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SOUTH-CENTRAL UNITED STATES WELL-BORE BREAKOUT DATA CATALOG

By Richard L. Dart

P INTRODUCTION

This catalog contains well-bore breakout data from a large number of
selected wells located within Oklahoma and Arkansas and parts of Texas,
Colorado, and Kansas. Because the data are from wells located over a broad
area extending from the Texas Panhandle to the Mississippi River, the study
area is subdivided into nine subareas that correspond approximately to
different structural provinces (fig. 1).

A well-bore or borehole elongation is a symmetrical enlargement of the
cross sectional geometry of the borehole primarily in one direction, extending
vertically along the well bore for some distance. Vertical deviation of the
borehole can cause well-bore elongations to be generated mechanically during
drilling (Plumb and Hickman, 1985), and well-bore elongations can be induced
by in-situ stress concentrations about the borehole (Bell and Gough, 1979,
1982; Zoback and others, 1985). Stress-induced well-bore elongations are
referred to as "breakouts" (Bell and Gough, 1979; Gough and Bell, 1981). The
preferentially oriented washout (POW), another kind of well-bore elongation,
is thought to be a stress-related elliptical enlargement of the well bore
whose extent of development is influenced by the action of circulating
drilling fluids. POWs can also be indicators of stress orientations; however,
they do have less well defined preferred orientatons than breakouts (Dart and
Zoback, 1987). There is some indication from the data that a fourth type of
oriented borehole enlargement might be drilling-induced hydrofractures.
Drilling-induced hydrofractures may develope when hydrostatic pressures exceed
horizontal compressive stresses about the well-bore. Discussions of breakouts
as stress indicators can be found in Fordjor and others (1983), Plumb (1982),
Mastin (1984), Teufel (1985), Haimson and Herrick (1985), Kaiser and others
(1985), and Zoback and others (1986). The technique for locating and
measuring breakouts on dipmeter and fracture identification well logs, as well
as the statistical treatment of breakout data, is given in Dart (1985).

DATA PRESENTATION

Tables 1 and 2 list criteria for evaluating well-log and breakout data
quality. Table 1 is a rather subjective ranking of well-log quality that
takes into consideration log readability, degree of hole deviation from
vertical, borehole smoothness, rate of tool rotation, and the quality of
breakout development. Table 2 is an objective statistical rating of breakout
data by well, based on the minimum number of breakouts read and the mean
angular deviation of their orientations (Zoback and Zoback, 1987). The
results of the application of these two quality ratings to the data are listed
by well in tables 3-11.

Breakout data are treated statistically as circular normal distributions
of two dimensional vectors, where breakout orientation is vector direction,
and vector length can be either the number of individual breakouts with a
given

¢



TABLE 1.--Well-log quality

Rating

Conditions

Very
good

Good

Fair

Poor

Strong rotation; clean, distinect traces, well bore is smooth.

Breakouts are distinet and terminate abruptly; they can be clearly
distinguished from other types of well-bore elongation. Vertical
deviation of the borehole is not a problem and very little scatter

appears among breakout orientations.

Good rotation; traces are clean and distinct; and the well bore is

relatively smooth with some pitting. Most breakouts are distinct
and terminate abruptly; zones of washout may occur in the vicinity
of breakouts; although breakout orientations are fairly consistent,
some of the data used may be pows, and some of the observed well-

bore elongations may be deviation induced.

Trace quality is diminished. Very few, if any, distinect breakouts

are seen, and most usable elongations are pows. Deviation-induced
elongations and zones of washout may be common; the well bore can
be pitted and irregular. Overall, usable data is limited but
reliable. Some scatter or variation may exist among breakout

orientations.

Very little usable data; usable elongations are pows. Deviation-

induced elongations and zones of washout may be common. Useable
data is of questionable reliability, and orientations may be random

or strongly bimodal.




TABLE 2.--Well-bore breakout
statistical quality data

Rating Angular Number
deviation of
(degrees) breakouts
A <12 >6
B >12-<22 4
c >22-<26 <4
D : >26-<30 Any number
No Good >30 Do.




orientation or the total vertical feet of breakout at a given orientation.
Statistical calculations of mean direction (@), standard error of the mean
(SE), and mean angular deviation (g) for each well data set and subarea data
composite are also given in tables 3-11. The appendix contains a discussion
of the calculation of these statistics.

Mean angular deviation is a measure of the dispersion of observed
breakout orientations about the mean direction. Mean angular deviation
differs from standard deviation in that it is a calculation of dispersion of a
circular distribution, not a linear distribution of data, although their
results will be similar (Batchelet, 1965). With breakout data, where
orientations are grouped in either 1° intervals for individual wells or 10°
intervals for subarea composites, the mean angular deviation as calculated is
the deviation of observations about a mean direction. Because the mean
direction for a distribution of breakout data is calculated from a number of
independent orientations each with its own mean angular deviation, standard
error of the mean direction is calculated (tables 3-11).

Well-log data and breakout results for each of the nine subareas are
presented in: (1) well-location base maps (figs. 2, 4, 6, 8, 10, 12, 14, 16,
and 18), (2) tables of well-log data and breakout results (tables 3-11), and
(3) rose diagrams of breakout frequency (figs. 3, 4, 6, 7, 9, 10, 12, 13, 15,
16, 18, 19, 21, 22, 24, 25, 27 and 28). 1In addition to the rose diagrams of
breakout frequency for all individual wells, composite rose diagrams for each
subarea, exclusive of data sets with angular deviations >26° ("D"-quality
statistical data and data considered to be '"no good") are included. These
unused "D" and "no good" (NG) quality data sets generally have inconsistent,
random data orientations. Bimodal, orthogonally oriented data sets will also
likely have angular deviations >26° but are used. The most likely explanation
for bimodal/orthogonally oriented trends in individual well or composite data
sets is that one orientation corresponds to the minimum stress direction, the
direction of true breakouts, and the other trend is the result of drilling-
induced hydrofractures or natural fractures oriented in the maximum stress
direction.

In tables 3-11, only "A" thru "C" quality data sets have orientations of
SHmax listed. Scatter in breakout orientations in poorer quality data sets
prevents the reliable evaluation of S . Also, no orientation of S max is
given for bimodal/orthogonal data sets. Statistical calculations of mean
direction, mean standard error, angular deviation, and S ax listed in tables
3-11 are based on the totals of number of breakouts for individual wells and
subarea composites (see Appendix). These statistical calculations are given

in degrees.

The statistical qualities of some individual well data sets are down
graded in tables 3-11 from the criteria listed in table 2. This happens in
cases where only two breakouts are observed in the borehole. A "D" quality is
given if the two breakouts agree in orientation but are not separated by more
than 1,000 ft of well bore. Also, statistical qualities are lowered for some
individual well data sets if their rose diagrams indicate that a greater
degree of data scatter exists than that shown by the value of their angular
deviations.



Because of possible logging-tool limitations of caliper pad-size and
variability in tool-rotation rates, the detection of short breakouts and the
measurement of their azimuthal orientations are questionable. For this
reason, borehole elongations shorter than 8 ft in length are excluded.

RESULTS

Data from wells located across the central part of the study area between
the Anadarko Basin and the Mississippi Embayment form a data set that is both
consistent and of high quality. It is therefore possible to infer an east-
northeast regional orientation of maximum horizontal stress (SHmax) from the
data (fig. 29). This finding agrees well with a hydrofracture measurement
from central Oklahoma of N. 65° E. (Zoback and Zoback, 1980) and the Texas
Panhandle of N. 40°-60° E. (Gustavson and Budnik, 1985), and with the
northeast-southwest compressive stress field inferred for the Midcontinent
province (Zoback and Zoback, 1980).

Future publications will address attempts to resolve the apparent
ambiguities in well-bore elongation orientations among wells in several
subareas (Arkoma, Palo Duro-Dalhart, and Marietta-Ardmore Basins). Randomness
in inferred stress directions (see well-location maps) and bimodal breakout
orientations (see composite rose diagrams) may be associated with one or more
of the following: (1) analyst error, (2) hyrofracturing of the well-bore (or
opening of preexisting fractures oriented in the inferred SHmax direction) by
elevated hydrostatic pressures due to drilling mud weights, (3) near-surface
gravitational stresses resulting from local changes in topographic relief
(Savage and others, 1985), and (4) a reorientation of the regional stress
field in the vicinity of the ends of large en echelon strike-slip faults
(Rodgers, 1984).

This catalog is a companion publication for two other reports currently
being prepared: "Stress induced well-bore elongations in southern Oklahoma
and the central Texas Panhandle--stress implications and stratigraphic
relationships" (Dart) and "Stress orientations from borehole breakouts in the
south-central United States" (Zoback and Dart). The analysis of this large
data set is ongoing and future reports (currently in preparation) will discuss
the results of this study more fully.
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Anadarko Basin (feet):
Composite

n= 7919.0

w E  r= 26190

mean= 169.9 degrees
angular dev.= 19.3 degrees

S

N
Anadarko Basin (number):
Composite
n= 120.0

w E - ‘230

mean= 169.6 degrees
angular dev.= 26.5 degrees

S

FIGURE 3.--Composite rose diagrams of Anadarko Basin breakout orientations.
The rose diagram for total feet of breakout is positioned above the
diagram for total number of breakouts. Diagrams are scaled in 10°
intervals. Listed are (1) the basin in which the wells are located, (2)
the composite identification, (3) totals of feet (n) and number (n), (U4)

the radius or maximum frequency (r), (5) circular mean of the data, and
(6) angular deviation of the data.
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Anadarko Basin (feet):
oK 8

a= 700

= 700

mean= 07.0 degress
angular dev.= 0.0 degrees

Anadarko Basin (number):
oK 8

n= 1.0
,.

m.ulu dn- g 0 degrees

Anadarko Basin (feet):

oK 4

a= 100.0

r= 920

mean= 167.3 degrees
angular dev.= 168.8 degrees

Anadarko Basin (number):
0K 4

ne 6.0

b L

mean= 133 (] dog;

FIGURE 4.--Rose diagrams of Anadarko Basin breakout orientations.

Anadarko Basin (feet):
oKX 1
n= 200

Axindub Basin (number):

D= 1 o
P

nelar o 50 Gogroes

Anadarko Bastn (feet):

1.7 dogrese

&.am Basta (aumber):
a= 8,0

Toane 108.1
angular dev.= ) m

For each

well, the rose diagram for total feet of breakout is positioned above
Diagrams are scaled in 10°
intervals, Listed are (1) the basin in which the well is located, (2)
the individual well identification, (3) totals of feet (n) and number
(n), (4) the radius or maximum frequency (r), (5) ecircular mean of the
data, and (6) angular deviation of the data.

the diagram for total number of breakouts.
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Anadarko Basin (feet):
oK e

ne 233.0

re 202.0

mean= 170.3 do%rm
angular dev.= 3.4 degrees

Anadarko Basin (number):
oK e
ne 2.0

T 1.0
mean= 174.0 dog'm
angular dev.= 5.0 degress

Anadarko Basin (feet):
oK 8

n= 178.0

re 1780

mean= 167.8 degrees
angular dev.= 1.0 degrees

Anaderko Basin (number):
0K 8

ne 2.0

Te 2.0

means 165.5 degrees
angular dev.= 2.5 degrees

FIGURE U4.--Continued.
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E ]

ne 45.0

me “igudogm
mean= 161,

angular dev.= $.6 degrees

Anaderko Basin (foet):

[ &4

a= 100

r- 100

mean= 37.0 degrees
angular dev.= 0.9 degrees



Anadarko Basin (feet):
oK 11

n= 481.0

r= 201.0

mean= 159.6 degrees
angular dev.= 13.6 degrees

Anadarko Basin (number):
oK 11

R= 2.0
r=

6.0
mean= {50.8 de,
angular dev.= 14.8 dogrees

Anadarko Basin (feet):
oK 14

n= 188.0

= 120.0

mean= 32.6 degrees
angular dev.= 7.2 degrees

Anadarko Basin b an).

OK 14

n= 20

r= 1.0

mean= 30.6 degrees
angular dev.= .6 degrees

FIGURE 4, --Continued.
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Anadarko Basin (feet):
oK ¢

n= £8.0

e 1824 dagroce
mean= .

angular dev.= .8 degrees

Anadarko Basin (number):
ox 9

D= 30

= 1.0

mean= 182.0

angular dev.= 21.8 degrees

Anadarko Basin (feet):
ox 12

r= 147.0
mean= 23.1 4 o8
angular dev.= !6.5 degrees

Anadarko Basin (number):
oKX 12
b= 4.0

= 2.0
mean= 18.6

08
angular dev.= 17.2 degrees



Anadarko Basin (feet):

oK 18

a= 79.0

= 654.0

mean= 1562.56 degroes
angular dev.= 10.7 degrees

Anadarko Basin (number):
oK 18

a= 3.0

r= 1.0

mean= 143.3 dogrees
angular dev.= 14.5 degrees

Anadarko Basin (feet):
oK 18

n= 248.0

r= 181.0

mean= 161.7 dogou
angular dev.= 2.2 dogrees

Anadarko Basin (number):
0K 18

o= 3.0
= 2.0

means 160.7 dogoo.
angular dev.= 2.4 degroes

FIGURE 4.--Continued.
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Anadarko Basin (feet):
oK 18

n= 2900.0

r= 199.0

mean= 150.9

angular dev.= 10.8 degrees

Anadarko Basin (number):

T 4.0
mean= 168.1
angular dev.= 30.0 degrees

Anadarko Basin (feet):
oK 17

n= 101.0

r= 688.0

mean= 180.9

angular dev.= 1.8 degroes

Anadarko Basin (number):
0K 17

D= 3.0

me ’igl 1 degrees
mean= 161.

angular dev.= 11.7 degrees



Anadarko Basin (feet):
0K 22
= §33.0

© re 2040

mean= 494 Teos
angular dev.= 10.8 degrees

Aneadarko Basin (number):
OK 22

D= 9.0
= 3.0

mean= 3.7 dagou
angular dev.= .3 degrees

Anadarko Basin (fest):
0K 26

n= 36.0

r= 360

mean= 8.0 degrees
angular dev.= 0.0 degrese

Anadarko Basin (number):
0K 28

R 1.0

= 1.0

mean= 8.0 degreecs
angular dev.= 0.0 degrees

FIGURE M4.--Continued.
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ax. 4
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Anadarko Basin (feet):
0K 19

n= 280.0

e 'n‘.g. 4 d

means= K oswl
angular dev.= .0 degrees

Anadarko Basin (numbar):
0K 19

n= 9.0
b d 3.0
mean= 2.6

angular dev.= .0 degrees

Anadarko Basin (fest):
0K 24

n= 372.0
r= 180.0

moanw= 4.8 dcgm
angular dev.= 36.8 degrees

Anadarko Basin (number):
OK 24

n= 3.0

= !.!)“6 od

mean= . cgni
angular dev.= .8 degrees



N
Ansdarko Basin (feet):
OK 37
n= 225.0
E  r= 1100
mean= 13.5 degrees
angular dev.= 6.3 degrees

Anedarko Besin (number):
OK 27 60
= X
P o se degre
mean= on
angular dev.= 6.1 degrees

N
S
N
Ansdarko Basin (feet):
OK 34
n= 1710
E ;= 1170
mean= 56.7 degnu
angular dev.= .0 degrees
38
N

Anadarko Basin (number):
OK 34 20
n= 3

E = 10
mean= 34.0 degrees
angular dev.= S52.9 degrees

FIGURE 4.--Continued.
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D

Anadarko Basin (feet):
oK 26

n= 68.0

re= 220

mean= 10.9 d
angular

dev.= m“domn

Anadarko Basin (number):
oK 28

n= 40

Tean= 13.4 degre

mean= 13. 08
angular dev.= £0.0 degrees

Anadarko Basin (feet):
0K 31

n= 80.0

r= 480

mean= 104.9 degrees
angular dev.= 12.0 degress

Anadarko Basin (number):
oK 31
a= 30

r= 1.0
mean= 102.7 d o8
dov.= 14.5 degrees



N
Anadarko Basin (feet):
N :1‘37 0
n= .

v E  r= 2700

mean= 172.2 degrees
angular dev.= 13.5 degroea

S .

N

Anadarko Basin (number):
0K 38
E n= 7.0

r= 30
mean~ 186.7 on
dev.= 12.7 degrees

S
N
Anadarko Basin (feet):
v E 1= 1400

mean= 160.4 degrees
angular dev.= 10.7 degrees

S

N

S

Anadarko Basin (number):
oK 38‘ 0
n= 4.

E r- 20
msan= 164.3 dq;n.
angular dev.= 17.0 degrees

FIGURE Y4.--Continued.
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Anadarko Basin (feet):
0K 38

o= 508.0

r= 146.0

mean= 144.8

angular dev.= $8.6 degreos

Anadarko Basin (number):
0K 38

n= 16,0

r= 4.0

mean= 100.8

angular dev.= .8 degrees

Anadarko Basin (feet):

n= 824.0
= 816.0

m‘l"f:'tagba

Anadarko Basin (number):
B= 40

:m- I'N.l dngn.



Anadarko Basin (feet):
0K 40

n= 376.0
r= 230.0

mean= 157.0 4
angular dev.= .?; degrees

Anadarko Basin (number):
OK 40

n= 4.0

r= 20

mean= 168.0 degrees
angular dev.~ 10.5 degrees

Anadarko Basin (feet):

0K 42

n= 170

= 170

mean= 176.0 doarm
angular dev.= 0.0 degrees

Anadarko Basin (number):
0K 42
= 1.0

Tean='i78.0 4
mean= .0 degrees
angular dev.= 0.0 dogrees

FIGURE 4.--Continued.
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Anadarko Basin (feet):
0K 39

n= 136.0

Teane o101 1

means=

angular dev. -“m.‘m.

Anadarko Basin (number):
0K 3¢
n- 3 0

m— l“ ] «g«l
angular dev.= 8.8 degrees

Anadarko Basin (feet):
0K 41

n= 40 0

ro

B e

Anedarko Basin (number):
0K 41 ‘ o
=

Taean=i7 moaﬂ



Anadarko Basin (fest):
0K ot

= 8.0

r= 8.0

mean= 13.0 degrees
angular dev.= 0.0 degrees

Anadarko Basin (number):
0K 91

o= 1.0

e v ?a 0 d

means= egrece
angular dev.= 0.0 degreee

Anadarko Basin (fest):
0K 984

n= 124.0

r= 710

mean= 23.3 doqu-
angular dev.= .1 degreee

Anadarko Basin (number):
oK 94

o= 4.0

= 2.0

mean= 21.3 degrese
angular dev.= 8.3 degrees

FIGURE 4.--Continued.
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Q/

Anadarko Basin (feet):
oK 44

n= 218.0
r= 110.0

oL .

Anadarko Basin (number):
0K 44

n= 6 o
b
mean= 130 0

angular dev.= E 9 degrees

htduko Basin (foet):

oK 9%

n= sao

™

mtn-l'hﬁdgm
angular dev.= 9 degress
Anadark. (oumber):
0K 92 )

D= 2.0

™ 1.0

mean= 135.0 d-guc
angular dev.= 5 degrees



N N
Anadarko Basin (feet): Anadarko Basin (feet):
OKDT“O 0‘“100
= X - X
v E = 200 v E r~ 100
mean= 89.8 degrees mean= 134.0 degrees
angular dev.= 13.5 degrees angular dev.= {4 degrees
R ] s
N N
Anadarko Basin (number): Anadarko Basin (number):
OK 97 oK 88
v E @ v E oo
mean= 658.8 dofuu mean= 134.0
angular dev.= 13.4 degrees angular dev.= 0.0 degrees
S S
N N
Anadarko Basin (feet): Anadarko Basin (feet):
o lﬂ% 0 = :%G 0
- X D= 5
v E - o v E ra 8100
- 31, o8 mean= 179. d‘f"‘
:‘:ﬁu dov.= .g..a degrees angular dev.= .7 degrees
s S

N N
Anadarko Basin (pumber): Anadarko Bastn (number):
oK xogo oK 00‘ 0
v E 1 30 v E r- 20
mean= 3.4 dogu mean= 1.4
angular dev.= 3 degrees angular dev.= 3 degrees
S S

FIGURE y.--Continued.
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Anadearko Basin (feet):
0K 103

ne= 433.0

r~ 313.0
mean= 1.7 d

608
angular dev.= 18.1 degrees

Anadarko Basin (number):
0K 102
n= 3.0

r= 10
mean= 4.9 d.g‘
angular dev.= .0 degrees

Anadarko Basin (feet):
oK 105

nw 367.0
r= 200.0
mean= 1.8 degrees
angular dev.= 7.2 degrees

Anadarko Bastn (number):
oK 108

n= 7.0

r= 4.0
mean= 1.0 degr
angular

dev.» g g degrees

E:IGJRE y.--Continued.
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Anadarko Bastn (feet):
oK 101
3-1208.0

- 187.3
:l.‘\..ﬁn'dn- !g 7 degrees

Anadarko Basta (number):
i

=
mm- 1007 d
tngular dev.=” 516 dogrees

Anadarko Bastn (feet):
oK 103

n= 45.0

r= 48.0
mean~ 108.0
angular dev.= 1.4 degrees



Ansdarko Basin (feet):
oK 107

a= 480

r=  45.0

mean= 186.0 degrees
angular dev.= .0 degrees

Ansdarko Basin (number):
0K 107 ‘0
n= A

= 1.0
mean= {88.0 degrees
angular dev.= .0 degrees

Anadarko Basin (feet):
OK 109

r= 85.0
means= 153.3 degrees
anguler dev.= 14.8 degrese
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FIGURE 4.--Conti nued.
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FIGURE 4.--Continued.
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FIGQURE 5.--Hugoton embayment well-location map. Well locations with inferred
orientations of Sy, .. are solid dots with bars, and open circles are
well locations with data sets that were "no good." Only wells having
statistiacl data qualities of "A" thru “"C" are plotted with stress
orientations. Wells having "D" quality data are solid dots. sHmax
orientations are weighted by length, "A" qualities are the longest and
"C" qualities the shortest. Structural and physiographic provinces are
heavy solid lines. State boundaries are dashed-dot lines and county
boundaries are thin solid-dashed lines. The well location for TX50 can
be found on figure 8, o S
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Hugoton Embayment (feet):

Composite
n= 420.0
L E = 1450

mean= 168.5 degrees
angular dev.= 29.8 degrees

S

N
Hugoton Embayment (number)
Composg.%
n= 13.

W E .= 4.0

mean= 166.8 degrees
angular dev.= 30.1 degrees

S

FIGURE 6.--Composite rose diagrams of Hugoton embayment breakout
orientations. The rose diagram for total feet of breakout is positioned
above the diagram for total number of breakouts. Diagrams are scaled in
10° intervals. Listed are (1) the area in which the wells are located,
(2) the composite identification, (3) totals of feet (n) and number (n),
(4) the radius or maximum frequency (r), (5) circular mean of the data,
and (6) angular deviation of the data.
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FIGURE 7.--Rose diagrams of Hugoton embayment breakout orientations.
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well, the rose diagram for total feet of breakout is positioned above
Diagrams are scaled in 10°
intervals. Listed are (1) the area in which the well is located, (2)
the individual well identification, (3) totals of feet (n) and number
(n), (4) the radius or maximum frequency (r), (5) circular mean of the
data, and (6) angular deviation of the data.

the diagram for total number of breakouts.
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FIGURE 7.--Continued.
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FIGURE 8.--Palo Duro-Dalhart Basins well-location maps A and B. Well
locations with inferred orientations of S max are s0lid dots with bars,
and open circles are well locations with data sets that were "no
good." Only wells having statistiacl data qualities of "A" thru "C" are
plotted with stress orientations. Wells having "D" quality data are
solid dots. SHmax orientations are weighted by length, "A" qualities
are the longest and "C" qualities the shortest. Structural and
physiographic provinces are heavy solid lines. State boundaries are
dashed-dot lines and county boundaries are thin solid-dashed lines. Map
B is an enlargement of the area northwest of Amarillo, Texas.
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Palo Duro—Dalhart Basins (feet):
Composite

n= 2583.0

r= 448.0

mean= 28.7 degrees

angular dev.= 36.3 degrees

Palo Duro—Dalhart Basins (number):

Composite
n=  98.0
r=  13.0

mean= 13.4 degrees
angular dev.= 38.1 degrees

FIQURE 9.--Composite rose diagrams of Palo Duro-Dalhart Basins breakout
orientations. The rose diagram for total feet of breakout is positioned
above the diagram for total number of breakouts. Diagrams are scaled in
10° intervals. Listed are (1) the basins in which the wells are
located, (2) the composite identification, (3) totals of feet (n) and
number (n), (4) the radius or maximum frequency (r), (5) circular mean
of the data, and (6) angular deviation of the data.
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0
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mean= g dugm
angular dev.= .3 degrees
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a= 130

mean= 13.4

angular dev.= S“Mm

FIGURE 10.--Rose diagrams of Palo Duro-Dalhart Basins breakout orientations.
For each well, the rose diagram for total feet of breakout is positioned

above the diagram for total number of breakouts.

10° intervals.

Diagrams are scaled in
Listed are (1) the basins in which the well is located,

(2) the individual well identification, (3) totals of feet (n) and
number (n), (4) the radius or maximum frequency (r), (5) circular mean
of the data, and (6) angular deviation of the data.
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FIGURE 10.--Continued.
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FIGURE 10.--Continued.
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FIGURE 10.--Continued.
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FIGURE 10.--Continued.
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FIGURE 10.--Continued.
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FIGURE 10.--Continued.
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FIGURE 10.--Continued.
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FIGURE 10.--Continued.
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FIGURE 11.--Midland Basin well-location map. Well locations with inferred
orientations of SHmax are solid dots with bars, and open circles are
well locations with éata sets that were "no good."™ Only wells having
statistiacl data qualities of "A" thru "C" are plotted with stress
orientations. Wells having "D" quality data are solid dots. ax
orientations are weighted by length, "A" qualities are the longest and
"C" qualities the shortest. Structural and physiographic provinces are
heavy solid lines. State boundaries are dashed-dot lines and county
boundaries are thin solid-dashed lines.
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Midland Basin (feet):

Composite
n= 986.0
W E  r= 3940

mean= 176.4 degrees
angular dev.= 25.8 degrees

S

N
Midland Basin (number):
Composite
n= 24.0

W E r= 50

mean= 165.8 degrees
angular dev.= 25.7 degrees

S

FIGURE 12.--Composite rose diagrams of Midland Basin breakout orientations.
The rose diagram for total feet of breakout is positioned above the
diagram for total number of breakouts. Diagrams are scaled in 10°
intervals. Listed are (1) the basin in which the wells are located, (2)
the composite identification, (3) totals of feet (n) and number (n), (4)
the radius or maximum frequency (r), (5) circular mean of the data, and
(6) angular deviation of the data.
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FIGQURE 13.--Rose diagrams of Midland Basin breakout orientations. For each
well, the rose diagram for total feet of breakout is positioned above
the diagram for total number of breakouts. Diagrams are scaled in 10°
intervals. Listed are (1) the Basin in which the well is located, (2)
the individual well identification, (3) totals of feet (n) and number
(n), (4) the radius or maximum frequency (r), (5) circular mean of the
data, and (6) angular deviation of the data.
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FIGURE 13.--Continued.

54

Midland Basin (feet):
TX 61

n= 148.0

Theans 160.7 dogress
mean= 3

angular dev.= 25.4 degrees

Midland Basin (number):
X 61

n= 6.0

Tean= 180.0 dogrese
mean= 180.

abguler dev.= 21.7 degrees



‘22 92J4n31J UO punoJ 8q

ued £240 JOJ UOT1BOOT TTeM 8yl °S9UIT POYSEP-PTITOS UTYU] dJe §3TJepunoq
Aqunod pu®B S3UTT 30P-POYSEP 8JB SO TJBPUNOQ 83B1S °"SSUTT PIIOS £Aeay adJe
sooutaoud oTydeadoisAyd pue TeJniloNJlS °1693J40Us 9yl sa13iT1Eenb ,9, pue
1$98U0T 9yq adJe saT13ITENDb vy, ‘U3BusaT £Q po3udioM 8JB SUOTIIBRIUSD TJO mmemm
*S10p PIIOS adJe eqep Lq1Tenb ,q, BuTABY STIOM °SUOIJBQUDTJO SS9J1S

y3tm pe3jord aue 0, NUU3 ¥, JO S9T3TTend ejep TOoBT3S11R3S SuTARY STTOM

£TuQ .°pPoc8 ou, 9JeM qBU] S19S B1BD Y3IM SUOIIBOOT [IOM 9JB S8TOJTO
uado pue ‘sJeq y3m s30p p11os odJe XPWHg 3o suo1ieqUETJUO pouusJUT

U3TM SUOTIBOOT TT9M “dew UOT4e00T-TToM UTETd TR3ISROD JIND--f| HUMOIJ

S$37IN OF (+]
L 1 1 i ]
1 J v 1 | L}
SHILINOTUN 0S 0
o€6 o¥8 0§86
o€EF - - - - - Ls _ —
| 7
J
— ﬁW/H(— —Q 1130 _
BIqQWNjod _ < ) BS®D 1 N
. N
\o:oa:u._ Nv) Y- v . “\( ~ N
— —| 2iuv / ﬂuv ' -
—_ __
== _ _ 7 YNVYNHYX3L
_ _ ﬂ)w ﬁ ejmog
5 ¢SIv
N AN
BPBAON _ - S \ ht (;&\w wlw _ J0ALH pOYH
" | peersawen ¢ oA 011 ."\nN.of\ _
- | T . - ‘e
J( S - _ _ - «v /Qt\.. “ _ w«..\cu
\ ! | \ “ X fJ
| \ =, o
%i®[D S ~ 2 FLITY T ﬂ{r_ ureIInooN f\.
T T =N PIBMOH
\ omd <~ — !
o€ A} _ 1 m —

55



*3[qU[IRAR ¥ITP OU 238IIpul sayse(
“PIIVIS ISTMIIYIO SSI[UN [IAI] ©IS MOl2q 329 ut axe syadaQ

! vLEY gecy
a[quuoiysanb-fepourigy —_ e z'LI €91 ON 004 1 4 zee -860¢ -¥€6 0oyy oSy 869°06~ | TIO'¥E | Mvd0UuD | €TMHO
1469 09¢L
68 81 ¥'9 6L1 q ey 8 1 44 -9628 -QILT 19¢L 11€ 6¥Z°€6- | €LE'€8 | ®QWMOD | LTYV
3j1sodmod a1y 98 LT 6'q 9.1 - — 8 144 _— —_ — —_ — —_ — ‘dmod
wopyemAd@ | Jouxmg | mopadg | Auend | Hyend | 3squmy EEY (35) 1eazaquy | (3) eazaquy | () qadaq | (35) 1342 smeN
$3TIWWOD x»mypg | avinldcy | pispuess asIW re13s13vIs 307 noyvaig | snoyuvaxg eyeq \vouuoa M punoxn -3uo e £Lyanod M

are[d [eiseop Jjmd

UTeld [e35E0) JIND oyl 103 €3ep oI10q-TToM--*/ HTAVL

56




Gulf Coastal Plain (feet):

Composite
n= 446.0
L E = 3760

mean= 2.0 degrees
angular dev.= 18.2 degrees

S

N
Gulf Coastal Plain (number):
Composite
n= 8.0

W E r= 6.0

mean= 176.7 degrees
angular dev.= 16.8 degrees

S

FIGURE 15.--Composite rose diagrams of Gulf Coastal Plain breakout
orientations. The rose diagram for total feet of breakout is positioned
above the dlagram for total number of breakouts. Diagrams are scaled in
10° intervals. Listed are (1) the basin in which the wells are located,
(2) the composite identification, (3) totals of feet (n) and number (n),
(4) the radius or maximum frequency (r), (5) circular mean of the data,
and (6) angular deviation of the data.
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Gulf Coastal Plain (feet):
P 1416 0
v % E  r-3780
mean= 1.8 dafr‘u
angular dev.= 14.0 degreee
S
N
Gulf Coastal Plain (number):
AR 17° °
v E :- 8.0
mean= 179.0 degrees
angular dev.= 18.0 degrees
S
N

Gulf Coastal Plain (feet):
oK 23
v ) EICieas
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mean= 3.9 dag:-u
angular dev.= .0 degreea
<
N .
Gulf Coastal Plain (number):
0K
n= 4.0
v E = 10
mean= 152.9 do;reu
angular dev.= 354.3 degrees

FIQURE 16.--Rose diagrams of Gulf Coastal Plain breakout orientations. The
rose diagram for total feet of breakout is positioned above the diagram
for total number of breakouts. Diagrams are scaled in 10° intervals.
Listed are (1) the area in which the well is located, (2) the individual
well identification, (3) totals of feet (n) and number (n), (4) the

radius or maximum frequency (r), (5) circular mean of the data, and (6)
angular deviation of the data.
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FIGRE 17.--Marietta-Ardmore Basins well-location maps A and B. Well

locations with inferred orientations of S are solid dots with bars,
and open circles with bars are well locations with data sets that were
"no good." Only wells having statistiacl data qualities of "A"™ thru "C"
are plotted with stress orientations. Wells having "D" quality data are
solid dots. SHmax orientations are weighted by length, "A" qualities
are the longest and "C" qualities the shortest. Structural and
physiographic provinces are heavy solid lines or dashed lines. State
boundaries are dashed-dot lines and county boundaries are thin solid-
dashed lines. Map B is an enlargement of the area southwest of Ardmore,
Oklahoma. Well locations with two orientations of sHmax indicate two or
more wells in close proximity.
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Marietta—Ardmore Basins (feet):
Composite

n= 5827.0

r= 873.0

mean= 143.6 degrees

angular dev.== 36.7 degrees

Marietta—Ardmore Basins (number):

Composites
n= 126.0
r= 12.0

mean= 138.0 degrees
angular dev.= 37.7 degrees

FIGURE 18.--Composite rose diagrams of Marietta-Ardmore Basins breakout
orientations. The rose diagram for total feet of breakout is positioned
above the diagram for total number of breakouts. Diagrams are scaled in
10° intervals. Listed are (1) the basins in which the wells are
located, (2) the composite identification, (3) totals of feet (n) and
number (n), .(4) the radius or maximum frequency (r), (5) circular mean
of the data, and (6) angular deviation of the data.
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OK 30

n= 2.0
T= 1.0
mean= £5.6 degrees
anguler dev.= .7 degrees

lé;rloth—hrdmm Basins (feet):

moan= 21.4 degrees
angular dev.= 1 degrees

Marietta—Ardmore Basins (number):
OK 10

n= 3.0

r= 1.0

= 179.5 de,
angul angular dev.= £ 8 degrees

Marietta—Ardmore Basins (feet):
OK 20

mean= 38.8 dag?
angular dev.= 9 degroes

Mariotta—Ardmore Basins (number):
OK 20

n= 3.0
r- 80

uunhr dav -dog-' degrees

FIGURE 19.--Rose diagrams of Marietta-Ardmore Basins breakout orientations.
For each well, the rose diagram for total feet of breakout is positioned

above the diagram for total number of breakouts.
Listed are (1) the basins in which the well is located,

10° intervals.

Diagrams are scaled in

(2) the individual well identification, (3) totals of feet (n) and
number (n), (4) the radius or maximum frequency (r.), (5) circular mean
of the data, and (6) angular deviation of the data.
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FIGQURE 19.--Continued.
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FIGURE 19.--Continued.
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FIGURE 19.--Continued.
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Marietta—Ardmore Basins (feet):
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r= 22.0

mean= 13.0 degrees
angular dev.= 1.4 degrees

Marietta—Ardmore Basins (number):
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n= 1.0
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FIGURE 19.--Continued.
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FIGURE 19.--Continued.
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FIGIRE 19.--Continued.
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FIGURE 19.--Continued.
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FIGQURE 19.--Continued.
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FIGURE 19.--Continued.
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FIGURE 19.--Continued.
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FIGURE 19.--Conti nued.
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Arkoma Basin (feet):
Composite

n= 1710.0
W E r= 438.0
mean= 172.0 degrees
angular dev.= 28.7 degrees

Arkoma Basin (number):

. Composite
E n= 30.0
r= 8.0

mean= 160.0 degrees
angular dev.= 36.2 degrees

FIGURE 21.--Composite rose diagrams of Arkoma Basin breakout orientations.
The rose diagram for total feet of breakout is positioned above the
diagram for total number of breakouts. Diagrams are scaled in 10°
intervals. Listed are (1) the basin in which the wells are located, (2)
the composite identification, (3) totals of feet (n) and number (n), (4)
the radius or maximum frequency (r), (5) circular mean of the data, and
(6) angular deviation of the data.
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Arkoma Basin (fest):
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ne 148.0

r=  60.0

mean= 158.8 d e
angular dev.= R.a degrees

Arkoma Basin (number):
AR 3
n- 0 o

mon- 1602 dag.
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Arkoma Basin (feet):
AR &
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r= 84.0

mean= 120.4 degrees
angular dev.= 24.8 degrees

mm Basin (number):

a= 20
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mean= 120.0 de, 1]
angular dev,= .3 degrees .

FIGURE 22.--Rose diagrams of Arkoma Basin breakout orientations.
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For each

Arkoma Basin (foet):
AR 3

n= 180
re 180
mean=
dev.= 0.0 degrees

b= 1.0
r= 1.0
mean= 1.0
dov.s 0.0 degrees

Ark:un Basin (feet):

means= x're 1 dnfou

Arkoma Basin (number):
AR ¢

n=  10.0
T- 6.0
mean= 4.6

angular dev.= (1.8 degrees

well, the rose diagram for total feet of breakout is positioned above
Diagrams are scaled in 10°

the diagram for total number of breakouts.
Listed are (1) the basin in which the well is located, (2)

intervals.

the individual well identification, (3) totals of feet (n) and number
(n), (4) the radius or maximum frequency (r), (5) circular mean of the
data, and (6) angular deviation of the data.
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FIGURE 10.~--Continued.
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Arkoma Basin (feet):
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FIGURE 22.--Continued.
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angular dev.= 8.1 degrees
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FIGURE 22.--Continued.
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FIGURE 23.--Ouachita fold belt well-location map. Well locations with

inferred orientations of SHmax are solid dots with bars and open circles
with bars are well locations with data sets that were "no good." Only
wells having statistiacl data qualities of "A" thru "C" are plotted with
stress orientations. Wells having "D" quality data are solid dots.
SHmag orientations are weighted by length, "A" qualities are the longest
and "C" qualities the shortest. Structural and physiographic provinces
are heavy solid lines. State boundaries are dashed-dot lines and county
boundaries are thin solid-dashed lines.
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Ouachita Fold Belt (feet):

Compogg:%
n= .
W E r= 310

mean= 65.7 degrees
angular dev.= 14.9 degrees

S

N
Ouachita Fold Belt (number):
Composite
n= .0

w E = 10

mean= 65.9 degrees
angular dev.= 17.8 degrees

S

FIGURE 24.--Composite rose diagrams of Quachita fold belt breakout
orientations. The rose diagram for total feet of breakout is positioned
above the diagram for total number of breakouts. Diagrams are scaled in
10° intervals. Listed are (1) .the area in which the wells are located,
(2) the composite identification, (3) totals of feet (n) and number (n),

(4) the radius or maximum frequency (r), (5) circular mean of the data,
and (6) angular deviation of the data.



FIGURE 25.--Rose diagrams of Quachita fold belt breakout orientations.

-
] u%z m@z

Ouachita Fold Belt (feet):
0K 68

angular doev.= 20.6 degrees

Ouachita Fold Belt (number):
OK 66

n= 7.0

mean= 190.8 4

mean= X

e SR e

Ouaohita Fold Belt {fest):
OK 05

n= 840
r= 310

= 056 &
:u“\ﬂlr dov.= .g.lu degraes

Ouaochita Fold Belt (number):
oK 88

o= 4.0

= 1.0

mean= 64.6 dsgrees
angular dev.= 18.1 degrees

For

each well, the rose diagram for total feet of breakout is positioned

above the diagram for total number of breakouts.

Diagrams are scaled in

10° intervals. Listed are (1) the area in which the well is located,

(2) the individual well identification, (3) totals of feet (n) and

number (n), (4) the radius or maximum frequency (r), (5) circular mean
of the data, and (6) angular deviation of the data.
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FIGURE 26.--Mississippi embayment well-location map. Well locations with

inferred orientations of SHm are solid dots with bars. Only wells
having statistical data qualities of "A" and "C" are plotted with stress
orientations. SHmaxorientations are weighted by length, "A" qualities
are the longest and "C" qualities the shortest. Structural and
physiographic provinces are heavy solid lines. State boundaries are
dashed-dot lines and county boundaries are thin solid dashed-lines.
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Mississippi Embayment (teet):

Composite
n= 19857.0
L E  r= 10370

mean= 167.1 degrees
angular dev.= 7.9 degrees

S

N
Mississippi Embayment (number):
Composite
n= 19.0

w E = 80

mean= 163.1 degrees
angular dev.= 8.8 degrees

S

FIGURE 27.--Composite rose diagrams of Mississippi embayment breakout
orientations. The rose diagram for total feet of breakout is positioned
above the diagram for total number of breakouts. Diagrams are scaled in
10° intervals. Listed are (1) the area in which the wells are located,
(2) the composite identification, (3) totals of feet (n) and number (n),

(4) the radius or maximum frequency (r), (5) circular mean of the data,
and (6) angular deviation of the data.
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FIGURE 28.--Rose diagrams of Mississippi embayment breakout orientations.
each well, the rose diagram for total feet of breakout is positioned
above the diagram for total number of breakouts.
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AR 14
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For

Diagrams are scaled in

10° intervals. Listed are (1) the area in which the well is located,
(2) the individual well identification, (3) totals of feet (n) and

number (n), (4) the radius or maximum frequency (r),

of the data, and (6) angular deviation of the data.
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STATISTICAL CALCULATIONS OF BREAKOUT DATA

Statistical values (mean direction, standard error of the mean, and
angular deviation of a data distribution) can be calculated for each well and
subarea data set by either using (1) the total number of individual breakouts
as the population size, each breakout being a discrete observation; (2) the
total of feet of breakout as the population size, each vertical foot of
breakout within the well bore being a discrete observation; or (3) both number
and feet of breakout, each breakout being a discrete observation that is
weighted according to its length (feet). The frequency or number of
observations at a given orientation (1°-180°) or within a degree interval (1°-
10°, 11°-20°, etec.) is the number of breakouts, feet of breakout, or weighted
number of breakouts at that orientation. The results presented in this report
are based on statistical calculations using number of breakouts (tables and
rose diagrams) and feet of breakout (rose diagrams). Conclusions about
inferred stress orientations are based on number of breakouts. For the
following reasons, statistics using number of breakouts seem to be most
accurate for calculating true mean, standard error, and angular deviation of
this type of data.

The observed overall length or extent of vertical elongation of an
individual breakout within the well bore may be influenced by a number of
arbitrary variables that ineclude lithology, fracture history, rock fabric,
horizontal stress difference about the well bore, and the elapse time between
drilling completion and logging. The extent to which each of these variables
affects breakout length has not been fully documented; however, a number of
studies have included references £o the general influence of one or more of
these factors: Bancock, 1978; Bell and Gough, 1982; Hickman and others, 1985;
Haimson and Herrick, 1985; Kaiser and others, 1985; Zoback and others, 1985;
Plumb and Hickman, 1985; Dart and Zoback, 1987; and Paillet and Kim, 1987. It
may be correct to assume that all or several of these variables may function
together to promote or limit breakout lengthening.

Whereas breakout length (feet of breakout) appears to be subject to the
influences of a number of variables, breakout occurrence (number of breakouts)
is closely related to rock strength and the in situ stress annulas about the
borehole (Haimson and Herrick, 1985; Zoback and others, 1985). Statistical
calculations based on feet of breakout could bias the results favoring longer
breakouts., These results may or may not be an accurate reflection of the true
state of stress; however, statistics resulting from calculations based on
number of breakouts may also have certain limitations. Paillet and Kim (1987)
observed that breakout formation is "discontinuous" in intervals within
boreholes where fractures, cooling joints, or vesicles were present and that
"econtinuous"™ breakouts appeared to be associated with intervals with few
fractures. Thus, fractures within the well bore may promote the formation of
more individual breakouts, increasing breakout number.

The preferred orientation of a set of discrete breakouts, regardless of
length, generally appears f£o be most reliable in calculating breakout
statistics. However, the apparent consistency between mean breakout
directions based on number of breakouts and on feet of breakout for most data
sets in this report (see rose diagrams) supports the idea that among the wells
sampled, breakout length is arbitrary. Statistics based on breakout length do
not necessarily present a distorted evaluation of stress orientations.
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Calculation of Mean Direction

The north-south and east-west trigonometric components of the mean vector
are:

N-S component = L(fj- cos28;)

E-W component

L(fj; - sin2e;)

Where f; is the frequency (number of breakouts or feet of breakout) for a
given 1° or 10° interval, 6; is the midpoint of the degree interval (vector
angle). Breakout data, whether feet or number, are considered as a circular
distribution of two-dimensional vectors that are axially symmetric. 1In order
to avoid the two symmetrical halves of the distribution canceling one another
and thereby producing a nonsymmetric periodic distribution, only half the
circular distribution (1°-180°) is considered (Curray, 1956). By doubling the
vector angles (6;), as shown above, the data is thus distributed over the full
360° period of the unit circle. The angle 26i is converted Lo radians.

Subsequently, Cartesian or rectangular coordinates (C and §) of the mean
vector can be determined:

Ql

= L(f;-cos29;)/Lf;

!
[}

Z(fi-sin261)/2fi

The length (R) of the mean vector is then calculated as:

R =gz + &2

R is a measure of the concentration or dispersion of the data about the mean
vector (Batschelet, 1965). If the value of R is close to 1.0, then the amount
of dispersion is small. It is necessary to correct the value of R if the data
are divided into degree intervals greater than 1°, otherwise the value of the
angular deviation will be inaccurate. The corrected value (R;) can be found
by:

= _n.8
Rc = R sing

where B is half the arc of the degree interval in radians (Bétschelet,
1965). If the degree interval is 20°, then B = 10° 0.1745 radians.

Finally, the angle of the mean vector (8) or the mean direction can be
calculated:

<!
1]
Wi
N
el

1in2

0
=
3
n
<D
]
wi
~N
j=oi
(@)
3
m

c
cos2p = C/R or cos2s = S/R, ,
and
9 = A (arcsin(sin2g)) ,
8 = % (arccos(cos28)) .

94



Convert ® to degrees. If sin2p is a negative value, then

8 = 180° - B

Calculation of Angular Deviation

The angular deviation (g) is the dispersion of the data about the mean
direction. When the amount of angular deviation is <50°, 67 percent of the
data will lie within +¢° of the mean direction (Batschelet, 1965):

o =% 2 (1-R) or o5 = % /2 (1-R,) .
Convert the value (g¢g) from radians to degrees.

Calculation of the Standard Error of the Mean

The standard error of the mean for distributions with large (>30) or
small populations is given by Spiegel (1961) as follows:

g

SE=W~ ’

where SE is the standard error and N is the population size (number of
breakouts or total feet of breakout in the data set).
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