
Standard 2000 3.5 5.4 1.5
Portlend 4000 3.0 3.8 1.27
4000 2.5 2.9 1.16
Slow Set A 8000 4.0 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 Ll 5.4 1.23

Data under the colwnan heading "Time to 8 psi. Tensile Strength, Hours"
in Table 111, were obtained from time-versus-strength data by extrapolation
from actual test points in the neighborhoed of 20 to 30 psi. tensile strergth.
Yor that reason, and also becsuse the strengih tests were made at atmos-
pheric pressure, the dats under this heading do not exactly describe the

time to 8 psi. tensile strenzgth in e well. The times sre & little longer




than that which would be found in sctual practice, and thus become an

added safety factor to the method herein proposed. But, in spite of the
fect that the test data in Table III are not perfectly revresentative,
the retio of the time to 8§ psi. strength to the time to 100 "poises" is
surprisingly consiant. The aversge ratio multiplied by the time to 100
"poises™ would quite -~ccuretely precict when cement in the average well
attains a strength cf 8 psi. However, since it is desirsble that cement
in a1l wells, not just in the sverage well, reach a strength of 8 psi. be-
fore it is drilled out, the lergest ratio, or three, must be used. In
general, therefore, cement irn wells will ettain & tensile strength of at
least 8 psi., the minimum strength recuirement in wells, at a time corres-
ponding to three times the time required for the cement to reach s consis-
tency of 100 "poises™ st well corditions of temperature end pressure. Or,
for nractical purnoses,
fiinimum WOC time = Tg psi. T100 "poises” X 3
Where: Tg ygi, = time to o tensile strength of £ psi.
T10C "poises" x 2 = Well simulation stirring time tests
to consistency of 100 "poises™
It will be stown later that this riethod of predicting cement strength
development in wells is sctuslly nore fccurate tnan One 1 iuciined wu Le-
lieve #t this noint. ilowevey, since the wmethod involves several assunontions,
g \ thought wes turned to the develoonent of & more girvinle, ore accurete

method of deternining strenpgtn development in wells,

OF CrssillT STREMGTH

vOURLLS - BECOND WETUVOD

Whan wetor 1o ndiedt e dyy oeonent ) chenical veactions ocenr which grive

off heat., Tt ic thile behavior of cerent slurey that deweite one to run =




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 remsin higher then the tempera-
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 2/ hours or less after cement jobs show the tops of cement
moTre distinctly, suggesting thot sometime after cement is placed in a well
the temperature increases to some meximum value above the surrounding
strata then slowly decreases to the normel temperesture at that depth.
Laboratory tests were made to determine the time‘of maximum or peak tempera-
ture of cement slurries at various pressures and temperatures in simulation
of various well depths.

AL €Xample O1 maXimun LELpeTaturse develOoDmeit it & s
cement slurry at three simulated well depths is shown in Figure 4. It will
be observed that the greater the depth the guicker the cement reaches the
maximum tempevature. Viewing this behavior bdrings to mind the fact that
the greater the depth the quicker cement stiffens and sets. That thought,
in turn, suggests that the time to maximuﬁitemperature development in a
well may be related to stirring time to 100 "poises™. A number of tests were
made on standard portland and slow sect 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 peek or mexinws tanmperature development, Filgzure 5,

suzzests thel these factors may te reasonably closcly related to ezcn other.

(525




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. FPigure 5 indicates that the averasge K fac~
tor is somewhere between 1.5 and 2.0.

Field tests were then made to determine when cements in wells

actually reach peak temperature znd 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 waere 5-1/2 in.
0.D. casing was set at 4624 ft. and cemented with 12% sacks of a standard
portland cement. Immediately after pumping the cement d&wn, a recording
temperature element was lovwered into the casing to a point well below
the estimated top of the cement and was left at that point tor spproxi-
mately 24 hours. The temperature recorded during this time is plotted
on Figure 6. The ratio of the time to the pesk 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 tewpereture recorded in this well was so very much
greater than the normal static formation temperature, approximately 94° T.,
at that depth, fhe thougnt occurred that perheps if the casing being
cemented is closed in after the cement is pumped down, expansion of the
fluid in the casing should casuse an increase in tlie shut-in casing pressure
wihich would reach a maxirwn at approximately the same tire the cement down the
hole reaches its maximun temperature. This thought was investigated in

the next field test.




In the next {ield tests, the test procedure uffd on the previous
well was followed, except hourly readings of 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 pressuré built up with temperature to approxi-
mately ‘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-

pum 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 =mount 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 retio of time to peak pressure to stirring time to 100
"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 another viell of approximately the same depth is under-

standable after one considers the fact that the cement showed different
LT 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 & cseason of the year when the 1

atiospheric temperature was probably less than that at the time of cement-

ing the first well. It is a well xnown 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.




A pressure build-up test was wade on a well in West Edmond Field,

Oklahoma where 7-inch 0.D. casing wes 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, 10-3/4 in., was set at 649 ft. in a 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™ wae 2.1. Pressure was bled down once to permit installation of =
recording pressure gage. Pressure was bled down at Tirst 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 eny settling of the pipe when the straln was re-
leased. The weight of the pipe was set dovn 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 %o maximum temperature development in cement to the
sti?ring time to 100 "poises™ is equal to a Tactor (K) slightly less than
2 but more than 1.5. All field tests show that the ratio is slightly more
then 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 concliusion that cements in wells reach peak or maximum temperatures at
a time corresponding %o approximately equal to twice the time reguired for
the cement to sttain 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 wriiten

as equations as follows:
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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 leaboratory tests are fundamentelly correct,
tﬁe equation fo; predicting minimum WOC time will apply to all portland
type cements in any well at any depth. Therefore, exceptions to Field
rules were obtained whcré necessery 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
dats on jobs at various depths and with different types and brands of ce-
nents. _Lach job diffsrad from pormal practice only in the time o driiling
out of the plug. Field men were instructed to-take hourly resdings of the
shut-in casing pressure until it reached e maximum, release pressure at
that point, run the bit into the hole, and to stert drilling the plug at a
time equal to the time to the maximum pressure times 1.5. Incidentally,
Tield men were advised to bleed ofi the pressure at intervals if it reached
dangerous proportions. The criterion is not necessarily the magnitude of
ihe pressure, vub, ratober, is the point when the [luids luside ihe cusiug
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 ninimum WOC time indicated by laboratory
tests;

DISCUSSION
The field tests swamarized in Table IV snow bty the drilling rates

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




hed attained a tensile strength of at least 8 psi. as predicted by labora-
L J

tory tests. 1t is also interesting to note the reasonably close eagreement
between the time to maximum pressure on the casing and laboratory stirring
time to 100 "poises™ x 2. These date show that cement tests can be made

in the laboratory which will predict the approximate 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 practicelly useless insofar as the subject experi-
ment was concerned. The only information of significance obtsined 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 shos.

y rcason that if the cewent is soft il will Lack up into the casing
when pressure is éeleased, especially if the common type of float eguip-
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-
cation. The cement was apt t6 have been much more "green" when it was
drilled thar at any other test location, owing to the low curing {formation)
temperature and pressure. Inmediately after releasing the pressure, which,
as stated before, may be a critical test of whether or not the cenent 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 very large weight of that ecuipment.
Then alter drilling the wooden plug and flost c¢ollar end four or five fcet

of cement, the driller stopped rotation and set all the weight of the drill




TABLE IV

WOC FIELD TESTS

Time
Elapsed Time, Hrs., To to
Re- Max. Dril-
Max. lease Csg. ling
Csg. Stirring Time of Plug Press. Rate Wt.
Casing Cement Pres- 100 "poises" (sg. Drilled x 1.5, Min. Bit

Field Size In. Depth Ft. Type Sacks sure x 2 Press. at Hrs. Hrs. Ft. M#'s R.P.M.
Fullerton, Texas  7-5/8 3771 Common 2000 / 6.16 7.38  12.25  9.24 5 5 55
Fullerton, Texas 7-5/8 3805 " 1800  7.25 7.23 8.0 16.0 10.87 5 2 50
Fullerton, Texas  7-5/8 3785 " 1900  7.05 6.16 7.20 11.2  10.57 2.4 2 50
Fullerton, Texas  5-1/2 6765 Slow Set 350 [/ 8.0 7.07  26.2  12.0%* 2.0 3 50
Sitiner, Tunias g_112 3612 Common 15 / 8.5 ©.53 16.2 12.75* 3 3 50
V. Edmond, Okla. 7 7005 n 700 / 5.33 6.92 ¥ 8.0* - - -
Sour Lake, Tex. 10-3/4 64,7 n 500 ia.?? 14.0 14.77 2L.27 22.15 0.5 6 100
Riverside, Texas 5-1/2 6415 Slow Set 75 10.1%2 8.8 11.C ** 15.16 - - -
High Island, Texes 7 5704 " " 750 15.67 ll;lO 15.67 ** 23.5 - - -
Elk Basin, Wyoming 7 5300 Common 300 8.00 7.40 8.0 24.3 12.0 2.5 6 90

* T to 100 ""poises" x 3
** Not drilled early
/ Head leaked

LT




. - 18.

pipe, kelley, and swivel (8 points) down on the cement, then increased
the pump speed to a relatively 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 socon
after the specificd time drilled firm to hard inside the pipe and gave no
evidence of backfllow into the casing after 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 time." a factor is fundementally sound and applicable to field

practice. It would appear that such a system as this would be particulerly
L//attractive as a 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
v

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 %00 iow,

there is little reason for suggesting thet a welting period longer than
that prescribed by the formula should be used. These tests indicate 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 "waiting on cement
time" should be deleted from our vocabulary since it hus been found that the
cement usually welts on the drilling crew.

AT Much must be cdone before full advantage 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 end handling of rig upera-

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




around & rig which now is deferred until WOC time may be handled by

extra roustabout help or may be done by the rig c¢rew 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 velve and the blow-
out preventer after setting surface pipe. If this equipment were made up
in a shop ready to be flanged onto the surfece pipe, it appears that it
could be installed @s 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, pé&CLiCul cunsiderations tewch that few wouid be ihe cases where the
c¢rsw would be able to stext drilling on the plug that early. It has been
estimated that, at least until the present rig routine is appropriately
medified, the plug cannot easily be drilled out before an average time of
approximateiy 21 hours after cementing casing. Therefors, 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/ar., an average of
£600.00 ner casing cenent 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 appreciate how re-

ducing WOC time right benefit the industry.




v
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1t has been shown thet the minimum weiting on cement time in wells
can be reascnably 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 meximum pressure is rcached by a factor of 1.5. Fiasld tests

showr that the cement has ample strength to support the pipe and withstand

the shock of drilling at that time.

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

ACKNOWLEDGEFENT

The author wishes to express his appreciation to Stanoling 0il and
Gas Company for permission to prepare and publish this paper; to S. C.
Oliphant and D. D. Burrows for suggestions which encouraged the development
of this method; to J. B. Clark for helpful suggestions and criticisms; to
C. R. Fast for his assistance in conducting both the laboratory and field
tests; and to Stanolind 0il and Gas Company's Division and Field personnel
Tor arranging and conducting the field tests.
BIBLIOGRAPHY

1. K. Floyd rarris: #a pracsvical mvaluavion or gements 1or il wells"™,

Drilling and Production Practice, American Petroleum Institute,

liew York, 1941.
2. M. Healey and S. L. Pease: "Hardening Times for Casing Cementation",

Journal of the Institute of Petrolewn, Volume 28, 1942.
3. R. V. French: "Geotherwal Gradients in Czlifornia 9il Wells", Dril-

ling end Production Practice, A.P.I., Mew York, 1939.




Figure 1

S Fnd view of 5-1/2 in. 0.1 ¢
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the annulus,
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TO ALL OFZRATORS

PLEASE F IMD ATTACHED CCiTNISSION ORDERS # 698 & 699




FORE THZ OIL CCLSERVATION COWLil  ON
OF T STATL NF HNZW MEXICO

IN THE MATTER CF Ti{R HRARING CALLED BY
THE OIL CONSERVATION CCriISSION OF THE
STATE OF ukh MEXICO FOR THE PURPOSE OF
COWSIDERIIG s
CASE HO. SC

ORTER NO. 698
THE AFPLICATION OF STANOLIND CIL ""'
AiD GAS COMPANY FOR MODIFICATICH OF
TSE RULES AND REGULATIONS OF THE
COMMISSION WITH RESFECT TO THE FERIODS
FPRESCRIBED FOR WAITING ON CEUENT IN
CONECTION WITH THE CFMENTING OF
CASIiG.
CRDER OF THE COHLISSION

BY THE COMISSION:
This cause came on for hearing &t ten a'clock A.M. Januery 1C, 1947 at Santa Fe,

New Mexico before the 0il Conservation Commission of HNew ilexica, hereinaf#er referrec
te as the "Commission".

NOW, nn this 2 day of April, 1947, the Cermmission having tefore it for con-
sideration the testimcny edduced at the hearing of seid case, and being fully s2dyviged

in the premises;

IT IG THERSFCRE CRDERED Tdal:

SLAMTAN [ s En/T an M avimdos YA anntdamad Non il Tamdas Paw
LU 4 AN Ay i e #lA’J \-l t-(h‘ v sy \-IL\.A v \ A0 WVl \-IJ ALMJ.U\)I § \.uy LA X LON UQ\J.LJJ& 22U VU Ve
all Fielis" be anl the same hereby amended to reac as follows:

Tha surface casing string shall be tested after drilling plug ry bailing the
l.ola drys The hole shall rewain dry for one hour to constitute satisfactory proof of
a water shut-off, The surface casing shall stand cemented for at least 24 hours bde
fore 4rilling piugs The conductor string of one to three joints need not be tested
after cemsnting.

The intermsediate string shall stand cemented not less trhan 30 hours before test-
ing pipe and cement.e Tests of pipe and cement shall consist of building up a pressur
nf 1 f‘ﬂ’} I‘/\nrvn’;o’ AlAasina vraiwao, smA 6llawinse Fa ctanAd 2N rmiantac . T +ho nragoyra

1,000 younds, clesing valves, and ellowing to ciond 20 ninutec, T2 +the prassure

does noet drop more than 100 pounds during that geriea, the test shall be considered
satisfactorys This test shall be made both bsfore and aftsr drilling plug.

The preduectinsn string shall stand cementad not less than 30 hours bhefore testing
casing. This t2sb shall s made by ouilding up a prassurs of 1,000 pounds, clesing
valves, and allowing oo stand S0 minutsse If the pressure does noct drop nmore than
100 pourds during tnet pszricd, the tost shanll bte considersd satisfuctory.

All ecemeonting shnll be doens by ths pump erd plusg methed, excopt thoat this
method shull b opbional for & conductinr of ~na to tihree joinks,

mwey ne used on all cosing snd e sten tzsoa

X and arill
m2y te urot An mert tests, in liou of prassurs tssbhs,  In raking btalling tosts, the
well shell bo bulled dry sad roooin approaxinetsly dry fer 36 minmitss,




If any string of ocasing feils while being testsd by pressure or by bailing test;
herein required, it shall be recemented and retested, or an additional string ef
ocasing shall be run and ocemented. If an additiomal string is used, the same tests
shall be made as outlined for the original string. In submitting Form C-101, "Notie:
of Intention to Drill", the number of saoks of cement to be used on ewch string of
casing shell be stated,

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

R. Re SPURRIER, SECRETARY

LEA COUXTY OPERATORS CO(ITTER
HOBBS, NEW LEXICO
April 14, 1947




2CRE THiS OIL COLSERVATION COMII
OF TVF STaTk OF i .EXICO

IN THE LATTER OF THE HEARING CaLLiD BY
ThE QIL CONSZRVATION COuMISSIC: OF 1.5
5TaTi OF s%Ww [EXICO FOR THE FURPGS:Z X
CC.4SILERING
CadSs 16504 91

CRDER 0. €899

THE LPPLICATION OF GULF OIL CORPORATION
FOR Ti{E PROMULSATION OF ..! ORDER RLVIGI:G
RULE 15, GENER.AL ORDER ud0. 4 MOIL T.iS
4ND FIRE WwaLLSY.

ORDER OF THE CQM:ISSICN
BY THE CO.G.ISSIOL:

This crxuse came on for hearing at ten o'clock al.ile January 10, 1947 at Sunta Fo
wew Mexicy befor the 0il Conservation Commissicn of New :.exice, hereinafter referre
to as the "Commission®.

NOw, on this 8 day of Aipril, 1947, thes Commission having bcfore it for ccn-
gideration the testimeny edduced at the hearinzg of said case, und being fully

advised in the premis.s;

IT IS THEREFORE CRDERED TiL.T:

SECTION 1. That part of Ordor & of the Commission (General Rules), captionsd
"Rule 15« Cil Tanks and Fire wells", be end the stmce is hereby amended to read as

follows:

0il shell not ve storsd or ratained in curthen reservoirs, or in opsn receptao-
less all lessc, stock end oil storage tunks shall be protsetsd by & propor fire
well, which well shull form s rescrvoir having & capacity one-third lerger thun the
cepacity of the enclosed tank or tenks in the following ceases:

Where eny such tonks are within the corporats limits of any city, town or
villege; or where such tanks are clescr thun 500 fest to any highway or inhabited
dvizlling or clngor then 1000 feet ‘vo any school or church; or whore any such tanks
ars so loceted as to be deered &n cbjectionebls hazard within tho discretion of tho
Commiceinmn:  Suah *frnks shall not he erectsd, onclosed or maintoined eloser than 150
feot to the nuurest producing wzll,

Dons et Sunta Fe, sow Mexico as of the duy end yoor hsroinnlovs desiznnted,
s OIL COSBERVATION JOLIISSION

ToATT G T R O L T
2.0ad da .4.4":.1»1‘\1, Ul lilindd

JOHL B ILZS, RUBLR
Re Re SPURRIER, SZCRETARY
Liv COULTY OPERATCRS COLIITIZD

LOGLS, LA LREZICO
- April 1, 1047




J. O SETH
A.K.MONTGOMERY

OLIVER SETH

SETH ano MONTGOMERY
ATTORNEYS AND COUNSELORS AT LAW
Il SAN FRANCISCOC ST
SANTA FE.NEw MEXICO

January 14, 1947

01l Conservation Commission
Santa Fe, New Mexico

Gentlemen:

At the hearing on the 10th, in Case No. 90,
Stanolind 0il and Gas Company was given permission
to incorporate in the record a report on certain
wells in Texas of Anderson-Prichard.

This infcrmetion came in subsequent %o the
hearing, and it is enciosed nerswith.

Very truly yours,

7
i/ .
e Z p
Sy (,
I [

JOS: AW
Enc.l




Hobbs, New Mexico
January 8, 1947

¥r. Ralph Gray
Stanolind O0il & Gas Campany
- ¢ La Fonda Hotel
Santa Fe, New Mexico
Dear Ralph:
Yowr office motified us to mail this report to you

in care of the La Fonda Hotel, Santa Fe, New Mexico.
Yours very uly,
=g, 9;2“““

%‘—4‘

LHF/igb
enc
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ANDERSON-PRICHARD OIL CORPORATION
West Texas ~ New Mexice Division
Hebbs, New Mexice

NAITING ON CEMENT TIME

From January 1, 1946 te Jenuary 1, 1947 there were
fourteen wells drillsd in varieus peels in this divisien with
the "Walting en Cement Time" shewn by accempanying repert:

A recerding pressure gauge was put in service en the
8~5/8 inch OD casing well Ne. 6, McCrea Lease, Fullerten Peel,
Andrews Ceunty, Texas. The plug was pumped to the fleat, a
recerding pressure gauge was installed, initial pressure of
225# peS.ie was recerded, and at the end ef a 7 hour peried
the pressure had incredsed te 750# p.s.i. and at the end of a
12 how peried had decreased te 625# p.s.i. Pressure was
released at this time and drilling was resumed at the end ef
24 hours,

There has been ne indication of cemert failure in
any of these fourteen wells, Nine ef these wells were drilled
in the Welch Peel, Dawsen County, Texas. All ef these wells
are en the pusp and have a lew fluld level, if thsre had been
any indication ef cement failure, it could be easily detected
in these wells,

Also attached is a respert en the Parcell Ne, 1,
Drinkard Area, Lea Ceunty, New Mexice by Mr. Travis Meere ef
Stanolind Oil & Gas Ceampany, Hebbs, New Mexice.

ANDERSON PRICHl/WPMN
- O S g V4
By: « w4 % ,

y

L. » Fest

LHF/igb
att-2




FULLERTON
Andrews County, Texas

DRINKARD
Lea Coeunty, N, Mexice

WELCH POOL
Dawaen Comnty, Texas

HILDCAT
Cottle County, Texas

ANDERSON=PRICH ARD OIL CORPORATION
West Texas ~ New Mexioce Divis ien
Hobbs, New Mexice

WELL

McCrea #6
"

McCrea #7
L]

Parcell #1

Webb #2
"

Webb #3

Wabh 41,

O‘nBrinn #1
O'Erinn #2
O'Eriqn #3
0"E'3rian #h
O'Erien #5

O'Brien #6

Lyn ch #1

NAITING ON CEMENT TIME

AMT.

CASING

125t - 13-3/8
3995' - 8-5/8
6849t -~ 5-1/2
124t - 13-3/8
3929t - 9

684LLT ~ 5-1/2

AMT,.
CEMENT

SACKS

150
600
300

150
500
300

See attached repert.

309t - 13-3/8
4908 - 5-1/2
314t ~ 13-3/8
4903t ~ 5-1/2
1t - 10-3/4
4846t~ 5-1/2
305t - 10-3/8
4,868t - 5-1/2
301! - 10-3/4
L870' - 5-1/2
310t - 10-3/%
4,888t < 5-1/2
289 = 10-3/%
4,878t - 5-1/2
T 298¢ - 10-3/4
45051 ~ 5-1/2
302 - 9-5/8

LIOL! ~ 5-1/2

1742 - 9-5/8

145
200

155
200

140
200

150
200

150
200

150
200

15G
155
200

150
200

5C0

BER KBK Eéé

EER

8 KK Kk
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]

DRLG,
PLUG

BRR
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NELL

LEVELLAND POOL
Heckley Coumty, Texas Hash #1
"

Hash #2
"

WAITING ON CEMENT T. .

AT,

CASING

303¢
47

m1

L7768t

8
S

9-5/8
5-1/2

AMT.
CEMENT
SACKS

150
200

150
200

UNDER
PRESS.

HRS.

PR PRPF




Hobbs Area Miner Engine ering Repert Ne, 9
January 18, 1946

MINIMUM WAITING ON CEMENT TIME

Anderson-Prichard Parcell #1
Drinkard Field

On Jamuary 15, 1946, 3003t ef 9-5/8" OD 36# H~40 casing was run in the abeve
well amd cemented with 1130 sacks bulk cermen cement, Pertinent data fellews:

Tetal Depth: 3007t
Date T.D. Reached: 1-l4-46
Depth Casing Set: 3003!
Depth te Fleat: 2968!

unt. d Cenent: 1130 sacks bulk cemmen
Average Welght ef Cement Slurry: 15#/gallen
T of : Salt-satwr ated Zeegel
Time First Comgrt Mixed: 4:30 AM, 1-15-46
Last Cement Mixed: 5:05 A, 1-15-46
PE PEd Dewn te 2918t at 5:35 A.M,
Maximm Pressure to Pusp Plug: 550 p.a.l.
Final Pressure: 550 pe8.is

A C=1500 pes.i. mressure recerder was put inte service approximately 25 minutes
after plug was spetted, and recerded a pressure of 240 p.s.i, initial pressure,
Ne pressure bulld-up was ebtained, snd the pressure had decreased to zero within
L hours. There were apparently ne leaks in any eof the surface cennections. The
valves were spened on the Halliburten head at 2:30 P.M,, 1-15-46, and there was
ne pressure on the head, even though fiuid was standing in the hegd, The plug
and B! of cement abeve the fleat cellzr was drilisdc at §:50 T.H, or spmeximies
1y 17.5 hours after cementing, A tetal time of 27 minutes was required to drill
the plug and 23! of cemnt, wing a pump pressure ef 700 p.s.i., and 180004 ef
weight en the bit, The cement drilled firm te hard,

Acere barrel was tk2 run, and 11' of cement was cered from 2942'-531 at 12:45
AM., 1-16-46, or 20,25 howrs after first cemert was mixeds A rece very eof 2!
of mred cemert was ebtained, and was at the swface 22,5 houwrs after first
cenent was mixede The cement cere, the largest piece being approximately 6"

in length, was inspected by Mr. Frank Stahl of the U,S5.,G.S., Mr, L. H, Fester
of Andersen-Prichard, and Mr. Travis Moore of Stamolind., The cement had defin-
itely reached final set, and possessed all the characteristics of a well-set
cemert sample, The samples could be out with a knife, and had an estimated
hardness of 2.5 on Moh's scale, The cement ®red at the rate of 1'/minute with
a pump pressure of 100-150 p.s.i.

This is the first time that cement has been cered in this area, and is conclus~
ive proof tat cement can be drilled safely at lsast after a waiting peried ef
22,5 hours, Since no pressure build-up was otkained the actual minimum wajting
time could not be determined, but the time alluwed was definit ely ample,




Hebbs Area ¥iner Engineering Repert Ne. 9
Janwry 18, 1946

The enly legical reasen advanced fer net ebtaining a pressure buildup as the
casrt set wp is that there was sufficient mevemsnt of the plug dewnward in-
side the casing te relieve any pressure created by the expending drilling
fluid. This is thought te be brought abeut by a faster rate ef dehydratien

of cment eutside the casing as cempared te that inside the casing. The cemsnt
sutside the casing sets up while that inside the casing is atill a highly
visceus fluid, thus allewing a small meut of cement inside the casing te pass
the casing shoe and enter the Srmsti on, In tumm, the plug meves dewsmard

a sufficient amunt te relieve any pressure budlt up during dehydratiem ef the
cement, and ne pressure is built up &t the surface, This analysis is berne

out by the fact that ne presswe build-up has been recerded at the surface

on either of the cement jobs tested in this area where the plug was net pumped
down to the fleat., On two ether cement jebs tested by Andersen-Prichard, and
one b tested by Stamlind where the plug was pumped te the fleat, a presswe
build-up was obtained in esach case.

It weuld seem thst the surest way to ebtain a pressure buili-up weuld be te
bump t he fl1eat cellar with plug and ebtain a seal which wuld prevent any
further diaplacexent down the pipe,

By: Willigm Travis Meere



C. ER 52 (Revised), EFFECTIVkL 7 10
Casing Tests for All Fields

Lea County, New Mexico

The surface casing string shall be tested after drilling plug
by bailing the hole dry. The hole shall remain dry for one hour to
constitute satisfactory proof of a water shut-off. The surface cas+
ing shall stand cemented for 16 hours before releasing pressure and
at least 24 hours before drilling plug. The conductor string of
one to three joints need not be teated after cementing.

The intermediste string shall stand cemented 24 hours before
releasing pressure and not less than 30 hours before testing pipe
and cement, Tests of pipe and cement shall consist of building up

a pressure of 1,000 pounds, closing valves, and allowing to stand

30 minutes, If the pressure does not drop more thaen 100 pounds durs

ing that period, the test shall bs considered satisfactory. This
test shall be made both before and after drilling plug.

The production string shall stand cemented 24 hours before re-
leasing pressure and not less than 30 hours before testing casing.
This sest shall o8 made by bullding up a pressure of 1,000 pounds,
closing valves, and allowing to stand 30 minutes, If the pressure
does not drop more than 100 pounds during that period, the test

shall be considersed satisfactory.

By the term "releasing pressure” is meant any step or opera-

I3

tion which would relisve any pressure at the base of or outside of
the casing string belng @emented, j

All cementing shall be done by the pump and plug method, ex-
cept that this method shall be optional for a conductor of one to
three joints.

Bailing tests maoy be used on all casing &nd cement tests and
drill stem tests may be used on cement tests, in lieu of pressure
tests, In making bailing tests, the well shall be bailed dry and
remain approximately dry for 30 minutes.

If any string of casing fails while being tested by pressure
or by bailingz tests herein required, it shall be recemented and

retested, or an additional string of casing shall be run and

-l




cemented, If an additional string is used, the same tests shall be
made as outlined for the original string. In submitting Form C-101,
"Notice of Intention to Drill"™, the number of sacks of cement to be

used on each string of casing shall be stated.,
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AMERICAN INSTITUT: . MINING AND METALLURGICAL ENGINEERS
Technical Publication No. 1968
{CLass G, PETROLEBUM DrvisioN, No. 249)

DISCUSSION OF THIS PAPER IS INVITED. Discussion in writing {2 copies) may be sent to the Secre-
« Amefican Institute of Mining and Metallurgical Engineers, 20 West 30th Street, New York 18, N. Y.

Unless special arrangement is made, discussion of this r will close March 3o, 1946. Asy discussion offered
thereafter should preferably be in the form of a new mp:e;:e ¥ 0. 19 y e

Method for Determining Minimum Waiting-on-cement Time

By R. Frovp Fammis*
(Local Pall Meetings, Oct}her 1945)

ABSTRACT

A method is presented for determining mini-
mum waiting-on-cement time, which takes into
account the differences that exist between
types and brands of cements and such indi-
vidual well conditions as depth, temperature,
and pressure.

The basis for the method was determined
by laboratory tests. Being a laboratory devel-
opment, several steps were required to prove
its merit. The first step consisted of laboratery
tests designed to determine the minimum
cement strength required in wells. Basis was
found for setting a minimum value of 8 1b.
per sq. in. tensile strength. Next, it was shown
by laboratory tests that the time to 8 lb. per
sq. in. tensile strength may be expressed as
a function of consistometer stirring time tn
100 “‘poises,” the approximate relation being
“the time to 8 lb. per sq. in. tensile strength
equals the time to 100 ‘poises’ times three.””
Next, it was shown that the time of maximum
temperature development in cement slurries,
due to heat of hydration, is also related to
consistometer stirning time to 100 poises, but
only by a factor of approximately two. It was
shown also that the shut-in casing pressure
will build up after cement is placed and register
a maximum pressure at approximately the
same time the slurry down the hole attains
maximum temperature. From this and the
relativnsiips iisted above, the general rule
was established that minimum waiting-on-
cement time {time to § lb. per 2q. in.) after
casing cement jobs in any well is equal to the
time when the shut-in casing pressure reaches
a maximum, as measured from the initial
mixing of cement, times a factor of 1.5,

Cement plugs dritfed in the field at the time

Manuseript received wt the otfice of the
Institute Sept. 4. 1945

v Stanolind O3 and Gas Co,, Tul:a, Okla-
homa.

Copyright, 1946, by the Awerican Institute of Mining and Metat
Perkorety Teoayorosy, Janvary tosh. Printed in U, 8, Al

prescn)bed by this formula were found to drill
“firm to hard,” thus confirming the laboratory
tests.

These tests prove that many of the present
regulations for waiting on cement require a
longer time than is absolutely necessary. Use
of the method herein proposed offers the possi-
bility of a saving of $1200 per well.

[NTRODUCTION

The length of time allowed for cement
1o set after casing is determined either by
state-wide rules, field rules, or self-imposed
rules written into drilling contracts. In
general, the time 15 dictated by experience
and common practice. However, owing to
differences in opinion and in experience
vi the various groups involvea, waiting-
on-cement time often varies from one area
to the next. For example, an operator
in an area where no rules exist may drill
out of surface pipe at 23 to 36 hr., while
another operator in another area may wait
48 hr. or more 1o comply with state or
ficld rules. although the depth of the well,
hole size, type of cement, and other data
are identical. An even greater difference
in practices will be found by making
similar comparisons with respect to oil-

string coment jobs. Differcnces
on-cenent times of 36 to 48 hr. arec common.

Further complicating the picture is
the rather common practice of allowing
nmore wailing time for cement to zet at
the greater depths than is allowed at the
shallow depths. This practice has existed
for years in spite of the commen knowl-
edget®? that the temperature of the earth
at the usual setting depths of surface

P R T Sk e 1id
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casing is much less than that at the
depths at which oil strings are set, and
that increased temperature greatly accel-
crates the rate of setting and hardening of
cement.

F16. 1.—CEMENT IN ANNULUS.
End view of 5}3-in. 0.d. casing inside ¢3¢ -in.
o.d. casing.

The foregoing theughis suggest lack of a
fundamental basis for determining waiting-
on-cement time.

The minimum strength cement must
develop in a well before it will secure
pipe in the hole, exclude undesirable well
fluids, and withstand the shock of drilling,
and how long cement must stand before
it attains that minimum sfrength, are
questions often discussed but never com-
pletely answered. The industry has oper-
ated to the present time without the
answers to these questions, simply by
arowing long  watting  pedods {or i
cement to set. Thus, since experience has
taught that waiting periods ranging from
36 o 72 hr. would give satisfactory
results, theze periods have become standard
practice in many areas; however, it i3 casy
to understand how a practice derived in
this manner might include more time than
15 abzolutely necessary.

Lxperiments conducted in the Stanolind
il and Gas Co. Research Laboratory suy-

gested that cement in wells may set and
gain adequate strength in much less time
than normally is allowed for that purpose.
This finding led to the development of a
simple method for determining the mini-

PRESSURE GAUGE HYDRAULIC JACK

CASING 9 5/8°

LOG CHANN [
°

NEAT CEMBNT

Lo b

CASING 'S5 1/72°

FiG. 2—APPARATUS FOR MEASURING BONDING
STRENGTH OF CEMENT IN ANNULUS.

mum waiting-on-cement time, which will
apply to any well condition. The purpose
or this paper is to describe the laboratory
and field tests that contributed to the
development of this method.

Basis or Mernon

The expression “waiting-on-cement
time,” hereinafter referred to as WOC
time, simply means the time spent in
waiting for the cement to set and gain a
given minimum  strength. Thus, any
logical system for determining WOC
time must be based on minimum require-
meats for coinent stroagih wsad inowells.
Once this has been established, the time
to that strength can be reasonably accu-
rately determined.

Te obtain information as o what
strength cement should develop in wells
before it s drilled out, laboratory tests
were conducted inwhich a correlation was
made between cement tensile strength and
the bonding strength of cement in an
annulus. The apparatus consizted of scven
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pieces of ¢%§-in. o.d. pipe 5 ft. long, in-
to which were centered similar lengths
of 5}4-in. o.d. pipe. Standard portland
cement slurry weighing 15.6 1b. per gal.
was poured into the annulus of each unit
to a height of 4 ft. Some of the same
slurry was placed in briquette molds for
tensile-strength tests; also, cement slurry
was placed in Vicat molds for determina-
tion of initial and final set. The cement was
cured at atmospheric temperature, approxi-
mately go°F. An end view of the cement
in the annulys between the two sizes of pipe
is shown in Fig 1.

The bonding strength of the cement
in the annulus was determined by meas-
uring the force that must be applied to the
5}3-in. pipe to break the cement bond and

move it with respect to the outside (95§-in.)

pipe. The means of doing this is illustrated
by Fig. 2. Each time the bonding strength
of cement in the annulus was tested,
observations were made of the correspond-
ing cement strength and the progress
toward the initial and final set. Table :
presents a summary of the test results.

TasLE t.—{ement Bonding Sirength

; !
{ Force to
| Cement
Ce- Break "
ment 5 Bond of glensile

3 Ft.of Strength,! Remarks

1.83 k 400 } o Soft cement slurry

2.33 sso0 | o . Soft cement slurry

3.081 1,300 | o0 | Initial set N
3.66 | 4u00 4 est. | Cement stitffening rapidly
3.42 | 18,100 { 8 est. : Final set

5.50 20,000+ 13 ; Could not break bond
6.30 i 20,000+ 20

: Could not break bond
!

The rate of increase in cement bonding
cteenath is hetter demenstrated when thase
data are plotted on a graph. Fig. 3 shows
that cemeant has an enormous bhonding
strength at its final set.

Table 2 shows the calculated load cach
foot of cement in an annulus will support at
various cement strengths, together with
the length of various pipes of vquivalent
weight.

Returning to the question of how much
strength cement should develop in a well
before it is drilled vut. one can reason that
it would not be safe to drill out cement
before it reaches the initial set, even though
the data in Table 2 indicate that the
slurry may support the pipe, because it is
not until after the initial set that the slurry
passes from the fluid state into that of a
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
an the outside reaches its final set could
possibly reduce it to the fluid or semifluid
state, it is obvious that cement should not
be dnlled out before it reaches the final
set, which corresponds to a tensile strength
of approximately 8 1b. per sq. inch.

TaBLe 2.—Strength of Cement

5.50 | 5000412
6.50 !3.000+ 20 i
1 | H

Length of Pipe
Force 1 Ft. of Cement
Ce- to Will Support, Ft.
rent | Break | Cement Tensile{ .
Age 1 Ft. Strength, Lb.
3 [Cement! perSa.to. | s3] 7 {ran
* ond, In., | In., ! In.,
[ S 17 2 32
‘ ‘ R | Lo
| | P
{ l ‘ i
1.83 100 [ I 5.8 4.!14 1.3
2.33 137 o B.o;, 5.7, t.9
3.08 325 o (initial sct) 19.1[ 13.5[ 4.5
3.66 1,000 4 est. 53.8 .u.o' 13.8
1-42 | 4.550 8 est. (final mt);zb:.sﬁx&;,éi 63.1
: | |
! |
|

If cement should not be drilled out
before it attains a tensile strength of 8 Yb.
per sq. in., the next question is: Would it
be safe to drill it out at a tensile strength
of 8 lb. per sq. in.? The foregoing data
strongly suggest that it would be safe to
dill out Ceomenit at (ral sirengdn. A a
strength of 8 th. per sq. in., for example,
Table 2 indicates that each foot of cement
i the annulus should support 267 ft. of
305-n. o.d. 17-1h. pipe, and Figo 3 shows
that the rate of bonding-strength develap-
ment is extremely rapid at that point and
probably reachvs even greater proportions
shortly after that time. These considera-
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tions, together 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

govern the time required for it to stiffen
to a given consistency, reach a final set or
attain a given strength, will be water-
cement ratio, temperature, and pressure.
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F16. 3.—DEVELOPMENT OF BCNDING STRENGTH.

of casing is apt to be set down on cement
only whein the casiug is cemenied io ihe
surface, prompted the tentative conclusion
thai the minimum cement-strength re-
quirement before the plug is drilled out is
approximately 8 Ib. per sq. inch. ’

PrEDICTION OF CEMENT-STRENGTH
DevELOPMENT 1N WELLS

First Method
Having determined by laboratory tests

what appears 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 attain  that
strength. Cement slurry, whether ina well
or a laboratory apparatus, will remain
fluid for a time after the slurry is formed,
then it wilt stiffen, set. and start to develop
strength. Also, regardless of whether or not
the sturry is in a well or in a laboratory
apparatus, the factors that wilt Targely

When well conditions or laboratory condi
ilons acceieraie ine siiffening ilme ol
cement to a given consistency, the time
to the initial set will be decreased cor-
respondingly. Since both times are affected
by the same factors, it appears that it
should be possible to express one as a
function of the other. 1f the time for cement
stiffening to a given consistency is related
to the time of tinal set (8 Ib. per sq. in.
tensile strength), and if laboratory tests
could be conducted to predict the actual
time of stiffening of cement in wells, 1t
would he possible to predict with approxi-
mately the same accuracy the time when
cement in wells reaches the final set, or a
strength of 81b. persq. inch.

In 1o41. Stanolind Qil and Gas Co.
developed a method? of testing cements in
which temperatures and  pressures are
varied to corresnond with the increasing
temperatures and pressures imposed upon
cement slurcies as they are pumped from
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surface to bottom-hole conditions of wells
of various depths. The results obtained
from these tests are called cement stirring-
time tests to 1oo poises at simulated well
depths. Field tests have shown that this
method of evaluating cements describes
reasonably accurately the actual perform-
ance of cement slurries in wells. Table 3
is a tabulation of cement stirring-time
tests to 100 poises at various simulated
well depths, the time to 8 lb. per sq. in.
tensile strength (assumed to be equivalent
to the time of final set), and the ratio of
these times.

TABLE 3.—Cement Stirring-time Tests

| "

. Stir- | Time to Time to 8 Lb.
[‘)‘e;l:h ring )8 Lb. per| Per Sq. In.
Type of | Gimy.- | Time Ii Sq.In. | __
Cement |],1.q |to 100, Tensile ;

Ft. |Poises,Strength,! Time to (oo

{r. r. Poises
Standard 2,000; 3.§ 5.4 1.54
Portland.| 4.,000] 3.0 3.8 1.29
6,000/ 2.5 2.9 1.16
Stow-set A.| 8,000 4.0 8.5 2.12
10,000, 3.4 8.0 2.38
12,000 3.0 1.9 2.63
Slow-s¢t B.| 6000, 3.7 10.6 2.8
8.3c0] 3.1 9.3 3.0
10,000 2.5 7.5 3.0
Slow-set C.| 6,000 4.0 9.1 2.52
8,000 3.1 8.8 2.83%
oaant 2 A 7 R 3 .0n
RNow-set D.| b0, 3.7 6.5 1.75
8,000, 3.3 5.2 1.37
10,000 4.4 5.4 1.33

Data in the fourth column of Table 3
were obtained from time-versus-strength
data by extrapolation from actual test
points in the neighborhood of 20 to 30 1b.
per sq. in. tensile strength. For that reason,
and also lecause the strength tests were
made at atmospheric pressure, the data
under this heading do not exactly describe
the time to 8 1b. per sq. in. tensile strength
in a well. The times are a little longer

‘than would be found in actual practice, -

and thus become an added safety factor to
the method herein proposed. But, in spite
of the fact that the test data in Table 3
are not perfectly representative, the ratio
of the time to 8 [b. per sq. in. strength to
the time to 100 poises is surprisingly

constant. The average ratio multiplied by
the time to 100 poises would quite accu-
rately predict when cement in the average
well attains a strength of 8 1b. per sq. in.
However, since it is desirable that cement
in all wells, not just in the average well,
reach a strength of 8 1b. per sq. in. before
it is drilled out, the largest ratio, 3, must
be used. In general, therefore, cement in
wells will attain a tensile strength of at
least 8 1b. per sq. in., the minimum strength
requirement in wells, at a time correspond-
ing to threc times the time required for
the cement to reach a consistency of 1co
poises at well conditions of temperature
and pressure. Or, for practical purposes,

Minimum WOC time

T‘llh. pereq. in.

Tloo pmses X3

Where:

" Temperse.tn. = time to a tensile
strength of 8 Ib. per sq.
in.
well simulation stirring-
time tests to consistency
of 100 poises.

It viil be chown fater that this method
of predicting development of cement

Tro0 poises X 3

-l

than may be believed at this point.
However, since the method involves several
assumptions, thought was turned to the
development of a simpler, more accurate
method of determining strength develop-
ment in wells.

Second Method

When water is added to dry cement,
chemical reactions occur that give off heat.
It is this behavior of cement slurry that
permits one to run a recording temperature
instrument into a well after a casing cement
job and find the location of the top of the
cement  behind  the pipe. It has been
found that the temperature of cement
behind casing may remain higher than
the temperature of the adjacent formation
for as long as 6o to 70 hr. after pumping
the cement into the well. Field tests have
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shown also that temperature surveys made
at 24 hr. or less after cementing show the
tops of cement more distinctly, suggesting
that some time after cement is placed

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 tempera-

200 l

EEA}L_EME_G.HBS.M.Z‘Z

L]

180 {100 "POISES™— 2HRS. 56 MIN. =
160 / \\ -
w140 A/ ~
3 400 *POISES® T
W20
100 —
o 4 8 12 16 20 24
TIME, HOURS

Fic. 6.-—PEAK TEMPERATURE IN RELATION TO STIRRING TIME,

in a well the temperature increases to some
mammum 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 peak temperature of
cement slurries at various pressures and
temperatures is simulation of various
well depths.

An example of maximum temperature
development in a standard portiand cement
slurry at taree stimulated well depths is
shown in Fig. 4, which shows that the
greater the depth, the more quickly the
cement reaches the maximum temperature.
Viewing this behavior brings to mind the
fact that the greater the depth, the more
quickly cement stiffens and sets. That
thought, in turn, suggests that the time
to maximum temperature developmentina
well may be related to stirring time to
100 poises. A\ number of tests were made

ture and pressure, corresponding to wells
of various depths, versus the time to the
peak or maximum temperature develop-
ment (Fig. 3) suggests that these factors
may be reasonably closely related to each
other. In uther words, knowing the stirring
lime to yoo poises, ore 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. Fig. 3
indicates that the average R factor is
somewhere between 1.5 and 2.0.

Field tests were then made to determine
when cements in wells actually reach
peak temperature and to determine how
it is related to laboratory tests of stirring
time to 100 poises. The fest test was run in
a well in North Cowden field, Ector
County. Texas, where sti-in. o.d. casing
was set at 3624 ft. and cemented with 123
sacks of a standard portland cement,
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Immediately after the cement was pumped
down, 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 approximately 24 hr.
The temperature recorded during that time
is plotted on Fig. 6. The ratio of the time
to the peak temperature in this well to
the stirring time to 100 poises, as deter-
mined by a laboratory well-simuylation
test on the same cement, is 2.2, or slightly
higher than the K factorindicated by previ-
ous laboratory tests,

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

In the next field tests, the test procedure
used on the previous well was followed,
except that hourly readings of the shut-in
casing pressure were taken. This well was
drilled in Tri-Cities field, Texas, where
s}s-in. o.d. casing was set at 7681 ft.
and cemented with 600 sacks of a slow-set

" cement. Fig. 7 shows the results of these

tests. The oressure built up with tempera-
ture to approximately the peak, but,
unfortunately, the pressure on the casing
was bled off at that time. Ratio of the ime
to peak 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 maximum pressure on the previous
well, In this test, 3%5-In. 0.d. casing was set
at 7612 ft. and was cemented with the same
type and amount of cement. The results

(Fig. 8) confirmed the thought that pres-
sure on the casing after cement is placed
reflects heat of hydration of cement in a
well. The ratio of time to peak pressure to
stirring time to Ioo poises was 2.82 in this
case. Why the peak temperature occurred
in one well at ¢ hr. and 28 min. and the
peak pressure occurred at 12 hr. and 16 min.
in another well of approximately the same
depth is understandable in view of 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
was cemented during a season of the year
when the atmospheric temperature was
probably less than that at the #me of
cementing the first well. Tt is a well-known
fact that inud-pit temperatures are affected
by atmospheric temperature, which, in
turn, affect the bottom-hole temperatures
and, therefore, the setting time of cement
placed therein. .

A pressure build-up test was made on a
well in West Edmond field, Oklahoma,
where 7-in. 0.d. casing was set at 7028 ft.
and cemented with 700 sacks of a special
experimental oil-well cement. Fig. g shows
that the ratio of peak pressure to 1co poises
was 2.4.

Surface pipe, 1034 in., was set at 639 ft.
in a well in Sour Lake field, Texas, and
cemented to the surface with soosacksof a
standard portland cement. Fig. 10 shows
that the ratio of peak pressure to roo
poises was 2.1. Pressure was bled down
anee to nermit Installation of o roconding
pressure gauge. Pressure was bled down
at first to avoid subsequent high pressure
on the casing. When the peak pressure was
reached, @ transit was set up some distance
from the well and trained to a mark on the
pipe to observe any scttling of the pipe
when the strain was released. The weight of
the pipe was set down en the cement.
but no movemoent was observed.
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Earlier in the discussion it was shown
by laboratory tests, that the ratio of the
time to maximum temperature develop-
ment 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
twice the time required for the cement
to attain a consistency of roo poises, under
the particular laboratory consistometer test
conditions used in this case. This relation-
ship, with others pointed to throughout the
discussion, may be written as equations as
follows:

Tsain per s in, = ij.-:_ \\'O(‘ { !!
Toin. woc = T100 poises X 3 {2)
Tz temp., = T rax. cig. presa. [3]

Tmu.mpm.n. = Tloopuiu- X2 {4]

Therefore,
Tml'n- woe = Tm.n. o8g. preas. X 1.5 [S;
where:

T pecag.ie. = time from mixing of the
cement toa tensile strength
of 8 1b. per sq. in.

T min, woc = minimum  waiting-on-ce-
ment time.
T 100 powes = cement well simulationstir-
¢ ring-time test to 100 poises
(pressure  consistometer;
Stanohnd test procedure).
T sx. tomp. = tiMie to Maximum tempera-
ture  development in ce-
ment.
T ar oop. prewn. = Lime to maximum shut-in
PIOssure on casing.
Frq. 5. which expresses the second method
for predicting development of cement
steength in wells, simply means that all one

has to do to determine the minimum WOC
time in any well is to read the shut-in casing
pressure after landing the cement unti)
it reaches a maximum, then multiply the
time to that point, as measured from the
time of mixing the first sack of cement, by
a factor of 1.5. This method is much simpler
than the first method and is much more
accurate, as it will reflect differences in well
conditions and differences in cement
behavior.

The foregoing equations describe rela-
tionships that laboratory tests indicate to
be true, or approximately true, in wells
with respect to minimum strength require-
ments and minimum WOC times. Whether
or not the laboratory predictions hold
true in field practice is quite another
matter. Field tests were made to check the
correctness of these hypotheses.’

Freep Tests

1i the trends indicated by laboratory
tests are fundamentally correct, the equa-
tion for predicting minimum WOC time
will apply to ail portland-type cements in
any well at any depth, Therclore, excep-
tions to field rules were obtained where
necessary to permit dritling out of cement
as carly 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 cements. Each job differed
from normal practice only in the time of
dolling out of the plug. Field men were
instructed to take hourly readings of the .
shut-in casing pressure until it reached a
maximum, release preasure at that point,
run the bit inte the hole, and start drilling
the plug at a time equal to the time to
the maximum pressure times 1.3, Inci-
dentally, tield men were advised to bleed off
the pressure at intervals if it reached
dangerous proportions. The criterion is
not necessarily the magnitude of the pres-
sure, but, rather, is the jpoint when the
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fluids inside the casing stop expanding
as a result of an incresse in temperature.

that releasing the pressure after it reaches
the maximum is a more critical test than

TABLE 4.—WOC Field Tests

Elapsed Time, Hr., to Time
. N to
Casin| Cement Maxi-| Dril-
. e Maxi-| Stir- | JRe- | Plug | mum | ling { Wt. | gey.
Rield mum | ring lease } Dnt- | Cas- | Rate,| on per
Cas- | Time of (ledat, ing | Min. | Bit {\in.
. 106 Cas- [ Hr. { Pres. %f Mis
Size, |Depth Pres-.| Poises P‘:fs- ;“;es N
In. Ft. TYPC S&Ch sure X2 sure Hl’. iy
Pullerton, Tex....| 73§ | 3.771 {Common; 2,000 6.16] 7.38| 12.25| 90.24*| s 5 55
Fullerton, Tex....| 73& | 3.803 Common{ 1.800| 7.25) 7.23) B.0f 16.0 |r0.87 | 3 2 50
Fullerton, Tex....| 735 | 3,785 {Common! 1,900} 7.05| €.16' 7.20 11.2 [10.57 2.4 2 50
Fullerton, Tex....| s}3 t 6,365 Slow-set 350 8.0 7.071 26.2 l12.0° 2.0 3 50
Sittner, Kans..... 533 | 3.612 [Common| 150 8.5 9.53| 16.2 j12.75¢| 3 3 50
W.Edmond, Okla.| 7 7.005 [Common! 700 5.33 6.92 8.0°
Sour Lake, Tex....] 103§ 647 |Common; S00{ 14.77| 14.0 | 14.77 2.&.27 22.1% 0.3 6 100
Riverside, Tex....| 53z | 6.415Slow-set} 750 10.12; 8.8 | 11.0 15.16
High Island, Tex..] 7 5,704 | Slow-set} 750) 15.67) 11.10) 15.67] % l23.s
Elk Basin, Wyo...| 7 5,300 [Coramon] 300 .00] 7.40] B.0o | 24.3 {12.0 2.5 6 90

s Head lzaked.
¥ Not dnited early.
T to 100 “poises” X 3.

Table 4 presents a summary of eight
field tests in which attempts were made to
drill out cement at the minimum WOC
time indicated by laboratory tests.

Discussiox oF ResyLrts

The field tests summarized in Table 4
show by the drilling rates that the cement
in each well had passed the final set, and
therefore had attained a tensile strength
of at least § Ib. per sq. in. as predicted
by laboratory 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 z. These data show
that cement tests can be made in the
laboratory that will predict the approxi-
mate stiffening time of cement in wells.
In three field tests, unforeseen events
approached the usual drilling out time and
thus rendered  those fests  practically
uscless as far as the subject experiment was
concerned. The oaly Information of signiti-
cance obtatned from those tests was that
no sturry flowed back into the casing when
the pressure was released. Many believe

the test of drilling the shoe. They reason
that if the cement is soft it will back up
into the casing when pressure is released,
especially if the common type of flnt
equipment is not used, as in two of the wells
tested.

The writer is of the opinion that the
tests conducted on the surface pipe
cement work at Sour Lake were more severe
than those at any othzr location. The
cement was likely to have been much
more ‘“‘green” when it was drilled than
at any other test location, owing to the
low curing (formalion) temperature and
pressure. Immediately after the pressure
was released, 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 1034-in. casing were set
down on the casing. The cement not only
supported e tuil weignt ol (e casing
at that point but held the very large weight
of that cquipment. Next, after drilling
the wooden plug and baflle collar and 4 or
5 it of cement, the driller stopped rotation
and set all the weight of the drili pipe,
kelley, and swivel (8 points) down on the
cement, then increased the pump speed
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to a relatively high rate to see whether the
cement could be washed out. The weight
indicator had picked up no weight after
circulating 6 min. 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 showed no evidence of
flow of cement into the casing after the
shoe was drilled. Also, in no case was the
cement suthciently soft te be circulated out.

These data indicate that basing WOC
time on the time to maximum casing
pressure times a factor is fundamentally
sound and applicable to field practice. It
would appear that such a system as this
would be particularly attractive as a 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 Lack to allow a minimum strength
to be developed. Unless further field experi-
ence proves that the multiplier 1.5 is too
low, there is little reason for suggesting
that a waiting period longer than that
prescribed by the formula should be used.
These tests indicate that seldom will rig
operations permit cement to be drilted
out” at the minimum time. This suggests
that the phrase ““waiting-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 advantage

can be taken of the indicated savings in
shat

fomen  thn
WO ad LAdL

regulations will have to Dbe modified,
certain of the routine of rigging up and
handling of rig operations may have to
be shifted. For example, much of the rigging
up eor repair around a rig that now is
deferred untit 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 not spent in

63 e 4, Enm ~owial
o, J\side fact certain

changing rams on blowout preventers
and in the installation of the master valve
and the blowout preventer after setting
surface pipe. If this equipment were made
up in a 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 that might
be effected by reducing WOC time, the
over-all average WOC time on Stanolind
Oil and Gas Co. propertics is approximately
51 hr. per casing cement job. This figure
is lowes than might be expected because it
includes practices in areas where no regula-
tions exist. The over-all average WOC
time indicated by the method proposed in
this paper is estimated to be approximately
15 hr. per casing cement job. This suggests
a saving of 36 hr. per job. However,
practical considerations teach that very
scldom would the crew be able to start
drilling on the plug so early. It has been
estimated that, at least until the present rig
routine js appropriately modified, the plug
cannot easily be drilled out before an
average time of approximately 21 hr. aiter
cementing casing. Therefore, it appears
that an average of 3o hr. per cement job
might be saved without much ditticulty.

Translating rig time into dollars at
320.00 per hour, the saving should be
an averaze of $600 per casing cement job,
or at least $1200 per well, assuming two
cement jobs per well. Realizing that more
than 24,000 wells were drilled in the United
States during 1944. one can appreciate
how reducing WOC time wmight benefil

the industry

SUMMARY

It has been shown that the mintmum
watting-on-cement time in wells can be
reasonably aceurately predicted by labora-
tory well-simulation tests, hut can be mor,
simply determined by observing the shut-in
pressure on the casing to a maximum
value then multiplying by a factor of .3
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the time from initial mixing of cement
to the time when maximum pressure is
reached. Field tests show that the cement
has ample strength to support the pipe
and withstand the shock of drilling at
that time.

A great deal of WOC time may be
eliminated if regulations are relaxed and
if rigging up and drilling routine is adjusted
to fit in with minimum waiting-time
requirements.
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€¢5n/Jv@7ﬂ5)When water is added to dry cement the slurry thus formed will re-
main fluid for a period of time, then i1t will gradually stiffen, set, and
gain strength. If the cement slurry is agitated or pumped for just a short LQ
time after it is formed, thick gels or false body systems will develop in the
slurry, giving it the appearance of a partially set cement. This behavior is
sometimes called false set. The cement in this state is a semi-plastic and
actually possesses some bonding strength. However, a slight vibration or
movement, of the cement before the initial set occurs will cause the cement to
revert back to a fluid state, After cement takes a final set it assumes the
properties of a solid and cannot again be reduced to the fluld state., After
it becomes a solid it resists distortion by the amount of its strength in
shear, When a force or pressure is applied to it which is greater than the
shearing strength of the cement, it simply breaks, cracks or crumbles, There-
fore, since the period between the initial set and the final set marks the
transition from a fluid state to a solid state, if it can be proved that cement
in a well at the time of its final set possesses sufficient strength and
rigidity to support the pipe opposite it, to exclude undesirable fluids or
gases, and to withstand the shock of drilling, then the time to the development
of that physicial state in cement would be the absolute minimum WOC time,

It was reasoning along such lines that prompted the Stanolind Oil

and Gas Commany to conduct tests in both the laboratory and in thne field for a
more scientifie answer to VWOC time problems. The paper entitled "Method for
Determining Minimum ilaiting-on-Cement Time" presented before the A.I.ME, in
October, 1945, reported the results of some of that work. One of the first

efforts in that connection was a study of the bonding strength of cement in




the annulus between 5-1/2-inch and 9-5/8-inch casing at early ages or short
WOC times,

Fhss werk Showed 4e7
wies,/] When the cement reached the final set, i.e. when the irreversible
transition from a fluid to a solid was completed, the cement had a bonding
strength of 4,550 pounds per linear foot of cement in the annulus. From these
data it can be calculated that each linear foaot of cement in an annulus at the
time of the final set should support 267 feet of 5-1/2-inch 17-pound casing.
Since most engineers regard a safety factor of 2 as being ample for most
engineering problems, and since this work suggested a safety factor of 267 to 1
insofar as support of pipe in the hole is concerned, it appeared cbvicus that
any WOC time spent beyond the time required for the cem:ant to take its final
set (approximately 8 p.s.i. tensile strength) would bf%’a"sted, offort,

Following this development, attention was turned to the thought of
conducting field tests to verify the laboratory's suggestion that the minimum
safe WOC time is the time of the final set (8 p.s.i. tensile strength), Before
field tests could be conducted, however, means had to be devised for accurately
determining vhen the final set of cement vill occur in a well. This problem
was easily and conveniently solved by utilizing the well established fact that
cement slurries liberate heat more rapidly during the setting processes, i.e.

during the fluid-state-to-solid-state transition period, than at any time




before or afterward. Laboratory tests established the fact that all the cements

tested would attain the final set (8 p.s.i. tensile strength) by or before a
period corresponding to 1.5 times the time to the point of maximum heat develop-
ment in cement. Field tests were then conducted to prove that the heat of
hydration of éement slurries in any well will heat drilling fluid on the in-
side of the casing to the extent that, when the casing is shut in, the pressure
at the surface will increase and reach a maximum almost simultaneously with
mximum heat development of the cement in the well, The field tests not only
proved this thought but also proved that cerent may be drilled any time after
it reaches the fimal set or 8 p.s.i. tensile strength.* This method for deter-
mining minimum WOC time has been used in a number of fields in a routine manner
for approximately a year. To my knowledge there has been no case of failure
attributable to drilling of the plug too early.

While there are several advantages in using 2 formla for determining
minimum WOC time, i.e., 1-1/2 times the time to the maxdmum shut-in casing
pressure, it has the dlsadvantage that leaky casinghead comnections or other
leaks may prevent the normal pressure build-up on the casing. When this occurs
on a Stanolind well, e alternate method for determining minimum WOC time is
applied which is based on the limit of pumpability of cement slurries at high
pressures and temperatures in simulation of those which exist in the average
well at any depth. However, since information of the latter type is not now
available to all operators, it is believed that the minimum WOC time should be
tased on a flat-time, at least for the present time,

Therefore, studies were made of the setting times of many of the types
of cements used in cementing surface pipe, intermediate strings, and oil strings

to determine what fixed minimum time might be applied to each type of casing
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cement job. The following times were recommended:

Under Pressure, Hrs, Drilling Plux, Hrs,
Surface pipe 16 24
Intermediate 24 30
0il st 2, 0
ring_’_ﬁ 3
se s have b used in seve in s e

pasy/yea¥ without difficulty,
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' SETARY OF LATTIIC ON CLVIIT 2XE LRIVENTS
HOBES ARLA, CEd JTIXTCO

There follows a brief summary of the waiting cn cement time experiments
which have becen performed to dats in the Hohbs ‘rea. (1l elapsed times mentioned
below refer to the time when the first cement was mixed.

The first test{ was made on the Rowan Drilling Company's Elldott 3-15,
Well No. 2 located in Section 15, T-22-S, R~37-E, Fenrose-Skelly Area, Lea
County, Vexico, When the well had reached tha total depth of 1165 feet,
9 5/8 inch casing was run to bottom and cemented with 650 sacks of Incor high
early strength cement on December 19, 1945. 34 minutes were required to
mix the cement and the plug was puaped to a depth of 1143 feet 55 minutcs after
the first cement was mixed. The final pwip pressure was ACC pounds por square
inch., A few minutes after the plug reached botiom maximua pressure on the
casing at the surface was 25 pounds per square inch, o pressure buildup was
obtained on the well, Yo pressure leaks were observed at the surface and no
plausible explanation for failure to obtain the pressure buildup has bcen mede,
The test was witnessed briefly by l'essrs. Stahl and Schorster of the USGS.
The plug was drilled L8 hours after cecment vas {irst mixed under verbal aprroval
of 'r. Frost of the U3G3,

The next waiting on cement test was conducted on the Anderson~Pirichard
No. 1 Pareell in the Drinkard Field. On January 15, 1945, 3003 feet of 9 5/8
ineh casing was run in this well and cementsd with 1150 sacks of bulk common
cement, The total depth of the well at this time was 3C07 feet, ixing of
cement was cowpletcd in 35 minutes and the plug reached bottom at an elapsed
time of 1 hour and 5 minutes, The flnal pressure to pwap thc plug was 550
psi. In 1 hcur and 30 minutes after first mixing of cenent cressure had de-
creased to 240 psi and further decrcased to zero pressure in 4 hours, !o leaks
viere observed in any of the surface comnmections., Casinghead connections were
removed after an elapsed time of 10 hours and no pressure was observed on the
casing at tanls time, although fluld was standing at the surfege, Drill pipe
was run and the plug and 23 feet of cement above the float colar was drilled
~nnroximately 17 1/2 hours after coumeacing operations, »ump pressure of 7CC
psl and 18,000 pourds weighi ui thc Lit were used in drilling this 23 feet of
cement in 27 minutes. A core parrcl was run and cerenb was cored Iar a Luudl
11 feet, approaximately 20 hours after {irst cauent was nixed, Core recovery
amounted to only 2 fcet of cenent; housver, the cere rocovered hod desiravle
-ualities, These cemnent cores vere iaspected by !'r, Srooal Stahl of the USLS

v

cnd v, Tl 7. Poster of Anderson-Prichard,  here was no (restion thay Lho
cernient had reached s finegl scb, oo Jicld offiee hnd covinecd Lne Lhoory
that failure to obltaia th¢ preasure buildnp was due Lo new uping Lhe plag
on botter, bhiereby aAllesing flaid ithin Lhe cesing Lo expand ead fores the

Sl dovnwerd in the pipe rather Lhan orodne © presoure bulldap,
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Another waiting on cement test was performed on Rowan Drilling Company's
Elliott B~9, Well No. 3 in the Penrose -Skelly Area, On January 7, 1946, 8189
feet of 5 1/2 inch OD casing was set at a total depth in this well with 1450
sacks of cement, 750 sacks being common cement and 700 sacks being Incor high
early strength cement. 4l minutes were required to mix the cement and ths plug
bumped the shoe in 1 hour and 3 minutes., Final pump pressure was 1900 nsi,
After placing pressure gages on tihe wellhead, pressure was bled from 1720 pounds
per scuare inch to 850 psi. In an elapsed time of 4 hours from first mixing
af cement, [ressurs had increased to 1400 psi. Pressure was bled down to 650
pounds per square inch and in a total elapsed time of & houre had achieved
maximnm pressure buildup to 1220 pounds per square inch. HNo further pressure
buildup was noted after 8 hours., Applying the Farris method, the plug could
have been drilled in a total elapsed time of 12 hours after mixing of first
cement. The test was witnessed by Mr. Yarborough of the New lexico Conservation
Commission and Messrs, Stehl and Schorster of the USGS paid brief visits
durding the test.




BEFORE THi OIL CONSERVATION COMMISSION
CF THE STATE OF NEW MEXICO

IN THE MATTER OF THE HEARING CALLED BY
THE OIL CCNSERVATION COMMISSION OF THE
STATE OF NEW MEXICO FOR THE PURPOSE CF
CONSIDERING:

CASE NO. 90

ORDER NO. _é_zé)

THE APFLICATION OF STANOLIND OIL

AND GAS COMPANY FOR MODIFICATION OF

. THE RULES AND REGULATIONS OF THE
 COMMISSION WITH RESPECT TO THE PERIODS
. PRESCRIBED FOR WAITING ON CEMENT IN

. CONNECTION WITH THE CEMENTING OF

1 CASING.

ORDER OF THE COMMISSION

" BY THE COMMISSION:

This cause came on for hearing at ten o'clock A.Me. January 10, 1947
at Santa Fe, New Mexicc before the 0il Conservation Commisszon of New

| Mexico, hereinafter referred to as the "Commissionf.

NOW, on this day © / s 1947, the Commission having
before it for consideration #he tes ny adduced at the hearing of said

~ case, and being fully advised in the premises;

IT IS THEREFORE CORDERED THAT:

SECTION 1. That part of Order 52 (Lea County Rules), captioned

| "Casing Tests for all Fields® be and the same is hereby amended to read
- as follows:

The surface casing string shall be tested after drilling plug by

“ bailing the hole dry. The hole shall remain dry for one hour to constitute

satisfactory proof oi a water shut-off. The surface casing shall stand

- cemented for at least 24 hours before drilling plug. The conductor siring

of one to three joints need not be tested after cementing.

The intermediate string shall stand cemented not less than 30 hours
vefore iLesting pipe and cements. ‘I'ests of pipe and cement shall consist
of building up a pressure of 1,000 pounds, closing valves, and allowing
toe stand 30 minutes. If the pressure does not drop more than 100 pounds
during thaet periecd, the test shall be considered satisfactory. This test
shall be made both bdefore and after drilling plug.

The precduction string shall stand cengnied nct less than 30 hours
before testing casing. Tais test shall be made by building up a pressure
of 1,000 pounds, closing valves, and allowving to stand 30 minutes. If
the pressure does not drop more than 100 pounds during that period, the
test shall be considered satisfactory.

All cerenting shall be done by the purp and plug method, except thatb
this method shall be oplional for a conductor of one to three joints.,

sadline tesibs may bz usaed on all casing and cement fesis and drill
stem tests may ve used on cement test S5 in lieu of pressure tesis. In

making Odlllut unot¢, the well shall be bailed dry and remain approximately

dry ror 30 minules.




If any string of casing fails while being tested by preasure or by

. bailing tests herein required, it shall be recemented and retested, or an
. additional string of casing shall be run and cemented. If an additional

i string 1s used, the sams tests shall be made as outlined for the original
¢+ string. In submitting Form C-101, "Notice of Intention to Drillw, the
| number of sacks of cement to be used on each string of casing shall be

statec.,

Done at Santa Fe, New Mexico as of the day and year hereinabove

. designated.

OIL CONSERVATION COMMISSION

Thomas J. Mabry, Chairman

& ndeo.

John E. Miles, Nember

oL

R+ Re Spurr¥#r, Secretary
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NTL, CONSHRVATTON QOVMISSION
.. Senta Fe, New Mexico
"Notice of Publication

State of New Mexico
0il Conservation Commission

"The Gil Cons~-rvation Comnission, as provided by law, hereby sives
notice of the following hearings to be held at Santa Te, Wew Mexico,
at 10:00 o'clock A.M., January 10, 1947:

"Case No. S0

— s

In the matter of the apolication of Stanolind 0il
Company for modification of the rules and resulations
of the Commission with respect to the periods nre-
scribed for waiting on cement in connection with the
cementing of casineq,

"Case No. 91

In the matter of the application of Gulf 0il Corporation
for the promulration of an Order revisine Rule 15,
General Order No. 4 '0il Tanks and Fire Walls'.

"Given under the seal of said Commission at Sante Fe, New Mexico, on
December 20, 1946,

1TL CONSERVATION COIL/ISSION

By: /s/ R. R. Spurrier, Secretary
SE AL

Said meeting convened at the appointed hour, on the 10th day of
January, 1947, in the Coronado room of the La Fonda Hotel, Santa Fe,
New Mexico, with the Commission sitting as follows:

TT m | SRR PN O Y A voon sevn v Nhas weman
divsite Le Ue i8hUs y g WUvvadivd — -~ 4 r——

’
Hon., John E. Miles, State Land Commissioner, lember
Hon, R. R, Spwrrier, Secretary, 0il Conservation Comiission, }Yember
Hons Carl Livingston, Chief Clerk & Leral Adviser, 0Oil Conservastion Commission

HALTS COLPATY AIRESS

Glenn Stalev

t

Lea County Operators
o Re Pollincer Shell 011 Co., Tne. Tobbs, HNew Yexico
e Do Murray The Texas Conpeny VMidland, Texas

A, W, Tillie Tha Texas Companr Ft. orth, Texas

Hobbs, Hew Mexico

Pe 1

L ]
vaul C, Fwvans

Hurene Husford
o Hs €, Obis
1, €, Taird
n_or

Te e Gra_‘f
Lloyrd Holsepnle
e Ne Little
Robert L. 3ates

« Bohart Gulf 2il Corporaticn

Gul? 011 Corporation

Tulf Refini»e= Comnany

Ntis Pressure Nonbrold

Otis Zpprinacrines Coronratio:n.
Rerelle 011 Company

Renollo 0Ll Company

Tide Tnter Asanciation Gil Co,
o M. Bureen of Mincs &
Jokural Resournes

-1-

Tulsa, Oxlancna
Hobbs, lew Mexico
b, Pleasant, Vich,
Pailos, Texas
Nelles, Texas
Midland,, Texas
v, Jlorth, Tewas
idland, Texas

oenrre, Lev Mexieo

o2




RIGTATIR (cont'd)

A COMPATY ADDREDS
Willienm B. Macey 0il Conservation Commission Artesia, New Mexico
K. Je Gallapgher Gulf il Corporation Hobbs, New Mexico
John M. Kelly Indenendent Rosgwell, New Mexieo
Foster Morrell M. S. Geolopical Survey Roawell, New Mexico
Vernon B. Bottoms Superior 0il Comneny Midland, Texas
R. €. Crhristie Amerade Petroleum Corporstion Ft. Vorth, Texes
He Lo Johnston Centinental 0il Company Midland, Texas
S. V. MeCollum Continental Oil Company ¥Midland, Texss
N, R, Lamb State Bureau of Mines &

¥ineral Resources Artesia, New Mexico
D. R. McKeithan Phillips Petrolewn Compeany Bartlesville, Okla.
Lloyd L. Gray Gulf 0il Corporation Tulse, Cklahama
S. A. Sanderson Gulf (il Corporation Tulsa, Oklehoms
Jo Do Atwood Gulf Cil Corporation Roswell, tew Mexico
Charles C. Rodd Gulf 0il Corporation ‘ Tulsa, Oklahoma
Ralph L. Gray Stanolind 0il Company Hobbs, New Mexico
J. E. Wooten Sterolind Cil & Gas Company Tt. Worth, Texas
Re Flovd Farris Stanolind 0il % Gas Company Tulsa, Oklehoma
Roy O. Yarbrcugh 0il Conservation Cormission Hobbs, New Mexico
Je. W. House Humble 0il Conpany Midland, Texas
W. E. Hubbard Humble Cil Company Houston, Texsas
R. &, Dewey "Munble 0il Conmvany Midlard, Texas
George “erlin Skelly 0il Company Tulsa, Oklahoma
George W. Selinrer Skelly 0il Company Tulsa, Okleahoma
J: N. Dumlavey Skelly Cil Comparnv Holbs, New exico
E. 0. Anderson New Mexico Bureau of Wines Vobbs, New Mexico
Lewis Finch Ji. Stanoling Oil o CGas Company Fte siortl, Texas
J. O. Seth (Attorney) Stanolind 0il & Gas Company Sante Fe, New Mexico

DIRECT SXAMTYATTON

JUDGE SETH:

¥y name is J. C. Seth, I represent the Fetitioner in this cese.
It is simply a request to reduce the waitine on cement time in
Order 52, tc the hours shown in th~ petition., We would like to
introduce in evidence the showine by laboratory tests and actual
field tests, the hours requested in the Petition will be ample to
protect the strata.

I don't know how much Governor Mabry knows sbout o0il well drilling - - =
DEAMTEATION OF 'R, LWWIS  FTIHCM, JR.
(After beins dulv sworn, 1r. Fineh testi“ied as follows)
JULGY SYUTH:
Please state your name,
'R, RIUCH:
Lewis Pinch - Ir.
JUDGS 3-TH:

K

Mive vs o briel idea of your Lroeirins ans exnerienco,

T omoa vetreoleun ensinecr, have o 8,3, depree {ren the Oklahone
A, %1,

--------

That oractical exserience have tran had?




VR, TYNCH:

Three years actual experience in the oil fields of Ler County, also
had charce of development in Southeestern New Ycxico for Stanolind
0il Company for an additional three vears,

JUDGE SETH:

iWhat 1s the present regulaticn No. 52, as to the time for cement to
set?

,!R . FI I‘f H
The present regulation on the surfact pipe is that the cement shall
stand for 36 hours before drilling progresses; 48 hours on inter-
mediate casing,on the oil strain 48 hours before drillinc progresses.

JUDGE SETH:

Hill you stat2 for Governor Mabrv's benefit what is meant by
cementing the casing?

'[ ' GOVERNCR MABRY:

I understand that.

JUDG

53

SETH:
Would you scate the Order terms apply outside Lea County?
MR, FINCH:
Order 52, T believe, is limited to Lea County.
JUDGE SETH:
Any menerel order saovlicable outside Lea Countv?
MR. FIHCH:
Not - so far as I know.
JUDGE SETii:

A AmafPd Paw Flha nuawnAacs A cattivne hofarae +hoe
O nalT ICr TRt parpoce ol seTTing helore - he

el

Cormission some ideam of the rule %he Stanolind would like o
have put into effect?

JUDGE S*Ti:
Ve would like %o present bhis to the Cormission as Uxhibit A, in
this cuse.

State briefiv what effect thal has on the present rule,

T TAT YT/
AR resw

The rule we are proposing vwill rednce the Lime far drilline = the
cerient on the surface drain freom the present orescrived houre of

35, to 24, e are alsc oroposinc thal the siwlace casins shorhen
the time for cement for 16 hours before relessing the pressure,

“ith respect to the interredistce strain, we are provosinz shortenins
tho ko ta 24 honre hafave relasaine pnrasowce, an! not less Lhan

20 houps balore testing vips ani oconemt) ored Apriiline weonresses,




Mr. Pinch (Contt'd)

Reduce from 48 ta 30 hours, on the production strain, On the production

strain we are proposing that it shall stand cemented 24 hours before
releasing pressure, and less than 30 hours before drillinr progresses,
reducing from 48 to 30 hours.

JUDGH GETH:

Have there been any previous hesrines heldbefoée this Comrission
covering this same matter?

¥R. FINCH:
Yes, there has been,
JUDGE SETH:
Po you know vhen that was held?
MR, FIUCH:
In October of 1936.
JUDGE SET:

As a result of that hearine was the ratiny on cement time reduced
to the nrecent rulief

MR. FINCH:

Yes, sir.
COMMISSIONER MILES:

Reduced to the present ruline?
JUDGE SETH:

Yes,

Wle would like to offer in evidence Case Ho. 4, held October 14, 1938,
Considerable testimony was taken at that time. T suppose there is
& copy of that hearing in the Commission's file, we have one here if

armvy hava e
TN AT e v uve

MRe SPURRT™R:

fhe reacord is filed in the case,
ST ST

5

that is tho prechbice of oadjoining sichas ‘n tnin veoard?

Ta Taxzs Lhe nractics hns heen reconblr voeviaad o annTarn criEh She

provoanl we are ovesenlbine here,

JiaT e,

D e know ahoub Oklehnama?

AXsb) vt

I dont't helicya Nllabhocn by anv sneeifiec role-,




Py

TTRE SuTH:

In your opinion, ¥r. Finch, would this reducesd waitinr time result
in considerable savinz in the cost of drilling a well?

YR, INCH:

fes, s3ir, T believe it wuld.

How much would it redue> and ‘n whet manner?

MR, FINCH: )
We would have a savine of 12 hours on the surface pive, 18 hours on
the intermediate, and 18 hours on the oil strine; which would be s
total of 48 hours - two davs.

JUBGS SETH:

You mean by that, in payinr of the drilling crew?

They sit around waiting while the cement is settine?
¥R, TINCH:
That's often the case,
NEE SET::
What ;ould that amount to?
»R. FTNCH:
Some $500 or up.
JUDGT SSTH:

Whet is your oninion as to the adoption ol these shorier hours, will
it result in any injvry to the »nil strin~?

g

YRR FPRCH:

In vou eninion, zould theas
3afely adoonted by this

succeatad heurs of paitine Bise be

16y AT reen s
RN SIS

Thalt s richt, bhese ave 0t o hours e owrve proososing,
JUIT T 5T

Anybtiaine farther?

VR. RO

There 1g one Yrins farther, 7iah T oai W% oxplain,  Jibh vogpeal Lo the




W, RTeer (eontti)

nroposal we havo made for holdin” the casine cenented for a certain
number of hours before releasin” the vressure, we have included in
this proposed order here an explanation of the term releasin~ pre=-
ssure - by that ve mean anv step or operation which would relieve
any pressure at the base of or outside of the casine gtrinr beinr
cemented,

JUDGE SETH:
That may hold pressure by pumpinc~ or plugein~?

“R. FINCH:
Bv oroper equipment.

JUDGE SETH:
If the pressure is removed too soon, what woulld de the effect?

MR, FTHCH:
Could result in some back flow of cement.

JUDGT SETH:

In other words, you mwan if it is removed while > cement is still
in liquid form, it might flow back up?

That is richt.
COMAISSTONER MTILES:

The longer it is set, the more apt it would be to be in place?

MR. FIMCH:

We have another witness that will rive some date on the actual
getting time of cement to show the time we sre proposin~ here
is quite adequate to allow the cemen®t teo set uo.

JULGL bl
Governor, the rtles of evidence don't apply in these hearines,

GOVRYOR MABRY:

-

You vmnt to ret trhie rubth thare vl net cover it unt
JUDGE ST
~

To ret ot 14 andekly 45 whe main thin-e,

AN RN Yrannvy

femnent dorsn't sel in 24 howrs very -cod.

Dont't reaguvive ihe da-ros of sebhin- for T 34 a1l Aty
circumst~nces., 7T cuags soiebody else will tostif aboul thet,
TROV LY O e, 2, ROV O TRRIS:

(After bheinr duly sworn, 1re Perric bestified az Pol cwrs)

what 1s your npin?




YRe FURARTS:
Re Floyd Ferris.

JUXGE SETH:

Your profession?

MR. FERRIS:

T am research engineer for the Stanclind Ci1l and
JUDGE SETH:

State briefly your traininc.
¥R. FERRIS:

‘lave a Bachelor Decree in Petrolew: ®nrineerins from the iniversity
of Oklahoma. Started to work for the Company about 12 yvears avo,
served two years as enrfineer in field work, after wiich I was re-
moved to the Research Department in Tulsa. Durine the past 9 or 10
years I spent most of my time on well composition problems, par-
tieularly having to do with the cementin- phase of well composition
problems.

JUDGE SETH:
Does Stanolind maintain a production labvoratory in Tulsa?

MR, FRRRIS:

. -
4T Dy S LL e

JUDGE SETH:

You have conducted tests on the cuestion tefore the Cortiission, have
you not?

MR. FERRIS:
Yes, sir.
JUDGR 3ETH:
Did vou put your findinrs at that time in th» ferm of paper?

1R, BEURRTS:

.

Yes, sir. Tn Cclobar 1945,

JORG™ SUTH:

Fave you & cooy of that arkiele? T believe you wrote abouvt mathods
for determinine the waitine on erovent time. - "Vethod for vebternin’n~
Yininun Walbinoeon-cziont Tine',

2, PITRIRTS:
Yes, sir,

JUNGS 30T
e wenld like Lo introiuce this pamnhlet as Sxhisvit "2 ‘n thils cosn.

Yave vyou conduched mpony Leshs en £his orobhlen?
TR RITE

A BV

e tove conicted o poriee of Loobt oo Ihis ovanlen,  The bohavienr of




aement, net anly (0 e Sloid ghade oond
in tha vopapr von refer fo,

TP TR

~ 'y : - ~ b 3 -+
Vars hecra seads p covmary 0 et nerer, T wd @ e prov Ll peed 3+ o

the Corm” 7' one

VR, OWERNTR:.

"3tanolind 0il snd Gas Comdamy has mein en evioncive studr »f
chemiaal erd physical nrovertiss of cemnte orer the nost
~averal years in an effort to secure a belter vnderstandine

of the pérformance of cerent in vells. The chemicnl make-up
of cements ‘5 s comnlex c'hiect; however, the vhvsi~al proper-
ties ~nd ovhraien] heharior af cewent arm ~nav to cowmrehend,

"rpor t’xam“lf’, whoes e ie :»;.,“.4-‘\:'-:1_ L0 A ramnk %-,‘n_‘-: gy

thus Cormed will vemein flnid for o »ericd nf tine, then ‘%
will rradually stifren, set, and ~ain strenrid, IF the semnent
slrey is azitated or oymped for fust 2 apert bire after it is
fornad, thisk zels or felse body ~vstems will develon in the
slurry, ~iwinr it the apoearapce of a partially set cenenrt,

This behavior is sorehimes called false =et, The cement Sn this
stete is a seni-plastie and artrinlly nrssesses sore hnnding
stren-th, Iawrever, a s)li-ht vibretion or mevament of the cement
before the 'initiel set occurs w311 cause the nement to revert
back to a fluid stete. After cement talves » ®inal ent it assures
the oroverties of e =<olid and camnot arasia be reduced te the
fluid state, After it hecrvmes a solid 1t resists distorticn by
the emount of its strensth in shear. Yhren a fore~ or vressure

is amnlied to it whieh is =reater than the chearir~ strencth of
vhe seieaby TR osimply beenltz, cracls ar ervmibles. Therefars
since the rericd hetyween the iriLial =0t and the £ip2]l seh m
the trangsition from r £Inid shate fn a golid
vroved that cement in a well at +he time of

o€ Arillinc, then the time tn the dewvelcoment of that phvrsinal
state in cement® vionld e the avsolrhe miniqms 00 tike,
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"It was reasordn: alon~ such lines that n-omphed the Stanclind
hl 1 t L

~ T A e m b -
FN DAL L s

.
ad in the field “ap o =ore seifentifin answer o 777 time nrob-
lems, The paper entitled ™ »thod for Deterainin- W -iaun Faitine-
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"a51lewine this develeoment, attentien was barned to Bhe
thouht of conlun~ting f3eld tests he verify the leboratery's
si+~estion thet the mi=iimum asfe W00 Yine is the time of the
~innl set (8 p.3.d, tensile strencth), Pefere field tests
could he condnsted, however, means hal to bte devised for ec.
curstelv determinins when the final set of cement will ocenr
in a well., Tais probYem was easily end econveniertly rolved
Yy ntilizins the well established fact that rcement sharries
liberatr h9at more rapidly Aurin~ the settine process, i. e,
dv=in~ the fIvid-statc-to-solid-stete treomsition perisd, than
et amy time before or aftsrwarls. Laborehory 4teats established
the fact that all the cements tested wonld atinin the firal
~o% (2 nis.is *onsile stren~th) Yy or before 2 pericd cor-es-
pondine 40 1,5 *ines the time to the polnt of meximumr heat
develorment in cement. Field tests wwere thep conducted to prove
thet the treat of hvdration o cemert slurries in anv wel) will
heet drilline fluid on the irside of th~ casin~ to the exhent
that, when the casing is shuf in, the nressvre ot the surface
will “rerease and reach o merimum elmost simultaneously with
meximum beat develooment of the cement n the wells The field
tests net only wroved this thoutht bHut also oreved that cemont
may be drilled any time ¢“ter it reaches the final set or £
Da®sie tensile stren~th,

"Relating the stren~th develenment of cements to the heat
of nwrdration during the se®binz prosessses wes cne of the most
important developments of this work, since it provided for the
first time a means of Adeterr’-~in- the rate r* which cem~nts
acthrlly set in wells. The heat cenersted by cement dvrin-s +he
settinsg processer has been known for years arad has heer used in
comnection with temperature surveys 4o locshe the top of cement,
hut to my Imerledee thie s £ha Sirad L3y 3% “-5 bas

W3 O5ASN Tanlojed
in the more broad senss,

"This method for determinin: mimwum W0C tire hes bean nged
*n ¢ nunber of flelds in a “onbtire menner €nr ap~roximetaly a
veary, To my knoviledes there as been no ense of fafilure
attributeble to drillin- of fhs vlur *on esrly,

"Thile there are serern~l sdvanta~es im usine o formila
for deterrminine riniemem 70 time d.2., 1«1/’2 times the *hime
to the meximum chut-in cioo o ocgeure, it has the disadvan-
taze that leaky casinshe»? cornechions or ~thar leols may
nravent the normal nres~are Hiild-un on the casin~. Tihen
this onecrtrs o a Shannlird vwll, 2r alternnte me'™od for
defermiqing nindare WOO tine is nonlied ich ie Yasel ~v the
1imit of nummebilitsr of cemant alveeies o% ke WM pregsorvaes

vt farmerstrca v gl daticon o Lhoes vhiieh exist in Ehe
ropace 1l et oavpr depth, ooy, 3ipes Safapration A7 e
T 5

Lher Tros 1t ot ey ave 1ol e Lo n} 1 naereinrs, 3G ds

nelievad fhet the =dinipoes 707 Hion 2nanld e Yaaed gy Pletl
Fioe . Al Jangt fep tho spoaant Bimn,
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A aneaede e T S A b T ey
Vo s 11 ) ety 1
N . )
St e oaeelje 6 oreh deyn AR araipe an Nodan,
L AT A | } (B o e )
Siten tpesnopea Upa, Drillie - {7 e
Surtene Fian 17 D
Tagore =13 oo 24 i
] : ':','i”‘!“' bR Kial




Minder pressure in this ecnase has referenae to the oressure on the cerent -
not necessprily the pvressure on the ensip~ at the surface,

"These times are =enernlly somawhet rreater than those which wonld be
obtained bv the pressure build-up method.

"The Texas Rallroad Mommission has adopted these WNC time practices for
several fields mnd it has overated almost e year without difficulty.

JUDAE &7
You have made a summary - Mr. Ferris T believe your method of
determinine the setting time 3is based on the theory thet cement
when settine cenerates heot?

MR, TFRRIS:
That is ri--nt,

JUGE 33 TH

And this heat is cenerated throurh the vipe into the fluid in the
well, and builds up pressure in the well if there is no leak?

M3, FERRTS:
That is ri~ht,
JUNGE S¥TH:

Your experiments in the laboratory showr the hirh point of the build-
up of the vressure is about the time the cement sets?

P, FERRIS:
It is between the initial set and the final set.
JUDGE §=iity

Your experiments show thet 1% that lenctr of time 1% took to HuilA
the "izhest pressure wouvld «ive a safe marpgin?

tR. FIRRIS:

TE e huild ap of She poesenre S the onsic ras T obeseg, e
N e - U LN e 7, L "
forrmla 2nl of b wnald ARE Lo 12 nnvrs?
A TIRTQ .
Y, TERaTSs
Pued dg piobt,
; 1 oo
r - > ~ ol 3 . . L . - . . » -
Yar Ava getiafio ] Ppeyes vy 1%_"\“1‘»‘-,(\"‘,’ S noprimente -‘;‘_,\_:x._._ R A
AL et




JINXGE SKETH:

On papre 12 of your printed paper, there are listed 10 wells in
Texas, end one in Oklahoma, one in Wvonin~ - those firures :shown
there are actual field tests are they not?

MR, FIRRTS:
That is rizht,

JUDGE SETH:

In each instance showins your formulo,was there any difficulty
encountered?

M. FFERRIS:

The only difficulty was not being able to drill the cement cut as
early as we would like, to prove the methcd,

JUDGEE SETH:
You did not ret to as ranidly as you would like to have?

MR. FERRIS:
In a number of cases we came very close to it. Tnone case it
was between 12 and 13 hours. For all practical purposes we would
check it.

JUDGE SETH:

In addition to these 10 wells, have vou had experience with other
welisn?

}’Ro FFRRIS:
Ve heave run a number of tests, which I beliews snother witness will
describe, and I have just seen reports come throurh company channels,
on the routine cement jobs that are bein~ presumed in other sreas
where no regulations agply.

JUDGE SETH:

Tt has been adopted at trhis tire?

MR, FRRRIS:
Yoo, sir.

Dklahoma has never hal enr re~nloticn on The subhiect?

Hot Ao ey ledsae,
B 2AARTOR AR LI

B

Nor Viroaine?

Mot to nv kroewledoe,

it TRt e

Lovisiana?




JUXGE SETH:

T™n addition to these wells, the tests have been made Sir mary
other wells, have they not?

Re FERRIS:

Yes, sir.
JUDGE S3FTH:

Do you recommend,from vour experience in the laheratory, from
the tests made in the field - will yon recommeni to the Com-
mission that these hours experienced, and set out in the
Petition, re adooted?

MR, FFRRIS:

T wonld,
JUDAY SETH:

Anythin~ further yocu want to add?
¥R. FERRIS:

T Aon't believe 3o,

COMMISSTIONFR MILVS:
What would be the result of the damacre done ¢ it wasn't in

there - not properly set, Aid not heve the time to form as it
shonld?

MR, FERRIS:

Another cempnt job wonld be required, but enr past ein~rierce hirs
been thet once cernent has se+ it g fixed in Porm. Ffer it
hardens and goes into that solid state, it attains thet stren +b
necessarv to support th~ pipe and enable s to ~o aheed ard A4rill
witheut waiting 72 hours-or a week would not make the cement serve
any different ovurvose. There will continue to be cement failures
that can be brought about for ¢ number of reasons. But weitine
will rot makxe muad tuwrn over tu cement ard set, €or taat reason we
believe once it eftains that rintwwun stren~th, the strencth it
2TTeans arfter that by the herdness is of me partieoler advanta-e,

TINE ST
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JUDGE SPTH:
Thet is all, Y believe,
COMMTSSTONSR ¥TES,,
What is the difference hetween W'" tiwre and flat time?
MR. ERRIS:
Ry flat time we have a fixed veriod. B7 this formula it wonld
be variable time. At the shallow it wuvld take e lonrer time
because of the lower temperesture and pressure. This pressure

would occur later,as you o down to hisher pressures nrd
hizher temperatures we would have a variable time with depth.

JUDS™ SETH:

The time wvou ~ive, is ir your ‘$udement, safe on gll types of
conent?

*R. FIRRIS:
Yes, sir. Tt might appear to one studvine these data a little
conflicting, but the discussion in the paver and what we propose -
The paper we discussed the deeper the well the faster the cement
will get, dus to the hirher presshure and tempersture.

JUDGE SETH:

The time berins to run frcm the time they bepin ovumoing cement in
the vwell?

R, FERRIS:

Yes, sir.
JUnae 5emi

sw Yon~ deoes it toke mn operation of that kind?
MR, FURRTS:

The sctual £i-e ig rarely over 30 minutes and the job is

tnonallr samnlatrad wdthin an heanr.

Thevonab Ehe cement Sn bvoa nlve on ko of AL end hesin oopnins
nued or yeber of Lov of that?
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Y2, FEURRTIS:
It will varyv with the helisht of cement which is backed vn on the
outside. Ten pounds of mud on the inside, and 16 pormds of mud on
the inside, the hi~her you reise it the ~reater will be the pre-
ssure to pump the mui down. The pressure we rescemmend heldins is
that pressure necessnry to keev the balance, ile want Lo be sure
nothine will be released which will allow these to enre hack
before the cement sets - vntil it has attained its final set.

Any other questions.
EXAMTINATTION OF YR. RALPH L. GRAY
(After being duly sworn, Mr. Gray testified as follews)
JUDAE §=Te
Steate your name.
¥R. GRAY:
Relph L, Gray.
JIMGE SFTY:
Yhere do vor liwe?
WR. GRAY:
Habhin,
JUDGE SETH:
Dy whom are you employed?
IR. GRAY:
Stanolind 041 and Gas Compawny,
JUNGE STTH:
Givre ~ brief stetement of v~ur training and exveriernce.
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JUGE SKTH

Have youn conducted, or have there heen ~onducted nnder your
rupervision, some teats in rcorucction with this metter of
waitine time on the cement?

MR, ORAY:
Yes, sir. We have condvected tests op a total of 5 wells -

4 wells belonging to outside opersators srd one well for
Stannalingd.

JUDGE SETH:

Tre test on this Stanolind well - will you state what well that
vwes?

¥R. GRAY:

The test was made on Stanolind's State-8, Well %2, ir the
Drinkard vorl,

JUDGT SETH:
Tave yon the data to show the result of thuat test?

M., GRAY:

Yes, sir. At this well 7-5/8" casinr wes cemented at a depth
of 2086 “eet, usin~ 500 sacks of standerd Portland cement,
After the casingz was cemented, a record nressure gauge was con-
nected to the cesing head so as to cortinuously renord ths
pressure within the pire. We have » curve we would like to

introduce, showin~ the vressure from the time the first sack
of cement was mixed until te maximum pressure was obtained.

JIMAT SRTH .

e would like to irtroduse this curve as Sxhibit € - showine
the building up of the pressure,

YR, GRAY: Thet is rienht.

JUDGE SFTH:

Tre bottom shewrs the time snd the left-hiand side showrs the ovounds?
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and we rot rnecial

time was less than the repulation eelled for,

eporoval to continue the experivent.

JUDGE SETH:
The dbuild up nf the pressure & hours after the first ruwning of

the cement?

1R. GRAY:

YPS. sir.

JIDGE SRTY:
WWhen 4id vou berin to core?

YR. GRAY:
Fourteen hours, 45 minutes after the first sack of cement was

pirmoed,

JUDGE SRTH:
“as the core obtained?

R. ORAY:

1
A core was obtained and a recoverv at the surface was made 18 hours
7/e have as evidence a specimen of

\
after the well was cemented.
that core.

ere there whnen the core

JUDGE SET:
Viere Lng same marks cut on the cutside Lhau o

was taken?

MR. GRAY:
The only chanze in the form is & little ssoraving on the side that

was done in order to test the nardness of the cemens.

that core when it was taken?

ihat was the conditi » of t}
12, GRAY:
The quelity of tre cemert wes =end, 1t drilled the s=in pnd the
strength g suf ieient to suponrt tihe ol L of tThe dviiline nine,
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T oyeur eninfon, wes that cewent set o the extent Blet the
drilline eould safely rraceed abt that tiwe?

Yese I thin¥ the aienificant thin- absut this eore is that

we were able to recover such a larce piece ot all - undoubtedly,
the cement hed teken form, otherwise, it would not™ave heen
vossible to hnve cored ud recovered sueh a lrree piere if it
had not set.

JUDOR SRTH

Vau speak of other wells « on which tests were made, were thev
other Company wells?

Yes - we assisted in nakine tests on the Howan Drilline Comurny
w1l LIS, 420 alee the 211ienn YL@, Y7 and as 8 matter of

faat, two tests wers nade on L1197 ~An ROLHED

RTINS L

Con Tou ~et roenlt 03 those testa?

fn the Fllaphurser 15, <2, 7" gcw’s ragsgdad 21 5 Jdouth or 5,350
Tees with KGO sacks of cement,

Yes, sir, the oil string. The meximvm oressure was recorded 8
hours after the well wes cemented.

JUDTE SETH:
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TR, OGRAY:

Ho, sir, not et alle The drilline cerried ont in a nornal umenner.

JUDAE SETH:

Anderson-Pritchnrd have made the test on several well~ in Texsas
have thev not?
. GRAY:

That is richt. e have been advised by Anderson-Pritahrrd that
nement plurs have been drilled out nt = totel of 14 howrs in
Texas, at approximately 24 hours £“ter cementir~ an?® in no case
wns there anv failure in cementing or cncin~ - -

JURR SETTy

fre They suprosed to have sent vou the reovorts or those wells?

1R. GRAY:

I+ was their irtention to present this information in the form of

a tabuletion, and it is enroute. T am sorry it did not arrive
in time to presert it =% this time.

JUNIE SETH:

We ask permissinn to file it with the Comnission when it comes in.

Phere is another well, one of the Tontiretel wrlls? -
Mr. GRAY:

That is richt.

JUBGE SETY:
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The drilling crew keeps nn the payrall durine this weldting
preriod, dees it?

MR, GRAY:

Tn neerly =11 coses that is the practice,

RXAMTNATION OF MR. £, V. MoCOLLU™
(After bein= dnly sworn, Mr. Mefollum testified as follows)
JUDGE §RTiig

State wvour name.
R, MaCOLLIe

S. Ve MeTalliom,

JUMIT SETH e

Give a brief history of your experience and qualifications.

IRe McCOLLITN:

I regeivald a R.G, Aesras: from Texas Tech in 1040, Sine=s that
time have been emplcred by the Continental 0il Compeany as

Petrolewn Engineer, Durin~ the last three years heve been in
charge of engireerin> work ir Test Texas and Wew Mexico area.

Till you ro ahead end zive the well end tests on it?

IR, VelhnIanT:
Our test was corntinued in 2 sirmdlar manrers of the one on the
Torkard A-3%- Well nunbdf 3 Drinkard test was onlv intermediate
strinz, 9-5AR" set at 2,575 feet with BOO sacks. “acordins
oreagsure xa7e was counected te thne well head after the cement
had been pumped down. Two ccres were trken, one after aporox-
imately 12 hours. This core we recovered at this time was in
gmrll oieces, were “airlr well sel " but were sti1) where aonld
t2 nepsidered rre.n, The second core weas taker sonroximatelw
35 rours after tha nlus »ad bheen pimged dovm enl epn excelleont
care recorerad Prom it.  The pieass vary from M da A iy Yancih,
i These eores, vov cod nob soreteh thert with thwe fin-ores, ceould

ke cnarke vy 2 brose Kew,
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Tn vonr opinion,was this veriod recommenied by the Stannlind -
would it be rerarded as snfe *o ~2 rhenad?

W, MaCOLLINM:
T +hink so, sir.

JODTY STTEry

We world like to put Mr. Ferric back on venr onestion, Governor
Hilasg,

(v, Ferris returned to cive further testimony)
JIDGT STl

Mr, Perris, vou heard fGovernor Miles'! onestion %o “'r. Grav
as to the advantares of shortenine this time?

MR, P23

Ves, sir.
JUDGE SWTY:

Thet advantares other than the savine of cost world it he?
YR, FTRPTS:

There are no other advantages other thrn that the orerator will
be able to ret tho well on nrodushion soms two doors cerlis
he would otherwise, That quite often is a decided advantace,
Another thin~, when cement is ~reen, when it has not attained a
hi~h derree of hardness or brittleness, it will withstand shock
without sufferin» frectire or demnze rore reedilv than will 2
cement thet is extremely brittle - to make an an-lysis, vov can
take a hammer cnd crack ¢lay, wrereas if your window vavne Js

of plestic meterie), it will stand aonsiderable force without
creckine. There is quite a belief now that/F7 miite imvortent
in tekine advantare of that in certai=n twpes of convletion prok-
lewss liot only from the stendpoint of sebting o cement, hut
alan scre consideration Ls now bein~ ~iven to nrevent the same

thin~ at early aves exvactly for the sens reason,
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MR.

LT
T shounld like to call 'wmon sore of the tests we ran in conmection
with the casine whish was backed np ' ocement sete The anme as

we nave in o0il well - set these teats uwn to stndy Yhe pehovicur

or the reacticn o* the cement to this choke or “nree broutht by

tre bulletin~, Tn those tests we set un r series of anparatus

whinsh consinted of 5" casing =set in an 8" hole, then filled with
cement, surroundinr~ thet we had conrcrete, o hard formation.

at 1M te 15 nounds we Tound the blast would not ecreck or shatter

the cerment, but in thr ~reen cement we “ound we would have hotes
blown i™ the cement 21 ta 3 inches in diameter. We found when

the cemen* attains a certain stren~th of around 150 pounds - tensile
stren~th, then the hole mrde “v the bullet would be th~ same size -
the bullet would eredumslly become smeller and smeller and after
aroymd 300 pomds erscks and shatterine would set in. 7T believe
thet interval of ~reenness of cerment or plasticity - thet nhysical
et wonld allow it to ahsordb tre sheck with the condition vhieh
exists after the time of its finel sot -« or to hetween 150 nounds
and 309 vounds, 3+ wn1ld berin to border on that derree of hard-
ness wnere shatterinr ani »raakin- mi-ht set in,

SPTRRTER:

Lets convert that %o the time in hours - from 8 nounds to 150
ponnds.

FERRTS:

To convert that to hours I would have to hkrow the twoe of cerent,
the wrirht, the temperatiyres and oressures « jinust for rough fi~ures
temperatures and oressures should normally be encounterecd on the
~rrface oire, I would sey we would have 150 vonwnds tensile strencth
perhans in the neighborhood of 48 honrs, Those ere juvst off-hand
fimires, it would be in that rezion T think. Arain it vould devend
on the trove of cement. ™Then you <~ dowm to 3,000 feet, 182 dorracs
tenperature, 5,700 ncunds of pressure, that condition which for »
time mickt te drepped to 12 rours.,

JTUDGE SETH:

Anyone one else care to be heard?

T theusht it viovld te of Snkterest to the userz and cperaiecrs to
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+ests nresented Lo thue Cownission, Our vitressine was darin- fhe
early étumes, and out of the first deren less thon one-nnlf
obrtained set - results vhich were conoerable hto the laboratory
tests, primarily de to meehanicel failnres wnich does not vec-
essorily disnrove the test would net net,

Tn June of last year the matwer was cireunlarized aont 19 mador
cormenincsg oneratin~ in Lea “ounty, and I heve lehiers thnt were
received by Rowan drilline Sempany with respech to redueing

this time on federal land, ard the a~reerment of the majority wes
for a waitin~ of cement time of 24 heoure on conductin~ strinc and
43 hours on intermediate strin~ and vrnduction strins -

The Srell, Mid ~ Zontinertal, Anderson-Pritchard, Phillips, Skellw,
Yarnolia, Rowan, Tidrwater Ass~eiation, Continental 031 Cempany,
Sinclair-Prairie, Amerado Petroleum Corporation, Texas-Pacific Teal
0il Companvi Stanolind presented prectically the seme proposition
they have petitioned to the Commissions« Timble 01l “empany, Gulf
0il Cormanv; Texas Commeny ~~reed to the same waitin~ on cemant time
out ircreased their releese in pressure time.

These have a~reed to that time does mol nenessarilyv bind thenm thev
do not agree Lo the lesser tire under veur petition, T think that
melifieations should be studied in 21) fairness. 7o intend to
keep 72 hours as a renersl requirement or federal land on cement
time to cover base cementine jobs, "t wheve a case of cement of
circulation, we are acreeable to redure the waiting to 24 wurs, on
surface casing and 48 hours interrediate, and vroduaction strinesg
with the condition that additional cement recuirements be made that
the surtace casin” be cemented by ciravliation tn the svfact eor
rr=filled from the surface if necessars, apd that suf? eient snievnt
of cement he used on interrmediate wrodnetisn strincg, As o minioaem

on volime, wo fi-we 16N font 07 4he ~nlsulated volime nparsany:

or after a ealibre surve: fa vn, 110 feat of coleouleind volupe mnv
be used - ~ivin~ credit for the expensze and addi*Ianql informetsisn
obtained, - inirm reauiremesnd world te the Aase of the firm
reco~=% =i the fact thed 3% 3¢ ret alweys nracticel.,  APtar farthe~
accnsideration of redvein~ this time, we are inel din~ a pro-isicn
reanieinrs o evrmay e rede detarainine the heirht of cement hehind
the pine, Thabt information i3 wery desirable, not only from the
determination Prom the cmriint of cement, bubt alss to orevent rore
ra3inon of nine Phich hes become a larcze factor in the older
nroducicy wells in Tea Coombrr, and oressars test shall e pnde,

T merelr wish to presznt this es inferackine =n ihs aperater- misht

neoApToraed,
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that could possihly co elininnted,  Arother thoreht $a that the
laboratory tests we'te no refersnce o Lthe uee of vater, 7o do
know the quality of water has a lot to do with the settiar tine
of cement, e hnatl a wvarience 1. weber ured v operrtors in
Tea Comty, the major comoanics 1vill renerally assure satis-
factory water. Some of the other arer:s =icht net he able to
relv on the petition.

W.e B, "TUBRARD = umble 731 Company

The "hrmble 73l Company is in fevor of the pronnsed rednetion of
cementine tire.

SPURRIER:

Tren, Gentlemen, T ess'me the Commission is expected to promul-
~ate a suitable order with the facts and ovinions which we have
in the record now, T miprht add the Cormission will not apvrove

or disapprove the recoendations ard the case will e teoken wrion

advisenent, and a suitable order pro-ul -nted.

This concludes Case No. 99,
ATR20D:

The 7ulf pronnsal, T think, can he disvosed of in a very few

minukes,

CASE YN0, 91

YR, ATWCOD:

Thi=z applies tc modification of existin® oil wells relative %9
fire walls,

TESTTXONY OF *R. L10YD L. GRAV:

(After beine duly sworn, Mr. Orasy testified as follows)

ATTOD:
State your name,
GRAY:

Tloyd L. Grey,

TMmere do vou reside?
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RANIGERRE!

Chiel rrodusticn an~inesr-,
R, ATYRD:

How lon~ have vou had that position?
MR. GRAY:

Approximately 19 vesarse

ATWOOD:

Mr. Gray, will you state to the Comnission what you heve to
offer with reference to this metition?

Eq' (“Rj.“.‘?' H

At the present time, it is - reguirament thakh storaze tanks be
enclosed in fire wall capacity 1/3 rreater that tne storans
tenks. T was present when they had the discussion and hesrinss
with reference to the matter, As 7 recell, ther 4id not zive
this narticuler matier a grent desl of ~orsiderstion, In other
words, at that time it was prretical in o*her strtesg te have
fire walls - onractical in other states at the time th~ statute
was enaocted creatins the 0il Conservation No~migsicn. The re-
~tirement in other states, I beliewve, weas more or lass outreded
at the time it was adopted. Original tank ladisrs did not have
tops on them, did not have vent lines so theot the bazard at
this time is newhere naar the hazard involved at the time *those
ordinanses promulgeted in other statea, Cur vrovessl s tha® the
order reauiring fire walls he rescinded exeept for the tank vhere
ies ars withi=n 580 feet of lobabited dwellines or Risnways,
or 1,000 feet of schonls or churches, Anv vublie building where
a substantial mmber of peonle work or rather,

Yfe have heen operrtin~ for bebween 11 and 12 vears =ince the
order wes vromulyeted snd we have & recerd n® onlv one fire i
that time « that has to do with Gul“® only, and 1 believe at
this time we have about 230 wells ir Yea County. T believn it
is an unnecessary investment., Our recnris jndicate the inwrest-
ment in fire wells cost 3150 ner two *tank hatter:, will irrrease
250 par tenk in the batteryv. A romoilation of our corh of
maintainine fire wells shows direet oners®ine sharces mrmainet the
business emounts to 380 per tenk ver year, Tn aiddition, there is
cometimes enant hy the Pymner or other nmplovrees whese tine are
not chareead divecﬁlv; the amrell aost o”Amaintmininﬁ Tive yalls
probably excer2de 380 ner wvear, e feel elinipobica of fam'c pebbers
: will not ernge vnda havzerd,
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MR.

v

YR.

STEOD

No chance far snv escupe into streems in les Counbtw ig t32

TRAV:
N5, T dontt believe so,

ATROOD:

Cne other ~uestion, ir other stuter do they hove this?

CRAYs

In Michiran, I believe thet ig corsidered v» there.

ATWOCN

verld the Coriission like snvone to erk fir.

(No questions)

Do von have anw factral dnta to submit?

GRAY:

e rave made a compilation of construction cost and brought
it down in terms of twn-tank baiteries - mirht be of interest

to the Commission,

TRSTTHMONY 07 R, McReithan.
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I have prepared some notes somewhat alon~ the line of lIr,
fBrevts testimouv, excrpt they probably ro into more detail,
Stress some of thephases other thar the fixinz and the
wnnecessary expense, Don't think 3t is necessarv to =o
throuch the first part, but vwuld like to mentior £m2 of the
disadvantares other than economical disadvants~e,

My company has come dafinitely to the connrlusion that fire

walls in a ~reat many cases, over larre areas, particulnrly

stech as in nost of the lew Mexico fields, are a definite
Aigadvantare for the reasnm thev prevent nrener drainace
conditions eround the tank hatterv, vhich resvlt in exierier

corrnsion ~f tank bottoms,
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viien von have this wrll of considerable hei~*+ svrrormdins the battery
and +the staivrays, wherces i€ veur crourd fs level avonnd *he touk
batterv, it is very simple tr maintain and ¥ake cave of vour

CRALAA

*R.

wm,

MR.

iR,

b3z A
SUTe 4

ingteJllation~,

SETAIMR MTLRS

Thwe wnll Aces nnt inkerfore with mainfeinin- your tank does 167

MeXETTI AN

VYo, air. They run extremely {ar away -~ thev are wav in the very

reer »roximity of the installation itself.

I think a re~ulntion

in New Mexico ealla for an encloaure lar~e enocurh to hold 1-1/3
times the calenlated wolrme of the tanks.

These additional nrovisions, we ere veryr rich interested end in

faver of remavir~ that vart »f th-

randatory in all cas~s to construct
Tn Kansas and Orlahoma we rnt elon~ very nicely withouh
Tn meny ceses in such a larre nercenta~e whers

batteries,
that requirencut.

.

c.ner~l rrle which nmakes it
“ire wells arovnd tenli:

it i5 neecessery and desirable to have nroteectisn erouvnd the tank

batterv. Tn that case it

tection,

is un te the operator for their own pro-

We should like to endorse and ur-e the “omuission te sdont the
recormenrided chan~e »3 pronnsed by the Apolicant,

TEQINY PATToE

Ts it intended by rescindines thi

toin the present ™ire wells?

ARAYS

Thet was our irtention.

ROST2? TORRELL:

s order ¥~ will not ha—> to maina.

T feyarable nonsidersticn is siven b the Commiss’on of this

epolication, T
statinr thet this order be
lished municinalities,
ta achiends snd enurches.
federnl marls,
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LEGAL ‘NOTICES

State of New Mexico, - NOTICE OF: N

County of Lea STATS.OF m
The Ol i

vided By Taw, bl on, |
Rebert L. Summers Soe o e femierely gives
______________ Publisher f‘? be held st slnh'!'e? Rew Mex-

AFFIDAVIT OF PUBLICATION

Of the Hobbs Daily News-Sun, a ico;-at 10:00 A. M., January 10,
daily newspaper published at Hobbs, 1947: v e

New Mexico, do solemnly swear that ?" *0 { the &

the clipping attached hereto was h thoumat::l‘dli)né eo.qppu:d‘ i
published once a week in the regular for  moditica-

and entire issue of said paper, and ‘ton of the rhales and
not in a supplement thereof for a latioha of the ission
. with respect to. the pexisds
period of e prescribed £ waiting on
cement in cdumection with

1 issue /71 the ecementing of casing.
R . . weeks. Case 91 J , :

In the ‘;l;at(t;ennofo 1;.hec appli-
beginning with the issue d , cation il Cerpor-
eginning with the issue dated . . ation for the.p nigation
of an Order. revising Rule
15, Gereral Order No. 4
“0il Tanks and Fire Walls".

and ending with the issue dated . . Case 92 '
: . In the matter of the Appli-
v, D@ 2 . .~ 19 LG cation of Gulf Oil Corpora-
Py gon fcard the issuantge otthu
" N v ) pecial Order permitting the
Lty /ﬁm&”y‘é% g production of more than one
: horiwén o#¥pool through a
. aingle well bore in tife Hobbs
Sworn and subscribed to before me - Pool, Lea County, New Nex-

feo. . . D
this .. 24th . day of .. C-o 3 C
s y e In the matter of the Appli- -

-~

ion of more than onse

e WU 9 1. Y c N cajion of Guif Oii Corpor- -

; p é , ation for -the issugnce of a

( KA e AVt Special Order permitting the
/ orizon Or pool through a

single well bore in the Pad-
dock, Drinkard, Brumson,
Jones and Blinbry Pools, Lea
June 25 = 19 5€ County, New" Mexico.
Casa -

94
In_ the matter of the Applica-
tion of Gulf 0il Corporation
for the promulgation of a .
General Qrder permitting
.and  conirolling production .
This newspaper is duly qualified from more than ope horizon
to publish legal notices or ad- or pooi . through a siugiv
vertisements within the mean- well bore. ) .
ing of Section 3, Chapter 167, Given under the seal of ¢aid
Laws of 1937, and payment of Commission at Santa Fe, New
fees for =said publication has Mexico on December 20, 19486.
been made. ’ QOIL CONSERVATION
COMDMISSION
By: ({Sigited) R. R. SPURRIER,
Secrctary

My commission f%(p{res o

(Seal)

(SEAL)




But if your best friends

oty UL 0la-timen, e Ot t«ur

Fourself. Modarr,

Uhsanitary o1q wzm,i"' ve off tho::f
Nannel syt gpq
*hibping thage

b out of;

eloth your- |,
reindoor. The SR

State of New HMexico,

Affidavit of Publication

} 55

G Ba ELO¥Q )
declare and say that I am the (Business Manager) (BURUE of the. . Santa Fe. . ...
, a daily newspaper, published in the English

County of Santa Fe

being first duly sworm,

New. dexlean. ...
Language, and having a general circulation in the City and County of Santa Fe, State of

Walla”, W]
New Mexico, and being a newspaper duly qualified to publish legal notices and adver
tisements under the provisions of Chapter 167 of the Session Laws of 1937; that the
publication, a copy which is hereto atached, was published in said paper otumaninmesk
for....ona_time  CONSIoHED MaRE R W TSR R e TR
the regular issue of the paper during the time of publication, and that the notice was
published in the newspaper proper, and rot in any suppiement, ISETERth. Wik for
_______________ o jatimamwﬂ-md\mﬁﬂn_t publication being on the

\ QB0 day of... DRecember - 19,46, matreemmnpiie
Hovnonrden hoyrofim e IO that payment
for said advertisement has been (duly made), or (‘lel}Nd as~court costs), that the
indersigned has personal knowledge of the matters; qnd,thmgs set }orth in )th:s aftidavit.
< '/"" e -
PUBLISHER'S BILL @
- ' 08 Manager
”rf'SIlmes, one time at $&°O /‘{,&
Subscribed and sworn to before me this...... lt{’ ...............
HNes, ..oooenee QIHES, Sereriinaireennns /
d\?/ f\w‘uuvﬁk‘vk/ ............ , AD., 194 8¢,
- Tax $.ne
Pt . 4.08 e Aamain G Lt dhoda
4 : 5, Total . . . .. S Notary Public
f Received payment My Commission expires
T S . A




: MOTICE OF PURLICATION ool ot County, Rew Mexico.

MWA&, o&%ﬂ In ghlccalmr of the Application of [[od . f P bli M

- Gult tion fasusboe V l ca

l‘ The OiF Cagservation Commission, &Sphg Bpecial 0’%1 wn:&x;xsem ;rodugf a t o u tlon
\W”h'-mtmm“mdmmmnombm«wd
_,mlmmrmtouhemnhnu through & single well bore in the Psd-
VX New Mexico, at 10:00 A. M. Janusry| doek, Drinkard, Brunson, Jones and
Lm' 1047: Blinhry Poois, Les County, New Mexico.

. Caso 90 : Case 8 ss
A “In the matter of the application of In the matter of the Application of :

d Oil and Gss Compsny flor Guit Ot Corporation for the promuiga-

:

moditication of the yules and regulal
of the on with respect (0 the

General Order permitting and
production from more thean
through

periods presceibed. (95, T Soating | wed bor o wogle
meu ectio! - cem e, .
of casing. ng | WO O ider the seal of sald Gommissiol B (o MR , being first duly sworm,
| Case 91 ;‘t’ 31;!‘];[ Pe, New Mexico oD December
'\ aut ‘08 %uﬁn% g.pum‘::. | o "CONSERVATION COMMIBSION. am the (Business Manager) (Eupry. of the..Santa. Fe....-
_sion of an Order rgvutnl Rule 15, Gen- SBAL - By: (Bigoed) R R SPURRIER, . . R i
l:u.mw No. ¢ “Oil Tacks aud Fire \",“b. L) o 24, 1048 Sfmh"- .................................. , a daily newspaper, published in the English
o ———— nguage, and having 3 general irculation in the City and County of Santa Fe, State of
New Mexico, and being a newspaper duly qualified to publish legal notices and adver-
tisements under the provisions of Chapter 167 of the Session Laws of 1937; that the
publication, a cOpY which is hareto atached, was published in said paper O "
(e one time .. Riceling SRS SN
the regular issue of the paper during the time of publication, and that the notice was
published in the newspaper proper, and not in any supplement, OIS for
............... o neti"ﬂemym;.m.m:jymmﬁmt publication being on the
I 24%h.. day of.... December. ... L 19.46, i rehsT sy
wiyrammeen ... Yyeghim mmtﬂm ..... ; that payment
for said advertisement has been (duly made), or (assgssed™ qs~court costs) ; that the
undersigned has personal knowledge of the matter ;;-j/nd,thingS/set orzh in_this aftidavit.
;—' ~ ‘ P )
opusHERS BLL T/ SR
. £.08 / - Manager
f?Sl ....... lines, one time at g LN ‘é&
Qubscribed and sworn to before me this.... 7—’({ ...............
Hnes, -ooeeeeer times, S I~ , (p
: dxfae\'wuww\/ ............ CAD, 19488
'Z_\ 7 Tax s ! \/:// //\} N
. A 4,073 - \\/\/\/\/\/‘()’1\& "d‘-/l/l/\/l ....... QA .
I~ Total . . . - - Sk e

Notary Public

Ay Cogmission exnires
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'L CONSERVATION COMMISSIOM
SANTA FE, NEW MEXICO

December 21, 1946

¥r. Glamn Staley
Proration Offioce
Hobbs, New Mexico

Dear Qlenn:
Re: Cases 90-91-92-93-0H4 —= A1l set for hearing January
10, 1947.

Enclosed please find copy of the petitions in each of the above-~
capticned cases. Inasmuch as operators may desire to know ths
details of each petition, which, of course, cannot be set out in
ths brisf sbstrwoted notices of publication for hearing, which
notices have been sent you heretofore.

Very truly youra,-

Chief Clerk and Legal Adviser

CBL:men




J.O.SETH
A K MONTGOMERY

OLIVER SETH

SETH ano MONTGOMERY
ATTORNEYS AND COUNSELORS AT LAW
Il SAN FRANCISCO ST
SANTA FE.NEW MEXICO

December 12, 1946.

0il Conservation Commission
Santa Fe, liew lexico

Gentlemen:

I enclose in duplicate a Petition of the
Stanolind 0il and Gas Company for a hearing on

the matter of waiting time on cement. I hope the
Petition is in proper form.

This is a matter which vou have already
agreed to set down for hearing on January 10th next.

Very truly yours,

LV L
JOS:CB
kncls.




BEFORE THE OIL COUISERVATION COLILISSION

OF TIIE STATE OF EY [ EXICO

IN THE LATTER OF THE APPLICATION

OF STANOLIND OIL AND GAS COMPANY

FOR HODIFICATION OF THE RULES AND

REGULATIONS OF THE COMMISSION WITH Case No.
RESPECT TO THE P<RIODS PRESCRIBED

FOR WAITING Ol CErENT Iii CONNECTION

WITH THE CEMeNTING OF CASING.

PETITION

Comes now Stanolind 0il and Gas Company, ané statses:

That it is engaged in the production of o0il in Lea County and
other areas in the State of llew ilexico, and in the drilling of wells
for such production. It has come to the atiention of this Petition-
er, both from actual field experience and from laboratory tests,

i that the times now prescribed by the Regulations of this Cormission
égfor walting on ceuwent, required in connection with the cenienting of
éfcasing, are excessive, and should be reduced to approximately the
?5following periods:

Under Pressure iours Drilling Plug Hours

Surface ripe 16 24
Intermediate 24 30
01l String 24 30

It is the opinion of this retitioner that the vperiods specified!

_in the foregoing table are ample wnd that they should be adopted by
the cownission, and thebt if =2dopbed, the new periods will not resulti
in any injury to the wells o3 to the strata penetrated, znd will re—z
fsult in more expedlitious drillin:s, trerebvy szaving a large anouni of
wasted time in connection with the drilling of wells. Petibioner
is ready snd willing to present evidence, supporting the sbove
specified periods of waiting tise &t a hesring ordered vy the Jon-

"missicn,.




WHEREFORE, Petitioner prays that a hearing be ordered on this
Petition at as early date as is practicable, and this Petitioner
and all other interested narties he nermitted to present evidence

on the matters involved at such hearing.

Attorneys for Petitioner.

1
| STATE OF NEW MEXICO ;

88,
| COUNTY OF SANTA FE )

J. O. Seth, being first duly sworn, deposes and says that he
is one of the attorneys for the Petitioner in the foregoing Petitionj
that he has read said Petition, knows the contents thereof, and the

matters and things therein stated are true, as he is reliably in-

I

Subscribed and sworn to before me this day of December,

i formed and verily believes.

Notary Public.

‘ 1y Commission dxpires:

\
i
il




OIlL CONSERVATION COMMISSION

SANTA FE, NEW MEXICO

Decamber 20, 1946

Honorable Je. O Seth
Attorney at Law
Santa Fe, New Mexico

Dear Judge Seths

Be: Cass 9C - Haiting on cemsnt tims ~ Noiics of Publicawan

Bnclosed please find Notice of Publicatiom of hearing upom
your petition in the above-captioned case, which case, along with
four others pending and described in. said notice, is set for 10:00
o'clock A. M., January 10, 1947.

.

Very truly yours.

Chief Clerk ard Legal Adviser

Bncl
CBL:aem

—=< To = G2
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OIL CONSERVATION COMMISSION
SANTA FE. NEW MEXICO

Decexbor 20, 1946

Santa Fe New Maxican

Santa F“ Kew Maxico

Hobbs Daily News-Sun
Hobbs, New Mexico

Gentlenmen:
Re: Cases Nos. 90, 91, 92, 93 and 94 - Notice of

Fleatlee. —

Plsase publish the enclosed notice once,
Fleass proof-read the notice careiuliy, and ssia 2
the paper carrying such notice.

UPON COMPLETION OF THE PUBLICATION, PLEASE SERD PUBLISHER'S
AFFIDAVIT.

For paymeni ploase subadt statomont in dupliecata; accampanied
by voucher executsed in duplicate. The necessary blanks are en-
closed. )

Very truly yours,

Chief Clerk and legal Adviser

CEL:mam










