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FOREWORD

This manuseript was submitted for publication to the Okla-
homa Geologieal Survey by the author, Mr. John R. Bunn, who
wrote it while in employ of the United States Bureau of Mines. It
was originally inteided to be used as a Bureau of Mines report, but
it was necessary that this manuseript take its turn with other pub-
lications, so considerable time would be lost in approving and print:
ing the manuseript. The author in presenting the manuseript to
the Survey, hoped to place the information in the hands of those
who can best use it at the earliest possible moment.

The Oklahoma Geological Survey has sccured the services of
Mr. Louis Roark to write up the geology of the Papoose field, which
has been added to Mr. Bunn’s original report.

The director wishes to take this opportunity to express his
sineere thanks, to Messrs. Bunn and Roark, the authors, as well as
to Mr. T&. P. Campbell, superintendent of the Bartlesville Station,
United States Bureau of Mines, for his help and criticism in the
preparation for the press of this very comprehensive report.

Chas. N. Gould, Director
Oklalioma Geological Survey

Norman, Oklahoma, Deeember 1925.

Prompt Pub, Co.; Okla. City.
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HISTORY OF DEVELOPMENT

) The discovery well in the Papoose field, Simon No. 1, located
in the SEY,, S, SW14, sec. 4, T. 9 N, R. 9 E,, was completed
August 25, 1923, by the Papoose Qil Co., at a depth of 3330 feet, and

with an initial production of 400 barrels. :

The first producing well drilled in what is locally known as
the (lilcrease pool, is located in the NW1j, NW14, NEV; sec. 20,
T.9N,R.9E. Itwas drilled by the Gilerease Oil Company, and
completed October 6, 1923, with an initial production of 500 barrels
from the sand first penetrated at 3048 feet depth. Early devel:
opment in both areas was slow, several dry holes being drilled be-
yond the limits of the productive area. The average daily pro-
duction from six completed wells in both areas during the wee
ending April 2, 1924, was only 1337 barrels.

On May 31, 1924, the Berry Petrolecum Company completed
Alexander No. 1 well in see. 4, T. 9 N, R. 9 ., with an initial pro-
duction of 1920 barrels per day. During the week ending June
4, 1924 the average daily production had increased to 5,314 barrels
per day from seventeen wells. The bringing in of the Berry Pe-
trolenm Company’s well stimulated development in-the field and
six months later on January 13, 1925, ninety completed wells were
producing 89,814 barrels of oil per day. | This was the peak pro:
duction from the field and since that time the field has steadily
declined.  Till the week ending April 7, 1925, the daily average
production from 149 wells was 26,662 barrels. ‘

FIELD WORK

Tield work in the Papoose arca was begun in February, 1925.
This work consisted of first obtaining by actual survey the derrick
floor elevations of all wells. Tater other data was collected such
as the logs of all wells completed, water and oil samples for analy-
ses, well shooting records, evidences of underground water troubles,
and production and drilling statistics. ~ Since all the information
and data concerning the field was collceted for use in this report
by May 1, 1925, the report should be considered as of that date.

SCOPE OF REPORT

It is attempted in this report to present a clear, description of
the character of the ficld, discussing the operating methods used
in development and also the application and use of other recom-
mended operating procedure. It is intended that this will be an
aid to those drilling new wells or repairing old wells in the field
and that the information contained herein will have a good influ-
ence on operators in other fields of similar characteristics towards

recovering oi
mum of waste.

~ MecComber, and

GEOLOGY

1 and gas with economic conservation and at a mnl-

The- report is divided into four parts:
Part 1. Geology.
Part II. Drilling Procedure.

Part III. Production. .
Pg:"t 1V. Sub-Surface Water Conditions.
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PART 1. GEOLOGY
By

Louis Roark!

LOCATION OF AREA

The area considered in this chapter includes the south half of

. i es-
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}ions I(:\ the correlations of the Pennsylvania formations.
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8 PETROLEUM ENGINEERING IN THE PAPOOSE OIL FIELD

township ten north, range nine cast, and most of township nine
- north, range nine east within which the Papoose field lies.

PHYSIOGRAPHY

The surface of the area is gently rolling prairie land.  The
topographic age of the arca has reached maturity. 1t is well
drained and free from swamps, lakes and other characteristic
features of youthful and old age topography.

The relief of the area is about two hundred twenty-five feet,
ranging from a few feet below seven hundred fifty feet above
sea level along Little Wewoka Creek, to a maximum elevation of
over nine hundred fifty feet. The highest topographic feature is
found in the west-central part of T. 3 N,, R. 9 L., south of Little
Wewoka Creek in sce. 17.

The aren is drained by the north fork of the Canadian River
and its tributaries. The river flows along the north side of the
area. The Little Wewoka Creek flows through the central part
and is the principal drainage feature.  Little Wewoka Creek flows
castward along the south side of the Papoose field proper, empty-
ing into the north fork of the Canadian at a point chst of Wetum-
ka, Okiahoma, in see. 17, T. 9 N, R. 11 L.

STRATIGRAPHY

The surface in the Papoosc area consists of an alternating ser-
ies of thiek shale beds with thin sandstone and shaly sandstone
lenses in the shale. This scries of shale and sandstone are Penn-
sylvanian in age. The formations which outerop in the area are:

Seminole cbnglomeraté
Holdenville shale
Wewoka formation

The Wewoka formation is composed of massive cross bedded
sandstones, interbedded with shale and sandy shale. Near the
base and middle of the Wewoka are thin sandstone members which
can he traced for a considerable distance. The upper portion of
the Wewoka formation consists of many cross-bedded sandstones
which are very difficult to trace for any distance with any degree
of accuracy. Only the upper portion of the Wewolka formation
outerops in this area. The formation occurs along the east side
of T.9 N., R. 9 5, and covers the east one-third of the township.

The Holdenville shale in this area contains many thin bedded
sandstones and shaley sandstones but is primarily a shale forma-
tion ; the sandstone members of the Holdenville shale can be mapped
over short distances but no one sandstone bed can be traced or

GEOLOGY 9

mapped with any degree of accuracy. The Holdenville shale is
the principal formation outcropping in the Papoose area and occurs
in the central part of Tps. 9 and 10 N., R. 9 E,, in a belt three to
fonr miles wide overlying the Wewoka formation. The shaly
beds of the Wewoka formation grade into the overlying Holdenville
shale so that the division line between the formations can not be
easily determined stratigraphieally nor very accurately mapped.

Overlying the Iloldenville shale is the Seminole Conglomerate,
which is exposed along the wést side of the area. The Seminole
conglomerate in this area is predominately a massive sandstone
conglomeratic in places. The conglomeratic portion of the sand-
stone does not always occur in the same place. In some places the
conglomerate is at the top, in others at the base, and in still others,
may oceur within the sandstone; the pebbles in this conglomerate
are composed almost entirely of light eolored chert pebbles with a
sprinkling of quartz pebbles.
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PLATE 1I. AREAL GEOLOGY OF THE PAPOOSE FIELD.

gormntons shown obtained from advance copy of _Geological Map of Oklahoma, U. S. Geol.
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SUB-SURFACE FORMATIONS

The lower Pennsylvanian formation and older rocks have been
penetrated by wells drilled in the Papoose field.

For description of the formations penetrated by wells in the
Papoose field see U. 8. (Geological folios of the Muskogee, Coalgate,
and Tishomingo quardrangles by J. A. Taff; Oklahoma Geological
bulletin No. 2 by C. W. Honness; Bureau of Geology bulletin No.
2 by (George D. Morgan; U. S. Geological Professional Paper No.
31 by J. A. Taff, and Bauer and Clarke in American Association of
Petroleum Geologists bulletin No. 5, pages 283 to 292.

Below are given logs of the Kingwood Oil Company, Sands No.
4, located in the SW corner of SEV4, SW1, see. 35, T. 10 N, R. 9
15.. and T. B. Slick’s Dunson No. 2 in the SIE corner of N34, sec.
35, T.10 N, R. 9 E, showing correlation of the various formations
penctrated. In making these correlations the writer realizes that
he is opening himself to severe criticism by many. This correla-
tion is made without any discussion and with the hcpe that later
discussion may throw more light on the subject and correct any
errors that may exist in this correlation.

T. B. SHck, et al,

Company
Farm Andy Dunson No. 2
Location SEY of SEY of NE! of 85-10N-9E
County Okfuskee
Total depth 4166 fect
Production Dry hole
Drilling commenced 11-24-24
Drilling completed 6-14-26
Standard tools
Formation Top Bottom
QUrfOCA —crescmmmmememmmmmemm == s 0 48
Blue shale 48 170
Black shale —cocmmemmmmmoommmmmqooms 180
tray shale _oooceommmmommmmmme o 196
Lime . 202
Gray shale __ooomeaoem-- 289 WEWOKA
Black shale __.. . 904
Lime -- - 404
Gray shale —ocommcmmcmmcmmmemmmooos 434
Sand—2 b, w 443
Gray shale oo icooooa- 490
Sand—hole full water___ 626
Shale Er8Y —ocemccccommmmmmmmmmmmm—ns 525 607
Blue shale __. 607 669
Black slate . 669 682
Blue shale . 682 686
Gray shaie” 06 !
sray shale

e T 116 126 WETUMKA
Sand—hole full water.._. 728 761
Lime 761 768
Gray shale _.___._. _- 168 829
Black shale - - 829 836

Gray shale _._--.-- _- 836 868

GEOLOGY 11

Formatien Top Bettom

Lime

Sandy lime g‘?g

Gray shale .oo_... 896

glue sl;‘ul‘e - 905

ray shale oo iemmmemmeemmeeom

Blue shale 13355 CALVIN
Lime . 1000

Sand—6 b, w, 1100 oo 1090 1115

Blue shale. - 1116 5

Broken lime brown oo 1125 Hgg

Gray shale ... ..o 1145 1280

Black shale 1280 1300

Sandy lime oo 1300 1307

Gray shale e 1307 1340

Sandy lime 1340 1345

Gray shale 1346 1565

Sand 1570

Gray shale 1602

%‘,lme s}l]\elll ________________ 1608

sray shale ..

: i smona v
Gray shale ___._. 1665 1666 STUART
Sand—10 b, w. 1666 1690

Black shale 1690 1730

Gray shale _ 1730 1785

Black sha'e 1785 1816

Gray shale _ 1816 1864

Hard lime 1864 1874

Gray shale e 1874 1920

Black shale 1920 1941
Lime 1941 1962

Shale e 1962 1985

Gray shele ___ .o 1986 2060

Lime 2060 2074

Sand—hole full water.____.._______. 2074 2095 THURMAN
Sand 2138 .

Shale

Blue slate g%;:

Blue shale ___ o 2220

Lime 2223

Gray shale __ . e 2300

Gray sandy shale 2310

Lime e e 2445

Blue slate 2445 2495

White slate _.— - ___.____________ 2495 2505 BOGGY
Gray shale __ 2506 2515

TAme o 2596

Blue shale 2626

Gray shale 2636

Lime 2650

Blue slate 2728

Gray shale 2740

Lime e 2763 SAVANNA
Blue shale

%ﬂ;ndky l;‘m‘e little gas gggg

ack shale .

Hard lime ggsl)g MeALESTER
Black shale 2916 2966

Hard lime .. 296

Sandy lime o oo 3023 gggg

Gray shale 3028 3060

Hard aand - 8060 3070

Gray shale __ - 8070 3106

st?"dky lef _________________________ 3105 3114 HARTSHORNE
Llu shale 3114 3118 (Gilcrease sand)

me _. 8118° 3122

Black shale o _cceoe - 3122 3135 '
Sandy Jime—8 b, w. .. 8136 3140

Black slate . 3140 8148

Lime . . 3148 3205
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Formation Top Bottom Formation Top Bottom
Gray slate 32:2 {’Pakr;nose Sand) g::’n"g 8 b. w. from sand 504 ggg ;gg
Lime 32 itkin
Slate 720 25
Gray shale 3340 (Wapanucka !
Black shale 3420 of some) Hard sand, 128 40 WETUMKA
Sandy llime 3427 Slate 760 860
Black shale __. - 3421 3431
Hard lime _. VY 3440 : Lime shale : 860 866
Black shale ___ - 3440 3460 LOWER CANEY Slate _-- B6b 870
Broken lime .. _ 3460 3470 (38%0 :lsloB ) %{vﬁge ’:f:.‘ie ggg 132(7, CALVIN
le black ___ - 3470 3540 probably Boone
,S,';:‘,“‘;n L’;‘"nk,e - - 3540 3300 Sand, show O & G 1060° 3 b. w.__... 1060 1086
B hale _. - 3600 3800
Hovd "lime ooo0IIIIIIITIIIITIIINN 3800 3810 E‘;;:: per screw 1060-1085. .- ;ggg ;;gg
Brown sandy shale oo 3810 3830 %&ite i 1210 1400
White sand hole full water. 3830 3860 ite slate 1400 1425
Hord JiM@ oeomcoomommnnns 3850 3852 %ﬂ‘ﬁeﬂtf&z b, w. 14251430 142 1430
Sand-—HFW 38562 3864 0
Black hard san 3854 3868 f{'ﬂle 1480 1565
Gray randy lime - 8868 3876 HUNTON sf"d sand 1656 1660
White sandy lime 38176 3884 H“; 1660 1600
Soft white lime - 3884 3800 Hadd “:_dv 2 b w. 1600-1610.__1__ 1600 1610
Sandy lime _.._-- 3896 9 ikttt
White lime . _.----- 3914 3926 Hard sand 1616 1520 SENORA &
Sandy lime hole full wa 3926 3970 s?;‘te m—= %g;g {ggg
Soft white sandy lime.--.---- 3970 3988 %hﬁe ]:m:te ------------------- iggg }sgg STUART
Black lime oo 3985 4000 7
Plack e T 4000 4065 SYLVAN gi:‘;“ Dlate - 1110 1126
ime oo ki 1736
- White slate 1736 1760
Black lime oo 4066 40170 VIOLA Slate - 1760 1800
White lime o commoommoommmmemmmeo 4070 4080 Sand shell 1800 1803
: - Slate - 1803 1815
White Jime e 4080 4000
Hard lime - .. .. 4090 4100 Sete T 1816 1860
%}ardl shnrlp sandy lime __1100 1110 White lime :g?g iggg
ard sand e 110 W White slate ____________ 77
Ifard blnck lime 150 4166 White slate somn 1880 2055
Hard sand ccmecmeeeo .- 4166 4170 :
Black nnr}dy haé-dhhlme _____________ 4}70’ . SIMPSON White lime 2056 2060 THUIRMAN
White salt san ole full water_____ 4170 17 w
Corrected depth—sand line mhlte slate 2060 2160
measurement 4165 G ack slate .o 2160 2170
Biack Hme oowwowzomeocoooocecooon 4165 4166 Gray lime —ovmmmmoommsomo e 2185 BOGGY
Total depth wooceecomccccccmmmmae 4166 Dark slate 2596 2686
6-30-26—ch Sand, show oil & gas 2685-2710_.___. 2685 2710 SAVANNA
l_(zomvum' Kingwoord dOirll Company st;k :::te 2710 2860 McALESTER
arm Hully San andy Me e 2860
Location SW1; of SEY ol ‘SW1; of 35-10N-OE, Slate io---—- 2868 gggg
County Okfuskee Hard eand ——— .. 2875 2885
Total depth 1240 feet Slate 2885 28956
Production Dry Lime ... ~_ 2896 2900
Flevation 801 feet ’ Dark slate oo 2900 2905
Drilling commenced 11-19-24 Sandy lime 2906 2945
Drilling_completed 4-25-25 Standard Tools Slntg - 2945 2965
an
SUrfACE o cemceccmcmcmnmm—mmmmmme 14 Black slate 22%?;% 22%57%
Sand stona 26 Sandy lime, hole began to cave__..__ 2970 2085
gme mlud o 66 Sllslte 2985 2990
lue slate _. 140 ime 2990 2996 HARTSHORNE
White slate - 190 Slate 2996 3000 Gil
}‘Ilncr slate 200 lsilal;‘d sand, bits won't stand. o ..._ 3000 3009  (Clleresse sand)
ard sand oo 200 212 a 3016
Soft sand, 4 b, w 220 Sand
Hard sand 330 WEWOKA Slate (3026-3031 of oil) .- 28%2
Slate 251 Sand, show of oil 3026-3031 8031
Dark slate 400 ls-lluéd sand 3048
g:f,}‘l slate :gg H:rs sand gOEG
White Hafe 1Z- I 157 Sand, show O & G § b5 per Tour 072
ark glate .. ——— 504 f 22 11 ) S —— 3072
Sand 14 b, w. per hour_o o __ocoao. 504 539 Siate 3087 as%%
Sand, hole full water 3090-3097______ 3090 3110
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Formatlon Bottom
Slate Jumps of coal in hole_ . __ 3116
Slate __ e 3198
Lime a._... 3204
Slate 3268
Slate — 3298
Slate o 8308
Lime e 3309
Shale ____ 8317 ATOKA
SANd o 3319
Hnrﬂ lime (ste&el line 3319") gggg PITKIN
ark grey eand o oeceonoo .. -—
Slate _____.. agal  (fepanucka
Gray sand ___________ 3336
(S}rnfl slnnv? e 8340
and, little show oil__ 3346 Papo: M
Water sand, hole full wate: - 8362 (Papoose sand)
Sand (show oil) oo 3367
Sand __ 3369
White sand 3315
Sand .. _— 3379
Diack aiai 307
ack shale . 8427
Bluck lime = a3z LOWER
ue shale . ____ 34356
Blue shale—ecaving bad __..________ 8630 CANEY
Brown shale 8726 Probably Boone
Black lime ___ ___ -l . . 8730  3786-3808
Black shale _..__._______.__________ 3735  Chattanooga
Brown shale, firm and gritty_ 3786 3805-3825
Black lime oo 3806
Brown shale, top of sand.._..._____ 3825
While. mandZhard T 354 ‘
te gand-—hard 1st water..__._.._ .

Whnter sand—hole full water 3848’ HUNTON
Hard lime oo o 3848 8861
(V;v'hlte"llme ________________________ 3861 3966

ray lime 3976

White slate ___ as 4019 SYLVAN
Slate _________ 40560

Gray lime 4069 VIOLA
Hard sand 4075
Gray lime 4110

me 4124
Sand (hard shays) 4136
Blue sand _ 4140

Hard asand 41560 SIMPSON
Hard sand llme ____ _—-- 4150 4162 (Wilcox sand)
Hard enand . __ 4152 4174
Hard white sand .. _..._____ 4114 4180
Hard sand 4180 4184
White sand o ____._ 4184 4240

' 4192 total depth of hole 4240, 4-26-25

The wells start near the contact of the Holdenville shale and
Wewoka formation and penetrate nearly the entire thickness of
the Wewoka. The Wewoka occurs from the surface to 535 feet
depth in the Kingwood well and from the surface to 525 feet depth
in the Slick well. :

The Wetumka shale occurs from 539 to 860 feet in the King-
wood well and from 525 to 858 fect in the Slick well. There is a
water sand about 50 to 60 fect thick occuring within the Wetumka
shale in the Papoose field and the surrounding area which has been
commonly mapped as the top of the Calvin series. This sand
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member when projected to the outerop checks with the thick sand-
stone near the base of the Wetumka.

The Calvin sandstone series is represented -in the Kingwood
well from 860 to 1085 feet and from 858 feet to 1115 feet in the
Slick well. This Calvin series is represented by two to four water
bearing sands in the various wells in the Papoose field and sur-
rounding area. ,

The Senora and Stuart formations are not differentiated in
these wells but oceur from 1085 to about 2055 feet in the Kingwood
well and from 1115 to 2060 feet in the Slick well.

The Thurman sandstone is probably represented by the thick
water sand in the Slick well oceuring from 2060 to 2138 feet; the
Thurman sandstoine scems to be represented only by thin lime
shell from 2055 to 2060 feet in the Kingwood well; samples were
not obtained above 3300 feet, therefore it is not known whether
the Thurman sandstone was missing in the Kingwood well or ab-
sent due to being improperly logged.

The Boggy shale probably occurs from 2060 to 2685 feet in the
Kingwood well and from 2138 to 2740 feet in the Slick well.

The Savanna is represented in the Kingwood well from 2685
to 2710 feet and from 2740 to 2753 feet in the Slick well.

The McAlester shale was penetrated from 2753 to 2955 feet in
the Slick well and from 2710 to 2860 feet in the Kingwood well.

The Hartshorne sandstone which is the (ilerease producing
horizon varies greatly in thickness in the Papoose field and the
surrounding area. The Iartshorne occurs from 2965 to 3205 feet
in the Slick well and from 2860 to 3110 feet in the Kingwood well.

The black shale underlying the Hartshorne has been correlated
with the Atoka formation and oceurs in the Kingwood well from
3110 feet to 3308; and from 3205 to 3420 feet in the Slick well.

The above correlation of the Pennsylvania is based entirely
upon a stratigraphic correlation. 1f the various formations are
projected to the outcrop it will be seen that the above correlations
in general are fairly accurate.

The correlations given below of the pre-Pennsylvanian for-
mations in the Kingwood’s Sand No. 4 have been made by Mr. G.
S. Buchanan of the Carter Oil Company, from examination of
samples and are given here with his permission. The correlations
of the formations in the T. B. Slick Dunson No. 2 are made by com-
parison of the log with the Kingwood log.

The Papoose sand is well represented in the Kingwood well
from 3308 to 3379 feet; while it is represented by a few thin lime
shells in the Slick well from 3420 to 3470 feet. The Papoose sand
has been correlated with the Cromwell sand of the Cromwell pool
in Tps. 10 and 11 N,, R. 8 E.; and with the Lyons-Quinn sand of
the Lyons-Quinn pool in sees. 13, 24 and 36, T. 11 N, R. 11 E. The
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age of this sand is still an open question. Many class it as the
Wapanueka limestone cquivalent or lower Pennsylvanian in age.
Whereas, from paleontologic evidence others class it as Pitkin or
" Mississippian age. TFrom a stratigraphic correlation, the Wapan-
wcka correlation would be corrcet.  However, Pitkin fossils have
been found in samples from this horizon; some have correlated
the Papoose sand with the Wapanucka on lithology after examin-
ation of samples. . Mr. Buchanan correlates the Papoose sand as
Pitkin in age.

The shale interval from 3379 to 3805 in the Kingwood well is
placed in lower Caney by Mr. Buchanan; the lower Cancy in the
Slick well is found from 3470 to 3810 feet.

The writer believes the Boone limestone is represented by the
thin lime oceuring in the Kingwood well from 3785 to 3805 feet
and from 3800 to 3810 feet in the Slick well.

"The shale from 3805 to 3825 feet in the Kingwood well Buchan-
an calls the Chattanooga; in the Slick well the Chattanooga is
represented by the sandy shale from 3810 to 3830 feet.

The llunton is represented from 3825 to 3961 feet and the
sandy lime and lime from 3830 to about 3985 represents the Hunt-
on in the Slick well.

The shale interval from 3961 to 4050 feet in the Kingwood well
is the Sylvan shale; the same horizon occurs from 3985 to 4065 feet
in the Slick well.

Buchanan places the Viola limestone from 4050 to 4070 in the
Kingwood well; probably the lime from 4065 to 4080 represents
about the Viola equivalent in the Slick well.

The Simpson is found from 4070 to 4240 in the Kingwood well
and from 4080 to 4166 in the Slick well.

STRUCTURE
SURFACE

The normal dip of the surface rocks is to .the northwest
there being little indication of variation from normal structural
conditions other than a broad gentle terrace at the east end of the
producing area. In see. 36, T. 10 N, R. 9 T2, and seec. 1, T. 9
N., R. 9 E., there is a pronounced terracing of the beds, the dip
changing from normal northwest to north for a short distance
across section 36.

SUBSURFACE

The subsurface structure of the ficld; as shgwn by presgnt
development, consists of an anticlinal fold on which are superim-
posed two minor folds or domes separated by a structurally low
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area over which production extends. The axes of the minor fold

and the structurally low areas a
northeast trend. re roughly parallel, and have a

The high point of the west dome is in the NWY,
h v E ,sec. 3, T. 9
g{i, R. 9 E., the SE4, sec. 33, T. 10 N,, R. 9 E., and tfle SW14, sece.
, T.10 N., R 9 E. The high area of the east dome as defined
at present is in t}1e NE%, see. 1, T. 9 N, R. 9 L. The limits of
production in this direction are unknown. l

The subsurface structure of the Papoose sand was i
by ('o.rrelatlon of intersecting cross-sgctions consfrugtztgm}ltl‘:’en(i
g)raphlc logs of all completed wells in the field. A map of the
Papoose field is shown in Figure 1 and indicates this structure
The contours with 10 foot intervals are based on the top of the

lim i i i i
theeszﬁg.sandy lime cap rock overlying the productive portion of

PRODUCING HORIZONS
UPPER FORMATIONS

A series of water sands separated by shal raryl
thicknesses are penetrated to a gepth of {200 tg 23(513 ;):et\arylsr}‘g:
water sands occur uniformly in this interval. The lower o.r Si‘(fil
\E'ater' sand hoylzon is encountered at depths of 1050 to 1200 féet
Showings of oil and gas were encountered in this sand in certain
wells, but no commercial production has been obtained. The in-
terval from the base of the water sand horizon to the top of a sand
occuring at a depth of 2650 to 2800 feet is composed largely of
shales with irregular lime ledges and sandstone members.

GILCREASE SAND ZONE

The Gilerease sand zone consists of a zon i
! san Zone sists zone of limes, sands,
and sandy limes, ranging from 160 to 230 feet in thicknesé. The

top of the zone is encountered at i
D Drpne zone o at a depth of 2850 to 2950 feet in

The Gilerease sand zone is the productive horizon in the Gil-
crease pool, where several wells with initial daily oil productions
ranging from 100 to 500 barrels, were completed.

_In the Papoose field the Gilcrease zone where penetrated
tained oil, gas, and water. Several gas wells wege complet,eso?n
this sand during the early development of the field. ~While some
commercial o0il wells have been obtained, the general practice is to
case off the zone and deepen the well to the Papoose sand. Ilow-
ever, certain wells in the Sl4, see. 33, T. 10 N, R. 9 E h.ave been
completed as oil wells in the Gilerease sand z01,1e. . ?

Production from the sand zone seems to be governed chiefly by
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its porosity where wells are locdted most favorably. The produe-
ing sands occur in the lower portion of the sand and lime zone.

PAPOOSE 'SAND

The PPapoose sand is the main producing sand of the Papoose
field. The tep of the sand is penctrated at depths ranging from
3250 to 3350 feet, depend'ng on loeation in the field. Thickness
of sand in wells that have been drilled entircly through the sand
body, varied from less than 60 feet to more than 80 feet. The
‘upper part of the sand in many wells is not productive and is re-
corded as lime or sandy lime. The caleareous portion of the sand
which constitutes the eap rock varics in thickness from one to
twenly feet. Because of the existence of this nonporous and har-
ren cap rock, several wells located low on the structure reached
the water level of the sand vithout obtaining oil production. 1In
certain parts of the ficld shale breaks have been recorded between
the cap rock and the productive portions of the sand. Due to
the existence of a barren cap rock and shale breaks in the upper
part of the sand, the production of wells where this condition ex-
ists, is relatively low since the productive thickness of the sand is
small.

The structural relationship of the Papoose sand to the other
underground formations from a depth of 2500 feet down, are shown
by an east-west cross-section, Figure 2; and .two north-south cross-
sections, I'igures 3 and 4. '

DEEPER SANDS

No production has been obtained from deeper sands in the
Papoose field. Three wells in this area have been drilled to a
sand and sandy lime, occuring from 380 to 514 feet below the bot-
tom of the I’apoose sand, where considerable water was encount-
ered. These wells are as follows: : ,

- Independent Oil and (as Company’s Rose
Caroline No. 1, Section 11-9-9; total depth 3960 feet.
T. B. Slick Oil Company’s A. Dunson No. 2,
Section 35-10-9; total depth 3876 feet.
Kingwood Oil Company’s H. Sands No. 4, Section
35-10-9; Total depth 4240 fleet.

PART II. DRILLING PROCEDURE
By
John R. Bunn

GENERAL STATEMENT

Cable tools have been used almost exclusively in the develop-
ment of the Papoose field; only two wells were completed with the

DRILLING PROCEDURE 19

rotary. Eight rotary wells have been drilled in the Gilerease pool
in sees. 17 and 20, T. 9 N,, R. 9 E.

The first wells drilled in the Papoose field were located on
a 400 foot spacing distance basis between wells even along property
lines or one well to every four acres. Iight wells are thus located
in secs. 3, 4, and 9, T. 9 N, R. 9 &, The operators later adopted
the spacing of four wells to each forty acres; or, one well in the
center of each ten acre tract.

CABLE TOOIL DRILLING

When drilling in unproven or semi-proven territory, in gen-
eral cable tools have the advantage over rotary tools as they per-
mit of obtaining samples of the formations encountered while drill-
ing. In addition, the fulid content of sands can be tested as they
are penetrated. Iowever it is a question whether this is better
than the use of the rotary drill where systematic and proper cor-
ing is maintained. The chief disadvantages of cable drilling are
loss of time in drilling and the increase in well cost because of the
additional casing that is required.

In completing wells with cable tools it has been the general
practice of operators to set a string of 8-14 inch, 32 pound casing
in the upper part of the Gilerease sand zone and a string of 6-9%
ineh, 24 or 26 pound casing below the Gilcrease sand zone at some
point in the shale interval between this sand zone and the Papoose
sand. A few of the casing strings have been cemented. (See table
No. 12)

It is recommended that a small size bit be used in ‘‘drilling
in’’ the well as a safety measure after the casing has been set
above the Papoose sand. If 8-14 inch casing is the last string set,
then a smaller sized bit should be used, so that if strong gas is en-
countered, there will be less danger of the tools being blown from
the hole, or lifted up by the gas and then dropped causing a dif-
ficult fishing job. After the sand has been drilled with the small-
er size bit, the hole can be reamed with full sized tools.

In two wells heavy strings of cable tools were blown com-
pletely from the hole: namely, Independent Oil Company’s S.
Alexander No. 2, sec. 2, T. 9 N, R. 9 E.; and Indian Territory Il-
luminating Oil Company’s Rogers No. 2, sece. 1, T. 9 N,, R. 9 L.

Table 1 gives certain data on holes lost in cable tool drilling
in the Papoose field.

ROTARY DRILLING

Due to the small numbef of rotary drilled wells, it is appar-
ent that operators in the Papoose field have not favored the use
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Table 1. Iloles lost in cable tool drilling.

Company Lease Well Location Total Remarks
No. . Depth
{ndependent Bruner 1 1-9-9 8125 Pipe trouble
Independent . .
and Atlantie Bruner 3 1-9-9 Lost tools
Shick Bruner 11 2-9-9
Slick Ryan 1 2-9-9 2486 Collapsed casing
Phillips Pet. Blise 2 3-9-9 1620 Pipe trouble
lick McKay 2 8-9-9 3308 Collapsed casing
Slick McKay . 4 399 30856 Parted casing
Slick McKay 4A 3-9-9 3056 Lost bit and
. craoked hole?
Slick Scott 4 3-9-9 3324 Collapsed casing
Berry Petroleum W. Alexander 1 4-9-9 3420 Fishing Jjob
Mutua!l Turner 2 4-9-9 1827 -Lost tools
Mutunt Turner 8 4-9-9 2913 Collapsed pipe
Transcontinental C. Tiger 6 4.9-8 Crooked hole?
Arkansas Fuel Barnett 1 38-10-9 740 Lost tools
Indian Territory Darnell 1 34-10-9 3118 Pipe trouble
Phillips Pet, Booze 1 34-10-9 2926 Fishing job—
bad pipe,
Prairie Weatbrook . 6 36-10 9 Lost Hole

of rotary tools. However, rotary drilling in proven territory pos-
sesses advantages, which should be given due consideration.

Rotary drilling is more rapid than cable tool drilling when
drilling through shales, soft sandy lime, and sandy shales. Four
strings of pipe could be eliminated if rotary equipment was used
in wells drilled to the Papoose sand. This item alone represents
a saving of approximately $15,000; which saving does not, how-
ever, take into account the salvage value of the large pipe when
same is pulled from a cable tool hole. The mud fluid circulated
by the rotary method protects the formations above the top of the
cement back of the first string of pipe landed and prevents the
migration of oil, gas, or water from one statum to another.

SUGGESTED USE OF ROTARY TQOLS IN THE PAPOOSE FIELD

Wells could be drilled to the top of the Papoose sand with
rotary tools and then completed into the sand with cable tools.

The Gilerease sand zone and the intervening shale between
the top of the Papoose sand and the bottom of the Gilerease 'sand
zone should be the markers uscd in correlation when drilling to the
Papoose sand.  (See cross-sections). The shale interval varies
from 140 to 210 feet in thickness. Approximate depth to the top
of the Papoose sand may be determined from the subsurface eon-
tour map, but unexpected local high or low areas in the sand may
make such a determination crroneous and cause the casing to be
set too high or too low. Water shutoff points determined by
means of cross-sections are more accurate. It is usually desirable
to set and cement the casing immediately on top of the producing
sand or the cap rock. A liner is not required when casing is set
immediately above the producing sand. However, sctting casing
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directly on top of the sand or the cap rock has one disadvantage,
in that later shooting of the sand as such close proximity to the
casing shoe may cause serious damage.

When the last member of the Gilcrease sand has been passed
through and the shale interval below penetrated 125 to 150 feet,
extreme 'care must be taken to note any change in formation.
Cores should be taken- at every formation change, as this change
in formation suggests the penetration of the top of the Papoose
sand. These cores should be tested for their gas, oil, and water
content, especially -the latter, since in some wells water has been
found in an upper member of the Papoose sand. In the event that
cores show the presence of water in an upper membeor of the sand,
drilling should be continued and cores taken continuously, or at
very short intervals. When the cores show definitely that the
Papoose sand has been penetrated and no water is present in the
upper members, the casing should be set and cemented. It is ad-
visable to penerate the sand several feet, coring continually in or-
.der to be certain that the main productive’ sand body has been
reached. The casing can then be cemented off bottom, just above
“the top of the productive part of the sand, as shown by the cores
taken.

ROTARY CORES AND CORING PRACTICE

Sands penetrated in rotary drilling may be tested for con-
tent, character of material, and porosity by coring. Rotary cores
are also of great value to the geologist in determining the age and
correlation of underground strata from the fossil content of the
cores. They are much more satisfactory for these purposes than
broken and pounded up drill cuttings from cable tool holes, since
rotary cores are unaltered and representative of the formations
as they exist in place. If great accuracy is desired, the drill pipe
may be carefully measured and the depth.at which the core was
taken can be determined to within a few inches. If an adequate
number of cores are taken in the first wells drilled, sufficient in-
formation can many times be obtained which will eliminate a great
deal of coring in later wells. :

Cores may be taken by the ordinary saw-tooth or basket
core barrel, also known as the single core barrel, which consists of
a piece of pipe from 4 to 6 feet in length and of various sizes, us-
ually 5-3/16 or 6% inch pipe. Six to cight teeth are cut in
the lower end with a hack-saw or oxyacetylene flame. The core
barrel is attached to the drill pipe and rotated slowly to the bottom
of the hole. When enough core has been cut, the pipe is given
considerable weight to bend the teeth in, forming a basket which
holds the core that is broken off by this operation.

This type of core barrel has the advantages of low initial
cost. and ease of manufacture, however it has many disadvantages.
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Very seldom is a core taken more than one foot in length. More
often they are only a few inches in length. There is danger of
injury to the core due to heart caused by friction in cutting and
the possibility of the core being lost by teeth not closing or barrel
becoming plugged before a core is cut.

Another type of coring tool used suceessfully in rotaty drill:
ing is the double tube type, and several makes arc on the market,
having similar gencral features but differing as to the details of
construction. This type has been widely used in California and has
" recently been introduced into the Mid-Continent area.

During the development of the Cromwell oil field, a double-
barrel core drill was furnished the Bureat of Mines for experi-
mental work in that field. The first cores taken in the Cromwell
sand were eut and recovered with this barrel, which was so de-
signed that a core two inches in diameter was extracted from a
hole drilied 7-34 inches in diameter. A sketch drawing of this
barrel is shown in Figure 5.  (See following page.) The outer
reamer cutters and inner reamer cutters are especially arranged
and designed to give the best cutting surface.

The advantage of this type of core barrel over the single
barrel type is that longer cores may be recovered, the hazard of
losing cores is much less, unaltered and representative samples of
the formation are obtained, and cores are not so apt to be burned.

The length of the core taken depends largely on the hard:
ness of formation cut. The hard, consolidated sands penetrated
in. the Mid-Continent fields cut out the teeth and necessarily make
the taking of cores not equivalent in  length. of those taken with
this type of barrel in the California fields. impossible, where cores
from 6 to 18 feet long have been taken successfully in unconsol-
idated sands. '

"The first core eut with this barrel in the Cromwell sand was
14 inches in lengih, the sand was extremely hard, fine grained, and
consolidated. The cutters were considerably worn in cutting this
core, but a longer core could have been taken - before the, cutters
were completely worn out.  Whereas the cutters were made from
a speeial steel, it may be possible to use cutters of still greater
hardness, and thus obtain longer cores in such hard, consolidated
sands.

COMPLETING WELLS WITH ﬁbTARY TOOLS

The completion of wells in this district with rotary tools is
practically unknown. Very few wells in the Cromwell and Pa-
poose areas have been completed in this manner, however, condi
tions in the Papoose field are very favorable for the sueccessful nse
of this method when conducted in a correct and careful manner.
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Operators in the fields of southern Oklahoma have found
that rotary completions have resulted in as high and often higher
initial gas and oil production than completions with cable tools!.
Yompletion of wells with rotary tools is especially advantagcous
in areas of high gas pressure and high initial production of wells,
sinee the wells can be completed and brought in under absolute
control without any waste of oil and gas.

In completiing wells in this area with rotary tools, the en-
countering of the top of the sand should be aceurately determined
by coring. The hole should then be drilted to a sufficient depth
so that 654 inch, 26 pound, lap-weld, or 6%, 24 pound, seamless,
steel casing be cemented with the shoe just below the top of the
sand. A good method is the two plug method. From 200 to 500
sacks of good quality Portland cement should be used, or an
amount sufficient to place a columi of cement from six to' eight
hundred feet behind the pipe. This amount can be determined
by reference to Table 2. The casing should be slowly spudded
while the cement is passing around the shoe of the casing to pre-
vent the cement from channéling through the mud fluid behind
the pipe. ,

The total depth to which the sand may be penetrated de-
pends on the structural position of the well. As a safety meas-
ure, this depth in the sand should be several feet above the known
water level in adjacent wells. Cores should be taken continously
through the sand or at short intervals, as from, these cores the op-
erator can derive much valued information about the sand.

After the well is cemented it should stand so for not less
than three days if accelator was used and not less than ten days
if only pure neat cement was employed. At the end of this time
the fluid should be bailed down to a safe known level and let stand
for at least twelve hours after which the bailer should be run to
determine whether the casing is leaking.  This proving satisfae:
tory the cement plug should be drilled out below the casing shoe
with the hote full of fluid. This done the well should again be
Dailed to a safe depth, dry if possible, and then stand for at least
12 to 24 hours and another bailing test made to determine the ef-
fectiveness of the shut-off against water inflow.  Caution must
be used in this procedure, as cement plugs have been blown out of
wells located in arcas of high rock pressure when ;the hole was
bailed.  Prior to bailing down the fluid the well should be con-
nected up for immediate control.

If a tight water shutoff has been obtained, the rotary tools
may be run in the hole, and cleaned to bottom.  The well may
then be brought in by bailing down the fluid level. When the
sand has a high rock pressure the well will generally clean itself

Sup. 1. George, H. C.. and Bunn, John R., Petroleum engincering in the Fox-Graham oit and
gas field, Carter County, Oklahoma; U. S. Bureau of Mines, July 1924,

when set, in the annular space outside

izes of holes.

various strings of casing in various st

Table 2. Number of linear feet filled by ome sack of cement,

Size of casing in

" Diameter of hole to be cemerted (in inches)

inches

Nominal
Diam.

Qutside

12 13 14 - 15

11
2.0
2.05

2.1

10
2.5

Diam.
4%

4%

4.6 3.3

7.0
7.6

128

3.5 2.6

4.9

15.0

4%

4%
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2.7
2.8

5.2 3.6

5.5
6.0

8.4
7.1

18.4

1.4
1.5

15

1.7
1.8
1.9

2.0
2.1

2.2
2.2

3.8

9.4

10.8

23.9

5%

5%

2.9
3.2
3.6

4.0
4.4

35.1

5-3/16

5%

1.2

2.4
2.6

15.5
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1.3
14
1.7

1.6
1.7
2.1

2.9
2.9

71
34.0

2.8
4.3
4.3

4.0
7.9
37.0

5.4
6.3
30.5

10.0
13.4

6%

8%

8%
10%
11%
12
13
14

6%
6%

«
-

1.7
2.5

3.5

2.1

7.9

30.5

8%
10
11

<
-

3.8

2.3

6.5

2.5

3.9

8.1

11%
12%
13%

3.6

7.5

7.0

One sack of “set” cement contains approximately 1.10 cu. ft.

One sack of “dry” cement contains approximately l-cu. ft.

NOTE:

of cas-
n this
filled

lar space between a casing
he column until you find 654, then follow to the right I

“outside diameters”

Above the table will be seen a vertical column for the
The figure 5.4 ia the number of linear feet which will be fi

of the casing considered. Look down t

he vertical column for the 9°° hole.

* and a 9 hole.

It is desired to find the number of linear feet filled by one sack of cement, when set, in the annu
664" being the O. D.
horizontal column until you come to t!

Example:
having an outside diameter of 6%

ings in inches;
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as soon as the fluid has been lowered a few hundred feet. In
arcas where the rock pressure of the sand has largely declined the
well is swabbed cautiously after the sand has been thoroughly
washed.

In the Papoose field the sand is not of great thickness and
it is consolidated, so it is not likely that a liner of screen perfor-
ated pipe would be necessary where the water string is landed at
the top of the producing sand.

The efficiency of completing wells with rotary tools was
demonstrated in the Cromwell field when the Roxana Petroleum
Corporation’s Bdward Brown No. 6, see. 10, T. 10 N, R. 8 E., was
completed and brought in under control with a reported initial
production of 1500 barrels of oil and a volume of 53 million cubic
fect of gas.! :

Yery good results have been obtained in many field by
tubing wells before completion and flowing them initially through
tubing. When a well is to be tubed before its completion, in areas
of high initial production rotary completions are very desirable
since the tubing may be run and set in the well without difficulty
ajid with no loss of oil or gas.

The gencral practice before ‘‘bringing. in’’.is to wash the
sand and hole free from mud fluid ecirculating clear water
throngh the tubing and out of the casinghead. The lower joint
of the tubing is sometimes perforated to obtain a jet action on the
walls and thus increase #he cfficiency of the washing operation
The well is then brought in by lowering the fluid with a tubing
swabh.

ROTARY COMPLETION THROUGH DEPLETED SANDS.

There were many instances where wells were. drilled with
rotaries through partially depleted upper sands and casing cement-
cd helow these oil measures. The wells produced from a lower
horizon for a long time then were plugged back and were recom-
pleted in the partially depleted sand where clean oil was produced.
The Santa Fe Springs field in California may be cited as a good
example where the above practices were followed with excellent
results.

Swigart and Schwarzenbek? have shown that virgin oil sands
will take very little water and practically no mud fluid under pres-
sure. Bxperiments® have shown that consolidated sands of good
porosity will not take mud fluid under great pressure., In these

1. Rison, C. O., and Bunn, John R, Petroleum enginecering in the Cromwell oil field,
Seminole and Hughes Counties, Oklashoma: U. S. Bureau of Minees, December 1924.

2.  Swignrt. T. E., and Schwarzenbek, ¥. X., Petroleum engineering in the Hewitt oil
field, Carter County, Oklahoma, U. S. Bureau of Minen, January 1921,

3. Work conducted under the direction of M. J. Kirwan, at U. S. Bureau of Mines,
Bartlesville, Oklahoma,
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experiments, when mud fluid was forced into the sand, a filtering
action took place, the clay in the mud fluid being filtered out or
caught on the surface of the sandstone, forming a clay deposit or
sheath on the surface near the point of entrance of the mud fluid
into the sand. The sandstone used in these experiments was a
coxic(a] taken from one of the productive sands in the Tonkawa oil
field.

Although these experiments have shown that consolidated
sands will not take mud fluid under pressure, the sheath formed
on the face of the sand, with some of it penetrating the pores of
the sand for a fraction of an inch, must be thoroughly washed off
before maximum production can be obtained from a depleted sand.

This would indicate as experience shows that a -sand once
mudded, especially a depleted sand, should be washed or under-
reamed down to break mud sheath so that good production con-
ditions are obtained. TExcellent results have been obtained by us-
ing oil fluid in the well instead of water when drilling through
a partially depleted oil sand.

SUGGESTIONS FOR THE COMPLETION OF WELLS IN THE AREA
OF HIGH GAS PRESSURE

Considerable high pressure gas has been encountered in the
cast end of the Papoose field. In the Cromwell ficld the sand
body thickened greatly on the high points of the structure. so that
wells could be drilled through the gas bearing portion of the sand
body into the oil bearing.part of the sand. Such conditions of
thickened sand body may exist on the high part of the structure
in the east end of the Papoose field.

To prevent the dissipation and waste of enormous volumes
of gas, which will take place during the drilling of the gas bearing
portion of the Papoose sand with cable tools, it is recommended
that operators in the Papoose field follow a similar type of pro-
cedure as outlined by Rison and Bunn! in a recent Bureau of Mines
report on the Cromwell field. It was suggested that:

“In future.wells drilled to produce from the Cromwell sand
zone, a string of casing should be cemented below the Harjo
sand above the Cromwell sand zone. Enough cement should
be used to extend at least above the Brunner sand. Within
certain areas of the field, where high gas pressures are known
to exist in the upper part of the Cromwell sand zone, it would
appear to be good practice to land an additional string of cas-
ing in top of the oil bearing portion of the sand zone. This
casir.g string could be set in mud fluid, care being taken to
see that sufficient mud fluid was placed behind the casing to

1. Rison, C, O, and Bunn, John R., Petroleum engineering in the C 1l oil field
Seminole and Okfuskee Countles, Okiahoma, U. S. Bureau il Mineea. l;::‘e;eber.mlszi. ’
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hold down the gas pressure and prevent the well from blow-
ing out later between the casing strings.

“The last two casing strings landed could be connected
together with a high pressure bradenhead, thereby preventing
a blowout if, at any time, the casing shoe failed to retain the
mud fluid behind the pipe. The bradenhead should be closed
in with suitable gate valves to prevent any flow of gas from
between these casing strings, as any passage of gas through
the mud fluid would tend to lighten it and reduce its effcctive-
ness. It is possible that the weight of a string of casing
might cause it to cut its way down into the sand, therefore a
considerable part of the weight of the last string landed should
be supported on the bradenhead. With the two strings of
casing landed and bradenhead together, the well could then
be completed in the lower oil productive portion of the sand
zone and produced through the last string of casino set.

“When drilling a well (to be cased in the manner described
above) with cable tools, a sufficient amount of mud fluid
carried in the hole would prevent waste while drilling through
the Brunner, Harjo, and Cromwell sands, and also prevent a
blowout, should an unexpected gas vressure be encountered
in any of these sands. The use of mud fluid would probably
aid in securing successful cementing job, particularly when
there is agitation by gas or water above the casing point. The
disadvantages of having a cable tool hole filled with mud fluid
while drilling are that the speed of drilling is reduced mater-
ially, and it is more difficult to obtain an accurate record of
the formations,

“The rotary method js considered more effective than the
cable tool method of drilling in preventing the migratory loss
of oil or gas from productive formations exposed in a drilling
well. This method of drilling is particularly effective against
high gas pressures, such as those existing in the formations
penetrated in the Cromwell field, and it is probable that a ro-
tary outfit, properly equipped to take cores, would be more ef-
ficient than cable tools in drilling and completing ncw wells in
the manner previously discussed.

“Although there is no available market at the present
time for the large volume of free gas produced from the up-
per portion of the Cromwell sand zone, the waste of this gas
itself is not the only economical loss to be considered. Aside
from the fact that the gas has certain value as fuel, a rela-
tively larger loss may be sustained if the rock pressure of the
gas bearing sand is dissipated. A diminished rock pressure will
probably transform the upper gas bearing portion of the sand
zone from a potential source of energy into a hugh rescrvoir,
“more or less barren, into which gas given un by the oil sand
will flow. As has been pointed out, this is likely to result in
large amounts of oil being carried into this depletcd sand where
it will remain, beyond recovery.

“Primarily, the objects sought to be accomplished by set-
ting a string of casing in mud fluid below the gas bearing por-
tion of the Cromwell sand zone are to conserve the gas by
retaining it in the sand until needed, thus utilizing its pro-
pulsive power by forcing it to seek an exit through the oil
sand, thereby assisting in oil production. If these objects

DRILLING PROCEDURE 29

are accomplished it is probable that waste of gas will be min-
imized, fire hazards will be reduced. the amount of emulsion
formed will be decreased, the daily or ultimate oil production
will be increased, and there will be less danger of nulling in
top or lower water. In many cases, when a well declines to
the economic limit of oil production the lower nortion of the
«and may “e plugged back. the last strine (which has b-en
set in mud fluid below the gas sand) may be salvaged. and tha
well shut in o~ the next larger size of casing as a gas well.”

The above method deseribed for completing wells in high
pressure areas where a gas body overlies the oil body in a sand
applies where the sand is consistent. If an impervious parting
exists between the two bodies such a method might result in a
wasteful - dissipation of free gas to the well without aiding the
oil production. In such cases individual eircumstances will govern
the method to be used.

COMPARISON OF CABLE TOOL AND ROTARY DRILLING
SPEED AND COSTS

A summary of the total drilling time in days, the total
number of feet drilled, the average drilling time per well, the
average number of feet drilled per day and the average depth per
well by cable tools in the Papoose field is shown in Table 3.

Table 3. Analysis of Cable Tool Driliing.

Number Total Total No. Average Averave No, Average
[} Drilling of Feet Drilling of Feet Depth
Wells Time Drilled Time per Drilled Per Well
in Days Well (Days) Per Day
143 9.304 477,727 65.06 . 51.34 3340.7

This tabulation includes the total number of wells complet-
ed in the Papoose field proper at the time of compilation, using
the data as reported by the various companics.  The figures in-
clude time lost in fishing, cementing, and running casing in all
completed wells. - Wells, where the holes were lost and abandoned,
are not used in the compilation.

As only three wells in the Papoose field proper have been
drilled to the 814 inch casing point with rotary tools, a compari-
son based on the average of these three wells against 143 cable
tool wells, is not a representative comparison. In addition to the
results obtained in averaging these three wells, data on 32 rotary
drilled wells in the Cromwell field, where very similar conditions
prevailed and identical formations penetrated are given in Table 4.
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Table No. 4. Analysis of Rotary Tool Drilling in the Papoose and
' Cromuwell OQil Fields '

Fleld No. of Total Total No. |, Average Average No. Averge
Wells Drilling of Feet Drilling of Feet Depth
Time ‘Dritled Time Drilled Per Well
In Days Per Well Per Day
Papoose 3 170 9,422 56.66 56.42 3140.66
Cromwelll 32 1,168 .~ 101,082 36.502 86.542 3159

1. Rison. C. 0., and Bunn, John R., Petroleum engineering in the Cromwell oil field,
Seminole and Okfuskee Counties, Oklahoma, U. S. Bureau of Mines, December 1924,

2. Includes time lost while tishing, running casing, and while cement was setting.

A comparison of the bare cost of drilling wells in the Pa-
poose field with rotary tools and cable tools is given in Table 5.
The table is based on data shown in Tables 3 and 4. It takes into
consideration the cost of easing and drilling that prevailed in June,
1925. The cost of derrick, production equipment, cementing,

Table 5. Itemized Cost 'of Completing Wells in the Papoose)
and Cromwell Fields,

CABLE TOOLS,
DRILLING CONTRACT: 3340 Feet at $4.00 per foot $13,362.50
CASING COST:

20 Inch .90 Ibs. (Lap-weld) 55 Feet at $7.78 $427.90
16% Inch 170 Ibs. (Lap-weld) 619 Feet at 6.44 3,367.36
12% Inch 50 )bs, (Lap-weld) 1,023 IFeet at 3.10 3,171.30

10 Inch 40 1bs. (Lap-weld) 1,766 Feet at 2.42 4,271.30
8% Inch 32 lbs. (Seamless) 2,863 Feet at 2.24 6,413.12
6% Inch 24 Ibs. (Seamless) 3,112 Feet at 158 4,916.96

5-3/16 Inch 17 lbs., (Seamless) 3,320 Feet at 1.156 3,818.00

TOTAL COST (Less value of pulling|casing) _________________ $39,748.74

ROTARY TOOLS ‘
DRILLING CONTRACT: 3340 Feet at $6.00 per foot, $20,040.00
CASING COST: ' :

124 Inch 650 lbs. (Lap-weld) 40 Feet at $3.10  $124.00
6% Inch 24 lbs. (Seamless) 3,290 Feet at 158 5,198.20
Estimated cost of coring, 5 Days at $80.00 per day_____. 400.00

TOTAL COST oo S, e ___$25,762.20
' COMBINATION (ROTARY AND CABLE TOOLS)

DRILLING CONTRACT: -
3140 Feet (Rotary) at $6.00 per foot ________ $18,840.00

200 Feet (Cable) at $4.00 per foot __.______ 800.00
Day work oo 1,200.00

CASING COST: .

12% Inch 650 lbs. (Lap-weld) 40 Feet at $3.10  $124.00
8% Inch 32 lbs, (Seamless) 3,140 Feet at 2.24 17,033.60
6% Inch 24 lbs. (Seamless) 3,290 Feet at 1.68 5,198.20

TOTAL COST e $33,195.00

DRILLING PROCEDURE 31

fuel, water, and the hauling of casing and equipment have not been
included in the tables. T'or an itemized statement of costs in-
curred in drilling and completing wells in this district by cable
tool and combination methods, see a report entitled, ‘‘Petroleum
Engineering in the Cromwell Oil Field,”’ published by the U. S.
Bureau of Mines, December, 1924,

, The saving of a few days time in the completion of a well
and the consequent flush production obtained are advantages
gained by drilling and completing with rotary tools. In addition
to the decreased expense of rotary drilled and completed wells and
the time saving involved, account should be taken of the increased
efficiency of this method over cable tools hy bringing in large
wells under absolute control with no waste of oil and gas.

CASING USED.

The total amount of casing of various sizes used in complet-
ing 149 wells in the Papoose field is shown in Table 6. This table
also shows the average length per string and the total number of
strings pulled.

Table 6. Wells tn which various sizes and weights of casing
was used.
(Giving total number of feet and average depth at which landed)

Size Casing 20 1514 12% 10 84 6%  5-3/16
Inch Inch Inch Inch Inch Inch Inch

Weight of lbs. Ibs. lbs. lbs. 1bs. Ibs. lbs.

casing per ft. 90 70 - 50 40 32 24-26 - 17-20

No: of wells

in which used 132 147 149 145 148 137 45

Total No, ft,

of casing used 7,313 91,046 152,640 265,986 423,799 426,358 149,433
Average depth

landed in ft. b5.6 6194 1,023.8 1,765.4 2863.5 3,112.1 3,320.84
No. of wells in

which casing

has been pulled 31 112 111 106 16 8

In table No. 6 it is shown that the average casing program
used in the field was to start with 20 inch then 15% inch. 12!
inch, 10 inch, 84 inch and 65 inch. In the majority of wells the
156%% inch, 1215 inch, and 10 inch were pulled before the well was
completed and in some cases the 20 inch conductor. This left

;most of the completed wells cased with 8% inch—32 pound set at

an average depth of 2863 feet and 654—24 or 26 pound set at an

,average depth of 3112 feet. The use of lap-welding casing has
“predominated in the Papoose field. However, several operators
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"

Table 7. Collapsing pressures and capacities of lap-weld casing.

Water Capac-

Welght Collapsing Bquiv- Column ity

Nominal Per Ft. Actual Actual Thick- Pressure alent With Capacity Capacity Per

Size with Outside Inside ness Per Water Safety Per Lin-Per Lin- 100

Collars Diam, Diam. Sq. In. Celumn ¥actor ear Ft. ear Ft. Lin-
of 2 ear Ft.
Inches  Pounds Inches Inches Inches Pounds Feet Feet U. S. Gal Cu. Ft. Bbls.*
434 16 4.750 4.082 .334 4,710 10,850 6,426 6792 .0008 1.62
4& 9.5 4.760 4.864 .193 2,140 4,020 2,460 L1702 .1039 1.83
4 13 6.000 4.606 247 2,900 6,680 3,340 8281 1107 1.97
41, 16 5.000 4.424 .288 8,610 8,320 4,160 .7082 L1067 1.90
4 8 65.000 4.696 L1562 1,250 2,880 1,440 .8997 .1203 2.14
48 13 6.000 4.5600 .250 2,950 6,790 3,396 .8262 .1104 1.071
48 15 5.000 4.408 .296 3,750 8,630 4,316 1028 .1060 1.89
6-1 16 6.250 4.618 .301 3.680 8,260 4,130 .8814 L1178 2.10
5-3 /16 13 65.500 5.044 228 2,210 5,000 2,646 1.0380 .1388 2.47
6-3 /16 17 5.500 4.892 .304 3,400 7,840 3,922 .0764 1306 2.32
[ 1] 20 6.000 5.362 324 3,290 7,680 3,790 1.1677 .1661 2.78
6141 13 6.625 6.257 .184 1.020 2,860 1,176 1.5973 .2135 3.80
615 1 17 6.626 6.1356 246 1,820 4,190 2,006 1.5356 .2053 3.66
61 20 6.625 6.049 .288 2.380 6,480 2,740 1.491¢ .1994 3.66
61 21 6.626 6.921 .3562 3,220 7,420 3,710  1.4296 L1911 3.40
8% 26 6.626 5.865 .386 3,650 8,410 4,206 1.3974 .1868 3.33
61 28 8.626 6.791 417 4,070 9,380 4,600 1.3667 1827 8.23
64% 17 7.000 6.638 231 1,470 8,400 1,700  1.7440 .2331 An
684 20 7.000 6.466 272 1,080 4,560 2,280 1.6088 2271, .04
6% 24 7.000 6.336 332 2,130 6.280 3,140 1.6379 2190 3.00
654 26 7.000 6.276 362 3,100 1,140 3.570 1.6061 2147 3.82
6% 28 7.000 6.214 393 3,480 8.020 4,010 1.5739 2104 3.76
6% 30 7.000 6.164 423 3.850 8.870 4,436 1.5440 2064 8.68
7% 26 8.000 7.386 307 1,940 4,470 2,236 2.2240 2978 5.30
R & 32 8.625 1.017 ant 2,170 5.000 2.500 2.5672 3419 6.00
81 28 8.626 8.017 2304 1,670 3,860 1.926 2.620M .3503 G.24
81 32 8.626 7.921 362 2.150 4,960 2,476  2.65683 .3420 6.09
814 36 8.625 7.826 400 2.630 6,060 3.030 2.4962 .3337 5.04
814 kL 8.626 1.176 426 2,880 6,640 3.320 2.4048 3296 5.87
814 43 8.626 -7.661 A87 3,510 8,000 4.016 2.3R63 3190 5.6%
9% 83 10.000  9.384  .308  1.280  2.060 1,475 3.5A99 4709 855
10 40 10.760 10,054 348 1420 3.270 1.635 4.1210 .6r00 9.81
10 Ap 10.760 9.960 .395 1,800 4,160 2.076  5.0440 5408 9.63
10 48  10.7560 9.902 A24 2.030 4.680 2310  3.9978 6344 9.62
10 h4 10,760 9.784 .483 2.510 5.780 2.800  3.9062 5217 9.29
ii i7 11750 1i.000  .a75 1,880 3,180  1.590 4.0334  .6h95 11.74
11 60 11.760 10.776 .489 2.220 6,120 2,660 4.7307 6321 11.26
1184 40 12.000 11.384 .308 840 1.940 970  b.2827 .7062 1268
121, 4D 13.000 12.438 281 600 1,150 676 6.30R3 .8433  15.02
1215 46 13.000 12.360 .320 750 1,730 866 6.2298 .8327 14.83
1214 50 13.000 12.282 L3569 1.010 2,330 1.165  6.1497 8221 14.61
1244 b4 13.000 12.220 390 1,210 2.790 1,305  6,0869. ...8137 14.49
1314 B0 14.000 13.344 .328 640 1,470 736 7.2598 A706 17.29
1614 m 16,000 15.198 A01 79N 1,820 010 0.4150  1.26R4  22.42
193 /16 90 20.000 19,182 .409 430 080 490 16.012 2.0068 35.74

* 1J. S. Gallon, 231 Cu, In, 42 1. S. Gnllons, 1 Barrel. )
+ 14 Thread. } 111 Thread, § 8 Thread drive pipe.  Unlesa otherwise indicated pipe
ts 10 inch.

NOTE: To determine the collapsing pressures for seamless casing, It is suggested that
the collapsing pressures for lap-welded casing be increased by 20 percent. Read
explanation on collapring pressures of seamless casing.
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have reeently been using the smaller sizes of seamless steel casings
with very 'successful results.

Table number 7 shows the collapsing pressures and capacities
of different sizes of lap welded casing.

SEAMLESS CASING

The resistance to collapse is of unmost importance in the
selection of casing size and weight, and must be given serious con-
sideration in the casing of deep wells in any field. Some of the
chief factors that effect the resistance to collapse in steel casing
are the diameter of the casing, the thickness of the wall, the yield
point of the steel in compression, the elasticity of the steel, varia-
tion in wall thickness, and initial out of roundness of the cross-
section. It is claimed that these factors in seamless steel casing
make it superior to lap-weld casing in resisting collapse.

Professor H. A. Thomas, of the Carnegie Institute of Tech-
nology, has carried on an investigation with reference to the col-
lapsing pressures for standard seamless and welded casing. lle
has taken into consideration previous investigations pertaining to
the resistance of tubular products that were conduced by the
British Mannesmann Company and Professor C. B. Stewart of the
University of Pittsburg.

Tess have indicated than on an average, scamless casing
has a collapsing strength of 20 percent greater than Dr. Reid T.
Stewart’s formula indicates for lap-weld material.  The lighter
weights of the various sizes of scamless casing show a somewhat
higher value than 20 per cent additional collapsing strength over
the corresponding weights of lap-weld tubes, but the heavier
weights of seamless casing show slightly less than 20 per cent in-
crease. In the light of present data available it is felt that in gen-
eral not more than 20 per cent additional strength can be assigned
to seamlesss casing.  This applies to tubes which are being manu-
factured on a commerical basis and sold as casing.

It is possible to add alloys to material to be made into seam-
less cdasing which could not be used in lap-weld tubes. Collaps-
ing tests on seamless tubes manufactured from certain alloy steels
have shown results 80 per cent higher than those indicated by Dr.
Stewart’s formula. It is possible that extremely deep wells may
justify the additional expense incurred by the use of such alloys
in the manufacturce of special casing.

Casing manufactured from these expensive alloy steels could
be used on one-third of the string at the bottom, of the hole where
the collapsing pressure is the greatest, and on the one-third of
the string at the top where failure might result due to the parting
of the string. The center of the string could be made up of cheap-
er casing but of material strong enough to meet the collapsing and
tensile strength required for that depth.
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The following prices shown in Table 8, are _based on quota-
tions of June 1, 1925, f. o. b. Okemah or Holdenville, Oklahoma.

Table 8. Cost of Seamless and Lap-weld Casing

" Size Weight Cost per Foot
SEAMLESS CASING.
5-3/16 inch 17 lbs. $1.16
6% inch 24 lbs. 1.58
81 inch 32 lbs. 2.24
LAP-WELD CASING k
5-3/16 inch 17 1bs. $0.96%
G inch 24 1bs. 1.36
8% inch ' 32 1bs. 1.91
10 inch 40 lbs. | 2.42
12% inch 50 lbs. 3.10
161 inch 70 lbs. b.44
20 inch 90 lbs. 7.78

e ——————

I"rom the above quotations, it would seem that when ‘_add‘l-
tienal margin of safety is necessary the use of seamless casing 18
within reason from an economical standpoint..

SUGGESTIONS FOR RUNNING AND MEASUREMENT OF CASING

The importance of care in the running and making up of
long casing strings can not be over emphasized. ~ With improper
handling the best easing can not be expected to give §at.lsfact0ry
pesults.  Galling or “seizing’’ of the metal in the pipe threads
with the metal threads of the coupling, may he caused by inereased
pressure in making up the joints; by exc:essive speed in making
up the joints; by damaged pipe or coupling threads; by fore_lgn
material imbedded in the threads; or by lack of proper lubrication.
The increased power and speed now ugeg] in drilling machinery hqs
materially incercased the danger of ruining threads when casing 18

wed together.

sere (iliefo;}e the casing is put together in the derrick, the threads
on bhoth the pipe and the coupling should, be carefully cleaned and
thoroughly examined for burrs and dents.  In the event of any
burrs or dents showing on the entering threads, they §hou|d be
carefully removed. Frequently in handl.ing or in transit, t'he re-
cossed end of a coupling is bumped, causing a small projection on
the interior, which should always be removed heyond the depth
of the thread. The ends should also be examined to see that ti\ey
have not been flattened on either the pipe or the cou‘plmg. .1 ro-
tectors should never be entirely removed from the casing, until the
casing is hanging free in the derrick.
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Another frequent source of galling, is the improper stab-
bing of casing. This frequently causes the breaking off of a portion
of one of the end threads; which, coming in contact with the re-
maining threads is liable to result in galled threads and leaky cas-
ing. Whenever casing has been improperly stabbed. it should be
raised out of the coupling and examined, so that any defect may
be corrected prior to screwing up.

One of the large casing manufacturers states that in screw-
ing pipe together that not more than a circumferential speed of
15 to 20 feet per minute.be used after the threads have been rolled
in until they have become hand-tight, and that any faster speed
may result in heating, whieh will likely cause the threads to seize
and gall.

MEASUREMENT OF CASING.

The proper measurement of easing as put into a well is by
means of a steel tape from the top of the collar to the base of the
thread on each joint and is obviously more accurate than the over-
all method used in warchouse practice. The joints as measured’
should be accurately tallied as put into the well.

Although this method is practically accurate it does not give
the accuracy as when measurements are taken after being serewed
up. This can be done by placing a perforated wooden or cast iron
disc at some measured point above the shoe joint in a collar recess,
which depth in the well measured from time to time by a steel
or aluminum covered line will give the amount of casing inserted.
It should be checked however with the individually measured joint
tally. This method has been used with success in the Deaner ficld
by the Kingwood Oil Company.

PIPE THREAD LUBRICANT

All thread joints should be properly lubricated before screw-
ing up. The best lubricant is one that will interpose a permanent
film between the metal of the pipé or casing and the metal of the
coupling. Various types of . lubricants have been used. Until
very recently, crude oil or engine oil have been largely used in
cahle tool areas for this purpose, while in rotary tervitory, the
tool joints on the -drill pipe have been lubricated with various
compounds of lead and zine oxide mixed with oili. A disadvan-
tage in the use of oil alone is that friction and heat will break
down the protective film between the metal contacts.

A thread lubricant consisting of a compound of ground me-
tallic zinc mixed with oil is used by one of the larger manufactur-
ers of tubular products for lubricating threads preliminary to the
serewing up of the pipe couplings on the collar end.  This lubri-
cant is being used successfully by many of the larger operators in
the. Papoose and other Mid-Continent fields. The metallic zine
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content of the lubricant forms a permanent film between the metal
of the pipe and the metal of the coupling. The oil content is usgd
largely as a medium for creating a mixture easily applied that will
stick to the threads. DBy using this lubricant, it is claimed that
joints can be serewed up much tighter with less liability to thread
damage. The lubricant should be freely and thoroughly brushed
on with a small stiff brush after thoroughly cleaning and cxamin-
ing the threads. A soft pine stick is more suitable for cleaning
threads than a wire brush, sinee any damaged thread or indenta-
tion will be noted by this method and can be remedied before screw-
ing up a joint.

The cost of lubricant is negligible compared to the results ob-
tained by its use.  In small gquantities it can be purchased for
twenty-five cents per pound.  The amount used varies. On a
eertain deep well in Lineoln County, 30 pounds of zine thread
lubriecant were used in running a 5-3/16 .inch string to a depth of
approximately 4000 fect. :

PROTECTING CASING FROM CORROSION,

Jasing, either in a well or awaiting use in the supply- yard,
especially if recently pulled, should be protected from the elements
of corrosion. Casing when in the well, should be protected from
the action of civeulating corrosive waters. - 1t has been pointed
out by R. Van A, Mills, that this may be accomplished by filling
the annular spaces hetween the casing and the rock walls by mud
fhuid, oil mud fluid, or by the use of a cement jacket obtained
through the eement shut off method. :

Various prolective coatings have heen used for protecting
casing in stock. Crude oil, lubricating oil, and metallic base paint
are commonly used.  Casing manufacturers can recommend pro-
tective paints which have proved successful.  If the casing has
heen exposed for sometime and has become rusty, it should be
cleaned by wire brushes and some protective applieation given,
The appjication is, of course, more effective, if cach joint is treat-
ed separately by dipping or by means of brushes or cloths saturat-
ed with the protective paint or lacquer.” If the material is piled
and, the operator does not wish to treat each joint separately
spraying ean be done with a pressure spray or ordinary lawn
sprinkling can.  In this way the protective oil or paint is carried
down through the pile.

WILD WELLS IN THE PAPOOSE FIELD
There has been comparatively little waste from wild wells

“in this field. Two wells have blown the tools from the hole when
the sand was first penetrated.  Considerable damage resulted

DRILLING PROCEDURE ' 37

when the tools were blown out of Independent Qil and Gas Com-
pany’s Alexander No. 2, sec. 2, T. 9 N,, R. 9 5.

PLATE III.

The well was allowed to hlow dircetly into the air for sever-
al days at the rate of several thousand barrels a day, causing dam-
age by oil saturation to property around the well for some distance.
This, would not have occured if the well had been properly taken
care of. Such occurrences are always liable to happen in areas
where oil and gas wells are being drilled to high pressure produec-
ing zones, and too much precaution eannot be exercised in prepar-
ing a well with proper fittings to handle such an emergency with
no waste or property damage.

A large gas well located in see. 22. T. 10 N, R. 9 L, blew
wild for several weeks; the Burecau of Mines assisting the opera-
tors in bringing it under control with the use of mud fluid. The
well during drilling eould have been so provided with cemented cas-
ing that the time and expense lost in bringing it under control
would have been unnceessary. 1t is fortunate that it was con-
trolled without disasterous results.
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PLATE 1IV.

PLATE V.
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PART III. PRODUCTION
By
John R. Bunn

PRELIMINARY DISCUSSION

There are many factors involved in the rate and ultimate
production obtained from producing propertics.  Certain under-,
ground conditions affecting the production of a given area are its
position on the structure, the thickness and extent of the produe-
ing horizon, the porosity, texture and saturation of the pay strata,
and of its content, the nature and characer of the oil produced, the
amount of free and dissolved gas and the rock pressure, also the
position, proximity and naturc of any water bearing strata. Ad-
ditional factors influenecing the production of a well or property
are the proximity and number of adjoining wells and the times of
their bringing in.  Mechanical features in handling producing
properties, including the methods and cffectiveness of water shut-
off, the sand penetration, manner of final completion, regulation
of gas and oil flow, pumping equipment and recovery methods em-
ployed, are important factors in the ultimate produection of pro-
ducing properties.!  These factors have clearly shown their in-
fluenee in eontrolling the product.on of wells in the Papoose field.

RELATION OF PRODUCTION TO STRUCTURE.

It has been clearly shown in the Cromwell field that prop-
erties located on the striictural high points, have produced enor-
mous volumes of gas, but correspondingly little oil.  This gas was
largely dissipated into the air during the attempt of the operators
to obtain oil, by reducing the subsurface gas volume and pressure.
or hy deepening the wells into the productive part of the sand.
The enormous dissipation of gas, which for sometime was estimat-
ed at five million cubic feet per well per day, resulted in reducing
the gwas pressure over the entire productive area of - the field and
converting the depleted gas area of the sand into a potential res-
ervoir for oil migration with the consequent underground waste
of thousands of barrels oil.2

Tortunately such conditions have not prevailed in the Pa-
poose ficld, due, no doubt, to the fact that development of the ficld
has been comparatively slow, and has only recently extended to

1. Kirwan, M. J., and Schwarzenbek, F. X., Petroleum enzineering in the Deaner oil field.
Besl, C. H., and Lewis, J. O. Some principals governing the production of oil, Bulletin
194, Bureau of Mines, 1921, M

‘2. Rison C. 0., and John R. Op. cit.
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the higher portions of the structure, where the producing sand
contained free gas.

This condition of conservative field development has con-
tributed largely to the relatively slow decline of wells in the Pa-
poose field, and the increased yield per acre. What effects, how-
ever. the development will have on:the undrilled properties located
on the higher structural points can not yet be cited. . The few
gas wells recently eompleted in this area, although of large size,
have certainly not had initial volumes comparable to many of the
larger gas wells completed in the Cromwell field. Gas wells have
not yet been deepened to the oil level in the producing sand; hence.
it is not known what oil production could be obtained. It is quite
likely that the drainage of the .producing sand in the developed
area of lower structural elevations has reduced the rock pressure
of the gas area hy increasing its extent, thus, tending to displace
considerable oil oceuring in the Jower part  of the sand over the
struetural high, undrilled area.

Should this latter assumption hold, it is quite apparent that
properties loeated high strueturally, where the sand is largely
filled with free gas, will not yield wells of high initial oil produe:
tion, and ultimately, a comparatively small amount of oil per
acre, either when completed, during the initial development of the
field, or at a later date.

1t is true that the greatest amount of oil ultimately produced
on such properties on top of the structure could be obtained by
“early completion of the wells and the dissipation of the gas. Such
procedure, however, as amply demonstrated in the Cromwell field;
in aecompanied with disasterous vesults to all operators and is
against the policies and spirit of censervatjon.

Producing properties in the Papoose ficld as a whole, have
paid out rapidly and have already given a profitable return to
their operators.  In the Cromwell field many properties have not
yet paid out and it is oxtremely doubtful if some of them ever
will.  Using these two areas as different types of field development,
where conditions although not exactly gimilar, are quite compar-
able, it is conclusively shown that conscrvative field development
and maintenance of the frec gas arca through gas conservation,
results in a slower well deeline, and consequest greater ultimate
recovery of oil per acre.

(AS CONSERVATION

The inereased recovery and ultimate production of a ficld
obtained in the conservation of the free gas area through maintain-
ing it undrilled as a free gas arca has been previously discussed. Ad-
ditional recovery and ultimate produetion can be sohtained by the
utmost utilization of the free and oceluded gases associated with
the oil.  The forces of natural gas either absorbed in or closely
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associated with the oil are the chief factors in its movement to-
ward the well; the latter being a point of diminished pressure. Be-
cause of the important part played by natural gas in the recovery
of oil, the conservation of the gas within the oil sand is worthy of
the closest study by an oil producer of methods employed for such
conservation. ’

In the Papoose ficld very little attention has been paid to
the systematic flowing of wells by increasing the lifting efficiency
of the gas. Back pressures, other than those imposed by the use
of gas traps have not been employed. With few exceptions the
wells are allowed to, flow through 63 to 5-3/16 inch casing and
only tubed preliminary to pumping operations.  There has been
practically no use made of the advantages gained by flow beans,
constant and intermittent back pressures, and the flowing of wells
through small sizes of tubing. The application of these featurecs
on flowing wells can be used advantageously in this field.

The latest known measure of efficiency in oil recovery is
the quantity of gas produced per harrel of oil; the smaller the gas-
oil ratio, the greater the cfficiency of recovery. The belief that
the ultimate production ean be increased if the decrease in rock
préssure can be delayed by increasing the lifting cfficiency of the
gas produced per barrel of oil, is based on this principal.

Before a producing sand is first penetrated it is reasonable
to expect that the rock pressure is practically uniform throughout
the prcductive area.  As wells are completed, the pressure will be
lowered throughout the ficld, but because of the resistance offered
to passage of oil and gas through the sand, this reduction in prea-
sure doos not take place uniformily throughout the field.  The
oldest preducing areas become lowest in pressure, while undevel-
oped areas are found to still have high gas pressures when new
wells are drilled in.

_ Every completed well is a point of low pressure as compared
to the pressure in the producing sand at some distance from the
well.  Henece, with other factors being equal, the volume of oil
and gas produced by well depends on the differential pressure be-
tween the well and the producing sand adjacent to the well. The
greater the differential pressure the greater the flow of gas and
oil toward the well.

Swigart! said regarding the theory of differential pressure:

“It seems reasonable to expect that to obtain the greatest

ultimate quantity of oil from a sand, the differential pressure

between the well and the oil sand from which it produces

'should not be so great as to cause, ‘bypassing of the gas.’

Thus, while the rock pressure in a field is high, the back pres-

sure in a producing well should be comparatively high. As the

1. Swigart, T, E., Notes on the efficiency of flowing wells in the Dominguez field. Cal-

Ifornia. Productfon engineer, Shell Company of California.
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field rock pressure declines theé back pressure held on a well
should be stepped down ahead of the rock pressure.

“Eventually no back pressure can be held without seriously
reducing the daily oil productioﬁ, but by that time the gas
pressure in the oil sand should be so low that the tendency for
by passing of gas is small, ‘

“While back pressure may be desirable'from the stand-
point of efficient recovery, too much back pressure will usually
reduce the present daily oil production. The operator may be
forced to decide whether he prefers to produce oil at present,
but at the expense of lost work by some gas, or choose a
slower rate of oil recovery with more efficient use of the gas.
The proximity of neighboring wells and the manner in which
they are handled will obviously influence this decision to a
great extent.”

BACK PRESSURE ON FLOWING WELLS.

Back pressure on flowing wells is applied in two ways,
cither constantly or intermittently. A constant back pressure is
secured by placing a valve that may be regulated for any desired
pressure in the lead line between the well and the gas trap, or by,
placing a flow bean or nipple in the lcad line at the gas trap at.-the
top of the well or in the bottom of the tubing. Intermitten ap-
plication of back pressure or stop-cocking, as it is sometimes called,
consists in closing the wel! in entirely and then relicving the pres-
sure by opening the well at regular periods respectively.

During the summer of 1923 and spring of 1924 a series of
experiments with back pressures on some flowing wells in south-
ern Oklahoma were conducted.! The application of both constant
and intermittent pressures were used in these experiments.

The more favorable results were obtained by stop-cocking
as eompared to the use of constant pressure valves. In stop-cock-
ing the well was closed in part of the time without the escape of
any oil or gas, and when opened after the well had rocked up to
a given pressure, resulted in a flow of oil.  When constant back
pressure was applied by a valve sct for a given pressure, gas es-
caped continuously through the valve and was not accompanied by
a flow of oil. ‘

lixperiments with flow nipples were carried on in the Gra-
ham oil field of Carter County, Oklahoma. The most interesting
rosult was obtained at the Kaufman, McNaughton well No. 1,
see. 31, 7.2 8., R. 2 W.  The condition of this well and the results
obtained as deseribed in the engineering report on the Graham
field, follows:!

“This well was producing from one sand zone and was

1. Gearge, H, C., and Bunn, John R., Petroleum engineering in the Fox and Graham
oilficld. Carter County, Okinhoma, U. S. Bureau of Minen, 1924,
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drilled to 2650 feet where an 8% inch water string was set at
2550 feet, with no oil string or perforated liner used. The
packer was set 160 feet off bottom. The bottom of the tub-
ing was closed with a plug and a perforated nipple placed in
the tubing about 10 feet below the bottom of the packer. The
wcll had been producing from 20 to £5 barrels per day for
several months through two inch packed tubing. At 8:00 a.
m. on March 27, 1924, a flow nipple with one-fourth inch diam-
cter opening was placcd in the lead line at the well. During
the first 24 hours the well flowed 135 barrels. During the
second 24 hours about 100 barrels per day. At the cnd of
two months the well was still folwing 45 barrels per day or
twice the production at the time the flow nipple was intro-
d_uced. Up to June 1, 1924, the well had not been touched
since placing the flow nipple in the line.”

The flow nipple used on this well consisted of a piece of
two inch steel shafting six inches in length, threaded on both ends
with a two inch pipe thread. A one-fourth inch hole was bored
fengthwise through the center of the shafting.  The ends were
turned on a lathe, forming a beveled recess to the one-fourth inch
hole. 1t is possible that an opening three sixteenths ineh in diam-
cter would have given even better results on this well, since the

“well did not flow continuously, but by very short intervals. It is

also likely that a flow bean in the bottom of the tubing would
have resulted in a more efficient gas lift, since the expansive ac-
tion of the gas would have heen more fully utilized.  The result
of the first experiment on this well was so satisfactory that the
operator did not want to run the chance of changing the favorable
condition existing through further experimenting.

From the results of these experiments with back pressures
and flow nipples, it was apparent that the use of flow nipples or
small tubing of only sufficient internal sectional arca to accom-
modate the oil production by -constant flow would result in the
greatest efficiency of gas lift and conscquent oil recovery; also that
the degree of success attained by using flow nipples, depend large-
ly on their size and position. Obviously each well presents an in-
dividual problem and must be handied to fit existing conditions of
depth, gas pressure and volume, and gas-oil ratio.

Bxperiments on the effect of back pressures on pumping
wells have been carried on by Bureau of Mines engincers and sum-
marized by T. E. Swigart and C. R. Bopp in Technical Paper 322.
Iixperiments in the Use of Back Pressurcs on Oil Wells.

INFLUENCE OF EARLY WELL COMPLETION

The date of well ocmpletions on a property compared to the
time of offset completions on adjoining properties has a very im-
portant bearing on the flush and ultimate produetion obtained
from producing leases. It is well known as showr in the Crom-
well and Papoose fields that the.first wells drilled in an area will
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attain large flush production and drain considerable acrcage. The

extent of the arca drained without interference depends, of course.
on the porosity and uniformity of the sand, structural position and
the differential pressure between the well and the producing sand.

1t is clear that the operator who wishes to rcecover the greatest -

amount of oil from his property must be prepared to conduct his
drilling campaign in such manner as to offset any advantage his
immediate neighbors might gain by carly well completions.

Cutler! has discussed the effect of the time of drilling on
ultimate recovery in detail and gives much valuable data on this
question. S _
The law of equal expectation as advanced by Beal, Lewis,
Nolan, Darnell, and others, states that within the same pool, wells
of equal output, regardless of their relative ages, will in the future,
have approximately similar deeline eurves, cqual lives, and approx-
imately equivalent ultimate productions, or as worded by Lewis
and Beal:?

«If two wells under ~similar conditions produce equal
amounts during any given year, the amounts they will pro-
duce thereafter, on the average, will be approximately equal,
regardless of their relative ages.”

The truth of this law is now generally accepted, but it is
governed by many factors, any one of which may vary and cause
unusual irregularity.

METHODS OF STIMULATING PRODUCTION

in the Papoose field, agitation, swahbing, and shooting of

wells were tried to stimulaté or sustain production.
' AGITATION .

Agitation, or swinging of the tools in the hole was prae-
ticed on many leases during the flowing periods of the wells. The
operators of the Indian Tervitory 1llluminating Qil Company’s
Jease in see. 34, T 10 N R, 9 B, ran a twenty-four test to deter-
mine the effect of agitation by tools on their flowing wells, Tracil-
ities were such that individual well gages could be made. These
tests showed that agitation by swinging the tools in the fiuid
caused no inerease in production of these wells.

SWABBING.,

Agitation by swabbing was then tried with very satisfactory
results. It was found that hy pulling the swab a comparatively
short distance through the fluid, the well would immediately re-
spond with a flow.  All wells were then cquipped with swabbing

1. Cutler. W. W, Jr. Relation of drilling to campaign to income from oil properties,
Burenu of Mines Report of Invectigations, No. 2270, August, 1921,

2. Lewis. 4. O.. and DBenl, C. I, Some new methods of catimating the future production
of oil wells, Trans, A, I. M. E., Vol. 59, pares 492-625, 1918,
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strings.  One well crew swabbed all wells at short intervals to in-
duce the flowing of the wells by starting the swab out of the hole.
The production of all wells on the lease was materially increased
by this method.
o SHOOTING
. While some wells have been shot to obtain the maximum in-
itial production, the shooting of wells in the Papoose field has
been largely resorted to in an effort to sustain the production of
flowing wells. The shooting rceord and the results obtained by
shooting wells on certain leases in this field is shown in Table 9.
_ Table 9 shows that wells have been shot with shells of var-
ious sizes, containing from 3 to 15 quarts of liquid nitroglycerine.
The effects derived from shooting have been variable.  Any in-
crease in production, due to shooting, has been of short duration.
The greatest increase in production from shooting shown in
Table 9 was on the Gypsy, Williams, well No. 1, sec. 34, T. 10 N,

Table No. 9. Shooting records of certain wells in the. Papoose Field.
Well No. and Shot Amt. Shell Anchor Shot Placed Date of Production bbls. per

Location No. Qts. Size Slze Top Bottom Shot ay
. ) Before After In-
crease
Kingwood )
S'c}nds No, 2 1 2 1”x10' 3323 3333 11-20-24 193 246 49
Kingwood
Sands No. 2 1 3 2%"xp’ 1”x3’ 3308 3313 3-6-26 34 43 9
2 b 3"xp’ 1”x3’ 3308 3313 3-9-256 26 47 22
3 17 3"x5' 1”x3' 3308 3313 3- 9-26 25 47 22
. 4 10 3”x6’ 1”x2' 3308 3313 3-13-25 17 31 14
Kingwood
Sands No. 3 1 3 2"x6’ 1”x7° 3320 3325 3-16-26 383 393 10
2 b 2%”xb’ 1”xh’ 3318 3323 3-25-25 492 612 20
3 1 37xp’ 1”x3' 3308 3313 3-30-25
. 4 10 3"x5’ 1”x2' 3308 3313 4- 1-25 439 b75 136
Kingwood )
Sands No. 7 1 b6 2%”x5’ None 3324 3329 2- 6-26 10 29 19
Kingwood 1 5 2%”x5 None 3320 33256 2- 7-26 63 62 -1
Sands No. 8 2 10 3”x7' None 3316 3322 2-26-25 31 44 13
Gvpsy 1 b 1%7x10° 12° 3303 3313 4-10-25
W'l'ms No.1 2 10 2%”xp’ 12’ 3299 3304 4-10-2b 325 1015 670
Gypsy i b 3”xb’ 3309 3314 b- 7-26 260 278 18
Will'ms No. 2
Cosden )
Alex. No. 4 1 1b 3%"x8 3302 3310 4-23-26
Cosden .
Alex. No. 7 1 10 2%"x10’ 3304 3314 4-21-25
2 156 3"x10’ 3303 3313 4-22-26
gosden Alex. N
o. 10 1 10 2%”"x1¢° 2° 3313 2 -10-
(IEIOSdtirll Alex. 3325 4-10-26
0. 1 10 2%”"x10' 2’ -28-
N ik atex. 3318 3330 4-28-26
No. 12 1 5 1%”x10° 3 3295 3308 4-21-25

*Note: Wells Nos, 1 and 2 are guaged together,
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R. 9 BE. Two shots of 5 and 10 quarts, respectively, on the same
day increased the production of this well 670 barrels. The two pro-
ducing wells on the lease are gaged together, hence the increase
is only approximate. 'The combined production before shooting
the two wells was 345 barrels. The production the following 24
hours was 1015 barrels. ‘This shot resulted in, an increase of pro-
duection for several days and within 18 days the daily production
from the two wells had dropped to 335 barrels.

In oil well shooting, the charge is usually fired by some type
of squib, either a jack line or humper squib.  All of these types
have disadvantages which make their use in unskilled hands dan-
gerous.  Line of humper squibs should be strung in earcfully, and
an aceurate measurement taken to the top of each shell placed in
the well to eliminate damage to casing and liner by shooting too
high in the hole.

Certain mechanical and electrical timing devices for deto-
nating the charge have been successfully used, especially where a
large charge was fired. The devices are enclosed in small cast
metal shells and can be set for any predetermined time of detona-
tion and lowered to the top of the shell on the torpedo and de-
tached.  The use of these timed detonators result in a much higher”
degree of safey than is invelved in detonating by the various fypes
of squibs.  They are less expensive than ordinary clectrical de-
tonators, and also eliminate the danger of wire bridging when
shooting in this manner.  Tlowever, they have some diadvantages,
especially in light shooting.

When using one of these devices in firing small charges of
one and two quarts in deep wells, it is often difficult to determine
whether the explosion actually took plaee, unless a light line is at-
tached to the bomb and the explosion determined by the jerk of
the line.  There is one case on record in the Papoose field, where
an electrieal bomh did not detonate at the time set. The charge
was a small one, so the operators were uncertain as to whether or
not the charge had been fired.  Findily, a three prong grab was
run and the unfired bomb was fished out of the hole.

PUMPING WELLS

It has been the practice in the Papoose field to begin pump-
ing the wells when they have deelined to the stage where more
oil can be obtained by pumping than by infrequent flows. This
stage varies with conditions and individual wells. They are han-
dled in mueh the same way as are pumping wells in other deep
ficlds where the wells are pumped on the beam. Methods and
equipment used in the pumping of oil wells have been discussed in
a U. 8. Bureau of Mines Bulletin.?

1. Geoarge, H. C. Surface machinery and methods for pumping oil wells, Bureau of
Mines Bulletin 224, 1925. -
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PRODUCTION CURVES AND STATISTICS

The average daily production of the Papoose ficld, the num-
ber of producing wells, and the average daily production per well
by weckly periods, are shown by the graphic eurves in Figure 6.
The data represented in the curves cover a period of 53 weeks
ending April 7, 1925.  During the weck ending April 2, 1924, six
wells were producing an average of 1337 barrels per day; thus the
curve does not show the small initial production of the field up to
April 2, 1924. It may be noted from the curves that the peak or
highest average daily production of the field. (Papoose and Gil-
crease together) was reached during the week ending January 13,
1925, when 90 wells produced an average of 39,814 barrels per day.

The average daily production per well increased from 223
barrels during the week ending April 2, 1924, to 442 barrels per
day during the week ending January 13, 1925, when 90 wells were
producing 39,814 barrels per day. The average daily production
per week has since gradually declined until, during the week end-
ing April 7, 1925, 140 wells were producing an average of 179 bar-
rels per well per day. The total production of the field up to and
ineluding April 7, 1925, was approximately 6,878,772 barrels.

INITIAL PRODUCTION

The initial daily oil production from wells in the Papoose
field varied from 25 to 3600 barrels. The well of largest initial
production was the Independent 0il and Gas Company’s S. Alex-
ander No, 2, loeated in the N4, NEY,, NE, see 2, T. 9 N, R.
9 15. This well had a reported initial produetion of 3600 barrels.

The oil wells of highest initial production were those located just -

above the oil and gas contact.  These wells have produced con-
siderable gas with the oil,  Some wells, completed in the higher
struetural areas and which produced from immediately above the
gas-oil contact, were completed as oil wells. They produced from
95 to 40 million cubic feet of gas per day. No gas wells with vol-
umes comparable to many completed in the Cromwell field have
yet heen completed in the Papoose ficld. The average initial oil
production from 124 wells, as reported by the operating companies.
was approximately 801.33 barrels per well.

Two samples of ol were colleeted as produced“in the field,
one from the flow line of Charity Brown No. 3 in see. 17, T. 9 N.,
R. 9 E., and producing from the Gilerease sand. The results of this
analysis are chown in Table No. 10.  The other sample was from
Toble 111 No. 1 well in see, 9. T. 9 NG RO I5., and producing from
the Papoose sand.  The results of this analysis are shown in Table
No. 11.
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Table No. 10." Analysis of Crude 0il from Papoose-Gilcrease field.
: Gilcrease Sand

Sample Number 25334

Oklahoma Charity Brown No. 3 Wilcox
17-9-9. From Flow line. Gilerease sand
3061-3075"
Specific gravitv, 0.840 ' A. P. 1. gravity, 37.9
Per cent sulphur, 0.1 Per cent \Yater. pll
Saybolt Universal viscosity at 70°F., 57 sec. Pour point 20°F

Saybolt Universal viscosity at 100°F, 45 sec.

Distillation, Bureau of Mineis, Hempel Method

Air distillation Barometer 743 mm. First drop: 38°C (100°F)
Temperature Per Sum Sp. Gr. A.P. L Viscosity Cloud Temperature
: °C Cent Per Cut Cut 100 212 Test °F

Cut Cent °F °F °F

UP to 50 0.3 0.3 Up to 122
50— 75 1.0 1.3 .697 71.5 122—167
75—100 34 4.7 167—212
125—150 5.5 163 - .752 56.7 257—302
100—125 61 108 .733 61.5 212—257
150—175 5.3 21.6 .768 52.7 302—347
175—200 21 237 .182 49.5 347—392
200—225 b.8 29.5 197 46.0 392—4317
225—250 . b.b 35.0 .813 42.6 437—482
250—2175 63 413 .825 40.0 482—527

" Vacuum distillation at 40 mm.

Up to 200 45 45 .84b 36.0 41 Up to 392
200—225 5.4 9.9 .849 35.2 46 24 392437
225—250 6.2 16.1 860 33.0 58 44 437—482
250—275 5.2 213 872 30.8 89 60 482527
275—300 66 278 .B78 29.7 152 80 527—bH72

Residuum 27.6%. Distillation loss 3.3%.
Carbon residue of residuum 4.0%. Carbon residue of crude 1.109%.

Approximate Summary
Percent Sp.Gr. °A.P.L Viscosity

Light gasoline (end point 212°F) 4.7 679 71.5

Total gasoline and naphtha 23.7 743 58.9

Kerosene distillate 17.6 .812 42.8

Gas oil 9.0 847 35.6 °
Nonvicisious lubricating distiilate 10.9 .853-.873 34.4-30.6 50-100
Medium lubricating distillate 8.0 .873-.881 30.6-29.1 100-200
Viscous lubricating distiliate 0.0 Above 200
Residuum 27.6 .920 2.3

Distillation loss 3.3
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Table No. 11. Analysis of Crude Oil from Papoose-Gilcrease field.
Papoose Sand.
Sample Number 25335

Oklahorpa . Papoose Oil Company
Tobe Hill No. 1 in 9-9-9 Sand 3326' to 3332’ depth,

Specific gravity, 0.8656 A. P, 1, gravity, 32.1
Per cent sulphur, 0.1 Per cent water, Trace
Saybolt Universal viscosity at T0°F., 160 sec. Pour point 40°F.

Saybolt Universal viscosity at 100°F., 69 sec.

Distillation, Bureau of Mines, Hempel Method

Air_distillation Barometer 743 mm. First drop: 112°C (234°F)
Temperature per Sum Sp. Gr. "A.P.I.  Viscosity Cloud Temperature
°C Cent Per Cut Cut 100 212 Test °F
Cut Cent °F ‘F°F
Up to 60 Up to 122
50— 75 122—167
75—100 167—212
100125 0.3 0.3 212—257
125—150 0.3 0.6 175 bi.l 257—305
150—175 2.4 3.0 ’ 302—-347
1756200 5.6 8.6 .790 47.6 347—392
200—225 6.7 14.3 .803 44.7 392—437
2265—250 7.1 21.4 .816 41.9 437—482
260—275 89 30.3 .828 39.4 482527,
Vacuum distillation at 40 mm.

Up to 200 5.3 5.3 847 35.6 42 Up to 392
200—225 9.7 16.0 .848 35.4 45 28 392—437
225H—250 7.0 220 .869 33.2 b7 48 437—482
250—276 81 301 871 31.0 80 68 482527
275300 7.8 379 877 299 123 84 527—572

Residuum 30.0%.  Distillation loss, 0.9%.
Carbon residue of residuum, 3.06%. Carbon residue of crude, 0.95%.
Approximate Summary

. ) . Percent Sp.Gr. °A.P.lL. Viscosity
Light gasoline (end point 212°F) 0.0

Total gasoline and naptha 8.6 .786 48.8
Kerosene distillate 12.8 .810 43.2
Gas oil 22.6 .841 36.8
Nonviscous lubricating distillate 16.1 .853-.874 34.4-30.4 50-100
Medium lubricating distillate 8.1 .874-.880 30.4-29.3 100-200
Viscous lubricating distillate 0.0 Above 200
Residuum 30.9 .918 22.6
Distillation loss 0.9 ’

PART IV. SUB-SURFACE WATER CONDITIONS
By
John R, Bunn

POSITION OF WATER IN TIHE PAPOOSE SAND

The normal water level in the Papoose sand is not uniform
throughout the producing arca of the field. Certain wells have
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found water much decper stratigraphically in the sand than other
nearby wells, while other wells have found water oceuring higher
in the sand than was expected. This later condition is more apt
to occur on the lower structural points where an irregular water
level is due-to & combination of coning up and pulling in of the
edge or bottom water line, eaused by the intensive drilling and the
large initial production of adjacent wells located higher on the
structure.

Water in the Papoose sand has occured high structurally
in certain wells located on the north and east edges of the field.
This condition may be attributed largely to the structural position

Table No. 12. Reported dala on certain wells producing water
from the Papoose Sand

Company and Lease Well Loeatfon First Surface Depth Remarks
No. Section Water Elev. Below

Twp. & Depth Sea

Range Level
Foster Inv. Co.
C. Tiger 2 4- 9-9 . 3337 793 2544
Champ. & Wink'r .
Simon 1 4- 9-9 3369 814 2645 Water in top

sand, Abandoned

Champ. & Wink'r

Simon 2 4- 9-9 33417 810 2537 Water in top
) sand, Abandoned
Sinclair O & G Co.

Fredonia Willis 1 6- 9-9 3328 784 2544 Water in top
sand, Abandoned

Transcontinental .

Betsey Carter 2 5- 9-9 3360 802 2568 Water in top
sand. Abandoned

T. B. Slick

McKay b 3- 9-9 3308-12 1766 2542

Mid-Continent
W. Alexander 2 2- 9-9 3321-32 1774 2547

T. B. Slick

Bruner 2 2- 9.9 3343-45 792 2551

C. L. McMahon :

Dunson 1 35-10-9 3379-89 803 2571 Water in top
sand. Abandoned

Prairie O & G Co.

Westbrook 4 36-10-9 335617 822 25297

Prairie O & G Co. )
B. F. Davis 1A 34-10-9 3321 716 2545

Prairie O & G Co.
B. F. Davis 8A 34-10-9 3304-167 783 26217

Mid-Continent i
_W. Alexander 3 3- 9-9 3304-12 1770 2534 Abandoned.
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CEMENTING CASING

Casing may be eemented by either the dump bailer, tubing
method, displacement mecthod using two plugs or displacement
method without plugs. These methods have been thoroughly dis-
cussed in previous Bureau of Mines publications.!

The two plug displacement process, as controlled and car-
ried on by the Halliburton Oil Well Cementing Company has been
used for cementing casing in certain wells of this field. This pro-
cess is considered the most efficient from the standpoint of oper-
tiop and convenence. Casing may he successfully cemented off
bottom with this method. ,

The number of completed wells cemented by the two plug
process in this area previous to April 30, 1925, is shown in Table
13. This tabulation shows the number and location of wells, the
depth and size of casing string, the date of cementing, and the
amount of cement used.

WATER PRODUCTION IN THIE PAPOOSE FIELD

Considerable water is now being produced from, the earlier
completed wells in the Papoose field, as shown by Table 14. It
probably can be accounted for as cncroaching edge water or bot-
tom water in the lower portion of the producing sand.

When water is produced with oil there is danger of its
emulsification with the oil which is due largely to agitation in pro-
ducing and to the presence of colloidal matter which aes as an
emulsifying agent. In flowing wells the oid is agitated by the
turbulent flow of the oil from the well aided generally by the stir-
ring effect of the gas being produced with the oil. In pumping
wells, there are two sources where agitation resulting in emuls f -
cation may take place; namely, in the working barrel and in the
tubing.  Wells producing water should be repaired at the earliest
possible date, since the handling of large quantities of water means
increased operating cost and may effcet the marketability of the
oil produced, because deterimental cmulsions are often formed.
Sueh emulsions are difficult and costly to break up so that clean
pipe line oil can be made available for sale.

Besides adding to the expense of operations through extra
cost of lifting, and cleaning emulsified oil when formed, water in-
filtration has a detrimental tendency in decreasing ultimate pro-
duction. In flowing wells it reduces generally the flow period
and in all wells it has a ruinous effeet tending to flood the produe-
tive sands. The subsurface inflow of water to & well has an all

1. Tough. F. B.. Methods for shutting off water in oil and pas wells, Bulletin 133, Bur-

eau of Mines, 191R, .
Swigart, T. E., and Beecher, C. E., Manual for oil and gas operations, Bulletin 232. Bur-

eau of Minea, 1023.
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Table No. 13. Wells cemented by the two plug method in the
Papoose Field.

Size Amt. of
Date Company Well Location Depth Pipe Cement
No. Sacks

3.10-24 T, W. Adkins 1 19- 9-9 2500 658
2.22.24 Turman Oil Co. 1 16- 9-9 2894 81 200
3-28-24 Smyer & Stein 1 20-9-9 2936 8% . 100
4-24-24 Papoose Oil Co. 1 4- 9-9 3321 654 163
4-19-24 Mohawk Drilling Co. 1 17- 99 2951 8% 176
5-21-24 Papoose Oil Co. 1 9- 9-9 3230 5-3/16 60
G-21-24 Champlin & Winkler 1 4- 9-9 3150 5-3/16 * 30
6-29-24 Gilcrease 0il Co. 2 20-9-9 2962 8% 300
6-30-24 Mohawk Drilling Co. 2 17- 99 2964 8% 300
7-11-24 Margay 0il Co. 5 17- 99 3003 84 450
7-14-24 Gilcrease Qil Co. 3 17- 99 2956 8% 450
7-21-24 “Margay Oil Co. 6 17- 9-9 3000 8% 450
7.29-24 Roxana Pet. Corp. 1 17- 99 2982 8% 350
10-29-24 Gypsy 0il Co. 1 34-10-9 3175 654 60
11-16-24 Ind. Terr, 11, Oil Co, 2 34-10-9 31179 6% 50
11-18-24 Mid-West & Gulf 0Oil Co. 2 33-10-9 3339 5-3/16 50
11-29-24 Mid-West & Gulf Oil Co. 2 33-10-8 3339 5-3/16 76
12- 3-24 Gypsy 0il Co. 2 33-10-9 2188 6% 50
12-28-24 Cosden Qil & Gas Co. 4 3- 99 3250 6% 45
1- 8-25 Ind. Terr. & Barnsdall 3  34-10-0 3134 6% 35
1-12-25 Cosden Oil & Gas Co. 10 3- 9-9 3080 8% 100
1-14-26 Phillips Pet. Co. 1 3- 99 3100 6% 40
1.19-25 Ind. Terr. & Barnsdall 6 34-10-9 3434 65 35
1-23-25 Cannon & Ryan 3 3- 9-9 3305 5-3/16 240
1-24-25 1Indp. 0il & Gas Co, 4 2- 9-9 3137 6% 35
1-25-265 Indp, Oil & Gas Co. 5 2- 9-9 3335 5-3/16 25
1-26-25 Gypsy Qil Co. 3 34-10-9 3172 6% 50
1-26-25 Prairie Qil & Gas Co. 3 35-10-9 3357 6% 50
9. .25 Prairie Oil & Gas Co. 4 34-10-9 3285 6% 40
9.12.25 Cosden 0il & Gas Co. 10 3--9-9 3128 6% 20
2-15-25 Kingwood Oil Co. 4 36-10-9 3397 G 20
2. 7-25 Cosden 0il & Gas Co. 4 35-10-9 3302 5-3/16 35
9.17-25 Cosden 0il & Gas Co. 1 35-10-9 3313 5-3/16 15
2.24-25 Gupsy Oil Co. 4  34-10-9 3160 8% 100
2.98.25 Gypsy Oil Co. 9 3- 99 3282 63 30
3- 4-25 Prairie 0il & Gas Co. 8 34-10-9 3283 6% 30
3-11-25 Cosden 0il Co. 12 3- 929 3265 658 22
3-13-26 Indp. Oil & Gas Co, 6 2- 9-9 2748 8% 50
3.13-26 Prairie Oil & Gas Co. 1B 34-10-9 3156 8% 200
3-13-265 Carter Oil Co. 4 33-10-9 3130 6% 50

3.14-26 Cosden Oil & Gas Co. 11 3- 9-9 8%
3-30-25 Prairie Qil & Gas Co. 2 34-10-9 3150 8Y% 200
4-12.25 Prairie Qil & Gas Co. 2 34-10-9 3112 81 200
4-13-26 'T. B. Slick 0il Co. 1 2- 9-9 3328 5-3/16 50
4-13-¢5 Indp. Oil & Gas Co. 7 2- 9-9 2929 81 B0
4-13-25 Indp. Oil & Gas. Co. 6 2- 9-9 3105 6% 35

4-17-25 Ind. Terr. 1ll, Oil Co. 1 19- 9-9 3400 8%
4-21-25 Ind. Terr. 11, Oil Co. 1A 34-10-9 3200 6% 30
4-23-25 Indp. Oil Co. 7 2- 9-9 3098 GYs 30
4-26-26 _Indp. Oil Co._ 3 4-9-9 3331 5-3/16 60
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important place as a problem to an operator which demands most
careful study in every field.

METHODS OF WATER EXCLUSION,

o In remedial'w.ork on oil and gas wells for the exelusion of
infiltrating water it is necessary to make a very systematic study
of wells affected in conjunction with a study of the field. Iirst
a knowledge of the location of the possible sources of water in the

Table No. 14. Reported daily water production of the Papoose
Pool, April 20, 1925,

Well Amount of water

Company Farm Location No Produced in bbls.
Per day

Amerada Palmer 36-10-9 1 45% water
450 from 3 wells

Berry Alexander 4- 9-9 2 Cuts oil and

Carter P. Johnson 33-10-9 shows water

Carter P. Johnson 33-10-9 ] Shows water

Carter P. Johnson 33-10-9 4 35

Cosden W. Alexander 3- 9-9 1 Cuts 4%

Cosden W. Alexander 3- 9-9 8 Cuts 4%

Foster Inv. Co. C. Tiger 4- 9-9 1 90

Foster Inv. Co. C. Tiger 4- 9-9 2 40

Foster Inv. Co. C. Tiger 4- 9-9 3 80

Foster Inv. Co. C. Tiger 4- 9-9 4 21%

Foster Inv. Co. Ogle 4- 9-9 1 80

Independent Barnett 33-10-9 1 16

Independent S. Alexander 2- 9-9 1 1

quependent S. Alexander 2- 99 2 Cuts 7%

K!ngwood H. Sands 35-10-9 2 5

Kingwood H. Sands 35-10-9 6 10

I{Ixng)vood H. Sands 35-10-9 8 2

Continental J. Turner 4- 9-9 1 150

Papoose Alexander 4- 9-9 1 100

Papoose Alexander 4- 9-9 2 20

Papoose Alexander 4- 9-9 4 150

Papoose Alexander 4- 9.9 b 175

Papoose Alexander 4- 9-9 T 75

Papoose Alexander 4- 9-9 9 100

Papoose ] Tobe Hill 9- 9-9 1 150

g:gggzi .} Simon . 4-9-9 1 100

¢ . Sim - 9-

Robinson & Amerada M. Ca?‘?er 3- g-g % !1?80

Robinson & Amerada M. Carter 4- 9-9 2 45

Robinson & Amerada M. Carter 4- 9.9 4 5

Robinson & Amerada M. Carter 4- 9-9 5 60

Robinson & Amerada M. Carter 4- 9-9 6 50

Prairie Davis 34-10-9 1A 3

Preirie Davis 34-10-9 8A b

Prairie Westbrook 35-10-9 2 5

Prairie Westbrook 35-10-9 4 2%

Skelly Carter 499 1 10

Transcontinental Tiger 4- 9-9 6 40
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various formations must be had.  These must be studied with ref-
erence to the structure.  Next individual well studies of the wells
needing repairs requires by test and investigation where the water
is coming from and what work is neeessary to overcome it. These
tests inelude the inspection of production data, hoth oil and water,
and the production methods used. The investigation includes an
enginecring study of the subsurface structure, and the mechanieal
conditions of the well, the latter being the depths and water shut
off effectiveness of all casing shoe landings with respect to the
various formations penetrated.

sase or edge water in the producing sand is the chief source
of water trouble in the Papoose field. The production of water
from this souree is caused hy drilling the wells too deep in the
sand or from later encroachment of water in the sand as the oil is
drained.

In order to shut off this water, the hottom of the well must
be plugged. lLathe cuttings, lead wool, and mechanical plugs have

Table No. 15. ANALYSES OF PAPOOSE

Papoose sand Papoose sand Papoose sand Gilcrense Sand Gilcrcasegt:l_xa

3310°---3311" 3347'—3374° 3326'—3332° 3000'— 8061'—30176°
24-10 9 24-10 9 9-9-9 34-10 0 17-9-9
LT.I.O. 1.T.1.0. Papoose Co. 1.T.I.O. Wilcox

. Willlams Williams T. Hil Williams Charity Brow
No. 4 No. 4 No. 1 No. 4 No. 3
Silica SiO2 200 400
Iron Fe 2,094 2,004 140 2,094 140
Calcium Ca 9,175 9,266 10,268 8,755 12,943
Magnesium Mg 1,424 1,424 1,633 1,369 2,497
Sodium Na 46,920 46,354 52,018 40,265 47,131

Carhonate CO .

Bicarbonate }{CO,‘ 43 18 37 61 24
Sulphate SO4 495 483 247 240 242
Chloride Cl 95,032 94,324 102,834 84,040 102,834
Total Solids 155,184 163,953 167,267 136,824 166,211

Reactional valwes expressed

Silica SiO2

Iron Fe 1.39 1.40 .09 . 1.68 .08
Calcium Ca 8.51 8.65 8.81 9.19 11.11
Magnesium Mg 2.17 2.19 2.16 2.317 3.53
Sodium Na 37.93 37.76 38.94 36.86 35.28
Carbonate 001

Bicarbonate HCOq .02 .01 .01 .02 .01
Sulphate SO" 19 .18 .09 A1 .09
Chloride Cl 49.79 49.81 49.90 49.87 49.90
Total Solids 100.00 100.00 100.00 100.00 100.00

Spec., Gravity 1.1077 1.1087 1.112 1.097 1.116
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been successfully used in plugging off bottom water and encroach-
ing edge water in the lower part of producing sands. In gener-
al these methods are unsatisfactory and not recommended, ex-
cepting that lead wool has found an emergency use in stopping a
heavy flow of water long enough to allow a subsequent permanent
cement plug to be placed. Lead wool might find another good
use in plugging where the plug is not longer than one foot. It is
advisable to make all such plugging jobs safe by using cenient.

Practically all bottom hole plugging in the Papoose field
has been done with lead plugs or lead wool. One well, namely,
Indian Territory Iluminating Oil Company J. Williams No. 4, was
sueeessfully plugged back with cement. This well had heen
drilled to a depth of 3382 fect in order to determine the total
thickness of the Papoose sand. The well was plugged back to
3305 {eet with cement placed by the dump bailer method.

When cement has been correctly placed, sufficiently set and
tested in the bottom of a hole the operator knows definitely that

FIELD WATERS. (Parts per million.)

Water Sand Water Sand Water Sand Water Sand Water Sand Water Sand Water Sand
2720'—2730 -1586°— 1056"— 825'—8hK0 660"— 450"— 195’—
22-9-9 22-9-9 22-9-9 22-9-9 22-9-9 22-9-9 22-9-9
Gypsy Gypsy Gypsy Gypsy Gypsy Gypsy Gypsy

F. Bowlegs F. Bowlegs F. Bowlers F. Bowlegs F. Bowlegs F. Bowlegs F. Bowlegs
0. No. 1 No. 1 No. 1 No. No. 1 No. 1

400 150 300 200 200 90 30

2,792 3,141 4,188 2,094 4,188 1,675 35

10,338 6,161 5,770 3,847 4,047 1,655 80

1,883 1,622 1,664 1,206 1,336 542 39

42,649 23,367 23,591 19,431 17,024 11,372 1,574

6

b5 61 66 49 140 12 1,110

23 74

93,083 55,318 56,736 42,552 42,552 24,171 2,021

151,200 89,710 92,304 69,401 69,487 39,5117 4,969

in percentages (Palmer)

1.90 3.61 4.68 3.09 6.23 4.40 .81

9.82 9.83 8.99 7.92 8.40 6.06 2.59

2.95 4.01 4.28 4.08 4.57 3.26 2.08

35.33 32.65 32.05 34.91 30.80 36.28 44,52

.15

.02 .03 .03 .03 .10 .01 11.84

.02 1.00

49.98 49.97 49.97 49.95 49.90 49.99 37.01

100.00 100.00 100.00 100.00 100.00 100.00 100.00

1.104 1.066 1.067 1.050 1.051 1.029 1.002
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water from points below the top of the cement plug has been shut
off and that any additional water produced must necessarily come
from above the plug, at some point up the hole. The U. S. Bureau
of Mines recognizes cement to be the best material for plugging
off water and recommends its use in preference to any other prod-
uet or mechanical plug. 1t has the advantage of flowing readily,
thus filling all irregularitics in the wall of the hole, and under
favorable conditions makes an excellent bond with the side wall.

WATER ANALYSES.

Water analyses may be used in some fields to advantage in
the determination of the source of water in a well when represen-
tative samples from the producing and overlying sands have been
previously obtained and analyzed for ecomparison.

The analyses of waters from the diferent sands of this area
arc shown in Tahle 15.  The samples of water from the differcnt
wells were obtained with the cooperation of the various companies
that operated the wells, and are thought to be representative
samples of the sands from whieh taken. Time and opportunity
were not available for making a full study of the use of water an-

alysis in the Papoose field but the analyses of several waters are’

included in Table 15 for the preliminary use of the engineer or
operator doing any further water work by analysis in the field.

BOTTOM HOLE PLUGGING WITH CEMENT

In the repair of wells that produee edge or bottom water in
the Papoose field, it is recommended that cement, placed in the
hole either by the tubing or dump baling method, be used to plug
off the water. :

Before repair work is started, the well should be accurately
gaged as to oil and water production over a period of at least

three days and a similar gage taken after the repair work is done

in order to determine the results obtained before commencing any
additional work on the well,

The hole should be eleaned out to the bottom and the total
depth aceurately measured before the cement is placed.  In meas-
uring the well, the steel line measurement should he checked by
cable or sand line measurement.  In many instances .a steel meas-
uring line has become permanently stretched and will give inae-
curate results; also, cavings or heavy mud and friction against the
gside wall will sometimes make the “pickup’’ difficult to determine.

THE TUBING METHOD

When the tubing method is used, the cement can be placed
at any predetermined level by raising the tubing to that level after
the cement has been placed, and all excess cement can be washed
out by circulating water down through the tubing and up out of
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the casinghead. A detailed deseription of this method is given in
a U. S. Bureau of Mines publication.!

THE DUMP BAILER METHOD

As only a small amount of cement need usually be placed in
bottom hole plugging, and since the irregular water level will
necessarily make the procedure one of stage plugging, the dump
bailer method is recommended in preference to the tubing method
in the plugging back of the affected wells in the Papoose field.

Preparatory to the placing of cement in the well, the water
coming into the hole from the sand should be allowed to reach its
level so as to prevent the washing and channeling of cement by in-
coming water. A saving in time may be gained by filling the hole
with clear, fresh water. This will also insure a hard setting of
the cement plug. : ‘

In bottom hole plugging with the dump bailer method. the
amount of cement necessary to fill the hole a given height should
be computed before the cement is placed in the well. It is ap-
parent that irregularities in the size of the hole will make the
height of the cement plug uncertain and thus necessitate the plac-
ing of an additional amount of cement if the plug is not of sufficient
height or the drilling out of a portion of the piug, should it be too
high. This, however, can be readily accomplished, the only dis-
advantage being the time loss involved.

The amount of cement necessary to furnish a-plug of a giv-
en height, may be computed by reference to Table 16, which gives
the capacity per lincar foot for holes of different diameter in cubic
feet, and the number of linear feet filled by one sack of cement.

In computing the necessary amount of cement, a small allow-
ance must be made for a certain amount of cement at the top of
the plug that will not set, due to washing. Where only a small

Table No. 16. Capacity per lineal foot and capacity per 100 feet, in

cubic feet for various sized holes; number of sacks cement required

to fill 100 linear feet; and number of linear feet filled by one sack
cement in various sized holes.

Size and Actual Capacity Capacity Number Sacks Number of
Welght Inside Per Per 100 Cement to Lincar Feet
of Caning Diameter Linear Linesr Fill 100 Filled by
Foot Foot Linear Feet® 1 Sack Set
. - Cement
Inchea [.ba. Inches Cu. Ft. Cu. Ft. Snrets Fert
10 40 10.054 5509 55.09 50.081 2.00
8% 28 - 8.017 .3503 35.03 31.836 3.14
8% 32 7.921 .3420 34.20 31.090 3.22
65 24 6 336 2190 20.20 19.909 5.02
5-3/16 17 4.892 1305 13.05 11,863 8.43

*One sack dry cement contains approximately 1 cubic foot.
One sack set cement mixed with 409, water contains approximately 1.10 cubic feet.

1. Tough, F. B,, Methods of shutting off water in oll and gas wells, Bulletin 163. Bureau

of Mines.
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60 PETROLEUM ENGINEERING IN THE PAPOOSE OIL FIELD

guantity of cement is used and the hole is of small diameter, not
more than one lincar foot should be computed.

SUGGESTIONS FOR USE OF DUMP BAILER.

A cement hox should be provided and placed immediately
adjacent to the casinghead on the vig tloor. It should be of suf-
ficient size, so that coment can be easily and quickly mixed. A
convenient size for jobs on decp holes where a small bailer is used,
is 2 cement box 4 feet by 6 feet, with side walls one foot high. A
small sluiee door or gate, should he built in one end with a sheet
metal spout attached.  The mixing box should be mounted on legs
or hlocked up to a height from 2V to 3 feet above the derrick
floor, and so placed that the spout end is above the casinghead and
will pour mixed cement diveetly into the top of the bailer when it
is hanging in the hole even with the spout. .

When the mixing box stands above the floor, the cement is
more casily mixed and conveniently handled, and the box is above
all easinghead connections and fittings,  The mixing box should
be slightly ineclined toward the casinghead so the cement will tun
readily through the sluice gate when opened.

The cement should be mixed neat (without sand) and with
clean water to a consistency as thick as ean be handled by a dump
bailer and, at the same time, if free from all lumps and foreign
matter. A relatively thick mixture consisting of 40 pounds of
water (5 gallons) per sack of cement (about 94 pounds) is recom-
mended.  Mixing should be done as rapidly as possible and ce-
ment placed immediately after mixing. Not more than two hours
should be used in placing any one portion of the plug and 24 hours
should intervene between each stage.  Only sufficient cement
should be mixed at one time to fill the dump bailer.  While the
loaded bailer is being run in the hole another bateh should be mix-
ed to be ready for use when the empty bailer is withdrawn, if
more than one hailer of cement is used.

The loaded dump bailer must be lowered carefully in the
hole to prevent tripping and dumping of the cement up the hole,
lilkely to be caused when entering the top of the fluid or by com-
ing in contact with some obstruction.  When the bottom of the
hole has been reached, as shown by pickup of bailer, and accurate-
ly placed flag on sand Une, the hailer should be raised and lowered
a few feet to insure trippng of lateh-jack.  The bailer should thn
be slowly withdrawn to allow the eement to pass out of bailer with
as little agitation and washing action as possible, There are
other good dump bailers than the latch-jack type which may be
used and require different methods of dumpineg.  After the Frst
{le\]\' hundred feet the bailer may be pulled more rapidly from the

ole.

WATER EXCLUSION 61

CEMENT.

Any standard brand of Portland cement in good condition
may be successfully used in oil well cementing. It is considered
good policy to first test a small portion of the cement to be used.
before cementing of the well begins. In this test the cement
should be mixed with the same water to be used in the mixing at
the well and allowed to set in a suitable jar filled with the water
that will be contained in the hole of the well and after 24 hours
inspected for hardness of set.  This will give an - indication of
whether the well water will have any disturbing influence on the
setting of the cement.

One brand of cement now on the market containing a high
percentage of aluminum hardens very quickly, although the in'tial
set is slightly slower than Portland cement.  Tests have shown
this cement to take its final set in sixteen hours and to be as hard
as ordinary Porland cement, which has set seven days. This ce-
ment has been widely recommended for oil field use and has becn
suceessfully used in most instances. It should find especial value
in repair work where quick hardening qualities are required.
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