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[57] ABSTRACT

A method for determining the distance between a
cased well and an open well using resistivity measure-
ments made in the open well using long electrode spac-
ings and a resistivity is calculated from data that is not
influenced by the casing in the cased well. A calcula-

*- tion is made of the anticipated reduction in the resistiv-

ity measurements caused by the presence of the casing
using the calculated resistivity and assuming varying
distances between the cased well and the point at which
the resistivity is measured. A nomograph is prepared by
plotting the calculated reduction versus the assumed
distances for each calculated formation resistivity. The
measured resistivity is used to determine the actual re-
duction in the resistivity caused by the casing and the
distance between the two wells is then obtained from
the nomograph.

8 Claims, 8 Drawing Figures

(r.e.z)




PATENTED JuL 241873 3,748,574
SHEET 1 OF §

FIG. 1 o

FIG. 2 VERTICAL

17—

10—

_ b7 _AXIS OF CASING
_——7 | L4 OF RADIUS *a”

\




PATENTEDJUL 241873 : 3.748,574

10

Q
[«

S
[e))

FRACT/gN OF NORMAL RESISTIVITY —
: o)
o S

SHEET 2 OF &

i FI1G.3

75/350 NORMAL

1507350 NORMAL

BAS/IS
1) FORMATION RESIST. 2.5 Am(HORIZ)
2) RESISTIVITY VERT.JHORIZ = 1.5
3) VERTICAL ANGLE 4°
4)CASING 938", 47 LB/FT.
LEGEND
— ABOVE NEAR POINT
-—— BELOW NEAR POINT
(1) INTERSECTING CASE

(2) 10 FT NEAR POINT CASE

0 0 20 30 40 50 6 7w 8 90 w0

DISTANCE "A” ELECTRODE TO AXIS OF CASING (FEET)——
10
FIG. 4
0.8
20’ NORMAL
06} 150/ 600 NORMAL

04

0.2

FRACTION OF NORMAL RESISTIVITY

BASIS
1) RESISTIVITY VERT./HORIZ = 1.5
2) VERTICAL ANGLE 4°
o 3) CASING 9°s", 47 LB/FT
LEGEND
— 2.50m FORMATION RESIST(HORIZ )

--= 6.250m FORMATION RESIST (HORIZ.)

I PR— '

{ 1 t . 1 ] 1

0 5 10 5 20 25 30 35 40 45 50

DISTANCE "A” ELECTRODE TO AXIS OF CASING (FEET) —



FRACTION OF NORMAL RESISTIVITY

FRACTION OF NORMAL RESISTIVITY —=

PATENTE[ JUL 241873 | | 3,748,574

SHEET 3 OF 5

FIG. 5

08 20° NORMAL-

1507600 NORMAL

e e
o
e
i
g
Pu—

I

06

04rt

1) FORMATION RESIST 2.5 am (HORIZ)
2)RESIST. VERT. /HORIZ. =1.5
3)CASING 77 26 LB/FOOT

LEGEND
— VERTICAL ANGLE = 15°
=~ VERTICAL ANGLE = 5°

02r

0 1 1 1 1 1 L I i’
0 5 10 15 20 25 30 35 40 45 50
DISTANCE “A” ELECTRODE TO AXIS OF CASING (FEET) —
10} 16 NORMAL
0.8F
06 |
BASIS _
1) FORMATION RESIST 2.5 am (HORIZ )
2) RESIST VERT/HORIZ =15
041 3) VERTICAL ANGLE = 4°
4) CASING 93", 47 LB/FT.
LEGEND
—— ABOVE NEAR POINT
02+ -—— BELOW NEAR POINT
(D INTERSECTING CASE
1.3-FT. NEAR POINT CASE
0 (3 2-FI. NEAR POINT CASE

0 2 4 6 8 10 12 4 16 18 20
DISTANCE A" ELECTRODE TO AXIS OF CASING (FEET) —~




10100

10200

10300

10400

10500

10600

10700

10800
0

FIG.7

75/350 NORMAL

1507350 NORMAL

20771 NORMAL

i

T

T

MEASURED
VALUES

EXPECTED
VALUES

e

— MEASURED
VALUES

EXPECTED
VALUES

N e e

—

-’

—_—

MEASURED
VALUES

T e———

. e o e et

e e
-~

e

10 20 3.0
RESISTIVITY, (am) —

40

10 20 30 40
RESISTIVITY, (am )—=

o

10 2.0 30 4.0
RESISTIVITY, (am)—

S 10 h [3MS

ﬁLS‘BVL‘E

ee6iv2 e G3INILYd



Fi1G.8

DEPTH (FEET)

10200

10300

10400

10500

10600

10700

75/350 NORMAL . 150/350 NORMAL 20771 NORMAL
i T
Lo
. \ | i
\
- NEAR POINT %5 T NEAR POINT . NEAR POINT
ABOUT 7 ¢ ABOUT 7° & ABOUT 7’
// : / ! I/ Pl '/ 1 /1
10 05 0 10 05 0 10 05 0
OBS./EXP 40 20 0 OBS/EXP 40 20 0 OBS/EXP 40 20
RESIST. DISTANCE RESIST. DISTANCE ~ RESIST. DISTANCE
(FEET) (FEET) (FEET)

INTERPRETED FROM RESISTIVITY MEASUREMENTS
secccco [INFERRED FROM DIRECTIONAL CONTROL

———~ ESTIMATED BASE ON CONTROL SUBSEQUENTLY OBTAINED

S 40 S 1338

ersiv2 T 03INILYd

pLS'8PLE



3,748,574

1

METHOD FOR DETERMINING THE DISTANCE
BETWEEN A CASED AND AN OPEN WELL

BACKGROUND OF THE INVENTION

The present invention relates to the drilling of wells
and particularly wells that are drilled in the search for
hydrocarbon deposits. During the drilling of wells in
search of hydrocarbon deposits, it is at times desirable
to know the distance between an open well being
drilled and a previously drilled cased well. The problem
arises in the case of offshore platforms where numerous
directional wells are drilled from a single platform. A
well being drilled must obviously miss the previously
drilled wells. In the past it has been the practice to run
directional surveys in each well as it is drilled and de-
pend upon the directional surveys to insure that the
wells did not intercept. This procedure has not always
been successful since there have been numerous in-
stances where wells being drilled have intersected pre-
viously drilled wells on offshore platforms.

The problem also arises when it is desired to drill a
directional well to intercept a previously drilled well
which has blow out. In this case it is desirable that the
directional well intercept the previously drilled well ad-
jacent the bottom so that the formation which is feed-
ing the blowout may be effectively killed.

Further, the problem arises where it is desired to drill
a directional relief well to intercept a previously drilled
well at a position above its total depth. This occurs
when the blowout well is an extremely deep well, for
example, in the neighborhood of 20,000 ft., and a relief
well would require substantial time and expense.

In this case, if the blowout well can be intercepted at
a shallow depth by a directional relief well, a consider-
able saving in time and expense in killing the blowout
can be realized.

SUMMARY OF THE INVENTION

The present invention solves the above problems by
providing a method for determining the distance be-
tween an open well and a cased well. More particularly,
the method utilizes electrical logging information to
predict the distance between the two wells. The
method consists of first determining the expected or

normal resistivity of the formations surrounding the

open well. The expected resistivity can be calculated
from the resistivity data obtained in the cased well prior
to casing or may be calculated from measurements
made in the open well using induction type logging de-
vices and short electrode spacings. Also, one can utilize
resistivity data obtained from other adjacent wells since
the various strata present in the adjacent wells can be
identified in the open well. The resistivity of a strata
does not change generally to any great extent over the
distance between wells. After the expected resistivity is
obtained, the actual resistivity is measured using resis-
tivity logging devices having various clectrode spac-
ings. Relativiely long electrode spacings are required
where the distance between the two wells is large, for
example, on the order of 20 feet or more. As the two
wells approach each other, resistivity tools having
shorter electrode spacings may be used to obtain a
more accurate measurement of the distance between
the two wells. After the expected or normal and actual
resistivities have been obtained, the fraction of normal
resistivity (i.e. the reduction in normal resistivity due to
the presence of a cased borehole) is deduced and then
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2

related to the distance between the wells using calcu-
lated data. The reduction in measured resistivity as a
result of the presence of the case borehole is calculated
using known relationships and plotted in relation to the
distance between the cased and the open wells. The
calculation takes into account the formation resistivity,
the anisotropy of the formation, the angle between the
cased and the open well the size, resistivity and weight
of the casing and the geometry of the logging tool. One
then prepares a series of nomographs for the various
combination of conditions that will be encountered in
the two wells. The measured reduction in resistivity and
nomographs are used to determine the distance be-
tween the wells at various depths. The distance is plot-
ted with respect to the depth of the open well to obtain
a clear and consistent picture of the path of the open
well with respect to the cased well.

BRIEF DESCRIPTION OF THE DRAWINGS

The method of the present invention will be more
easily understood from the following detailed descrip-
tion when taken in conjunction with the attached draw-
ings in which:

FIG. 1 is a schematic view showing the notation used
in calcuating the reduction in resistivity due to the pres-
ence of the cased well,

FIG. 2 is.a schematic diagram of the logging tool in
the open well as related to the cased well;

FIGS. 3-6 are a series of nomographs showing the
general variation in the reduction in resistivity due to
the presence of various size casing in adjacent wells;

FIG. 7 is a plot of the expected and measured resistiv-
ity in an actual well; and

FIG. 8 is a plot of the reduction in the resistivity and
the corresponding distance between the two wells for
the data shown in FIG. 7 using the nomogrphas shown
in FIGS. 3 and 6.

PREFERRED EMBODIMENT

Referring now to FIGS. 1 and 2, there is shown a no-
menclature that is used in the following discussion:

In FIG. 1 there is shown the axis P, of the casing hav-
ing a radius “a” and assumed to lie along the vertical
axis “Z.” A reference point is assumed to lie in the
lower plane 10 and having coordinates r,, 8 =0, Z =0
while a point of interest is assumed to lie in a vertical
plane 11 at height Z above the reference point 10. The
point of interest has coordinates r, 8 and z. The resistiv-
ity is assumed constant in the horizontal plane and ver-
tical direction with their respective values not being the
same. '

In FIG. 2 there is shown the axis of the casing in rela-
tion to the axis 12 of an open well. It is assumed that
a resistivity logging tool is disposed in the open well
having a common electrode “A”’ disposed in the plane
10 and two additional electrodes “M™ and “N” dis-
posed above the common electrode. Also it is possible
that the source electrode “B’ may be disposed down-
hole. If the source electrode “B” is disposed at the sur-
face, the distance between the electrodes “A,” “M”
and “N” and the source electrode is assumed to be infi-
nite. Also shown in FIG. 2 are the vertical angle as well
as the distance ““d”’ and the definition of the near point
between the open well and the cased well when the
open well is extended to pass the cased well.

Using the above nomenclature, it can be shown that
the general solution for the potential distribution
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around an infintely long conducting cylinder from a
point current source can be expressed as follows:

_cepl 2 = Kn(€ro)Kn(r), (£a)
D = b ,,Ezo €n COS nﬂfo 'Kn‘(fﬂ)j
_p I (Ea)  Li(few)
apn I(éa) L) (fac) o
"~ pz Ku'(6a) Infam) 0 £0%%
. apn Ka(£a) L)' (faa)
apil

b

47 V2 + ro? — 2rrg cos 0 — a?z?

In the above equation, the terms have the following

meaning:
e,=lande,=2forn =1
a = (pv/ph)

pv = vertical resistivity of formation

ph = horizontal resistivity of formation

p2 = effective resistivity of casing assuming it to be

a solid cylinder of radius a

K, and I, are modified Bessel formation of n order

¢ is the variable of integration

The formation resistivity measured at point “A” can
be calculated from the following relationship:

Ps= (Pn— D,) 4 w/I(1/Rym — 1/R,,)

where

I = current flow

R, = distance AM

R,y = distance AN

The formation resistivity measured at point “A” in
the absence of the cased well is:

Pa= V phpv

The above equations can be programed by one
skilled in the art and evaluated for a number of points.
The following is the result of an evaluation for one as-
sumed set of conditions:

FRACTIONAL REDUCTION OF RESISTIVITY
MEASURED WITH 16-INCH, 64-INCH, AND ‘
. 20-FOOT NORMAL LOGGING TOOLS IN

PROXIMITY TO 9 %-INCH CASING )

Conditions:
Formation resistivity:— pa = 2.5 ohm-meters, p,/py = 1.5
Ratio of effective casing resistivity to p,: pP2/p, = 0.196 =10

Near point: 2 feet

Distance
axis of casing
10 A electrode

© Fractional reduction of
resistivity calculated for

Distunce
from near point
1o A electrode

20-foot

m(fY) dan - T6-inch-  64-inch

, Tool - Tyl ool
10.198 10 0.851 0.629
8.246 8 0.806
7.280 7 0.514
6.325 6 0.738
5.385 5 0.939 0417
4.472 4 0915 0.632
3.605 3 0.879 ' . 0.304
2.828 "2 0.823 (1468
2,236 | 0.748 {1L.380 0191
2.062 0.5 0.716 _ '
2.000 0 0.702 0.324 0155
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2.062 —0.5 0.712

2.236 -1 0.743 0.334 0.148
2.828 -2 0.820 0.393

3.605 -3 0.878 0.228
4.472 -2 0.526

5.385 -5 0.361
6.325 —6 0.624

7.280 -7 0473
8.246 -—8 0.702

10.198 —10 0.765

With the above data one can plot a series of nomo-
graphs as shown in FIG. 6. Additional nomographs are
shown in FIGS. 3-5 for different assumed conditions.
The notation 16 inches, 64 inches and 20 ft. normal
shown on some of the nomographs refers to a logging
tool where the distance between the common electrode
A and the closest electrode M is 16 inches, 64 inches
and 20 ft., respectively. The nomenclature 75/350 re-
fers to an ultralong spaced resistivity tool where the dis-

‘tance between the common electrode and the near

electrode is 75 ft: between the common and the far
electrode is 350 ft. While only a few representative no-
mographs were shown, ovbiously additional nomo-
graphs can be prepared for the specific data that ap-
plies to a particular set of wells. .

FIGS. 3 and 6 also illustrate the effect of the open
well approaching the cased well to various near points
and then deviating. As shown, once the near point is
passed, the curve does not retrace the shape of the orig-
inal curve but rather has a lower value.

FIGS. 4 and 5 illustrate the effect of a change in the
formation resistivity and a change in the vertical angle
respectively.

Referring to FIGS. 7 and 8 there is shown the actual
results obtained using the method of the present inven-
tion to locate a cased well from an open well. More par-
ticularly, FIG. 7 are the resistivity logs obtained using
various logging configurations for the depth interval
10100 to 10800. Also plotted are the expected resistiv-
ity values. In FIG. 8 there is shown a plot of the ratio
of the observed resistivity to the estimated resistivity
for the three logging devices shown in FIG. 7. Various
procedures are available for calculating the expected
response of various configurations of resistivity tools in
formtions having various resistivities. These procedures
are used to calculate the expected resistivity values
shown in' FIGS. 7 and 8. Also shown is a plot of the dis-

- tance between the open and the cased wells utilizing
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the nomographs shown in FIGS. 3-6. As can be seen
from FIG. 8, the 20-foot normal resistivity tool pro-
vides a much sharper indication of the near point of the
two wells than either the 75-ft. or the 150-ft. resistivity
logging tools. This results from the fact that the depth
of investigation of the long interval tools is much
greater than the short interval tool. Thus the long inter-
val tool responds to the presence of the casing at a .
greater range -but the response is more gradual than the

" short interval tool. This is illustrated in FIGS. 4 and. 5

60

65

where the 20-ft. normal log is affected very little by
changes in the vertical angle and formation resistivity
while the 150/600 is affected to a considerable extent.

While a number of nomographs are required if wells
are drilled in a large number of areas, only a few are re-
quired for a particular'set of wells. For a particular pair
of wells the casing size, vertical angle and formation re-
sistivity will remain relative constant and only a few no-

mographs will be required.
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We claim:
i. A method for determining the distance between a
cased well and an open well comprising:

determing from prior measurements the normal for-
mation resistivity that would be measured in the
open well at various depth points in the absence of
the cased well;

calculating by a machine process, using the resistivity
of the casing, the determined normal formation re-
sistivity and assumed distances between the two
wells, the reduction in the normal resistivity result-
ing from the presence of the casing for each of the
assumed distances; '

producing a nomograph by plotting the calcuiated
reduction in the normal resistivity with respect to
the assumed distances between the two wells;

measuring the resistivity in the open well at various
depth points;

determining the difference between the previously
determined normal resistivity and the measured re-
sistivity at said various depth points to obtain the
actual reduction in normal resistivity; and

using the actual reduction in the normal resistivity
and nomogram to obtain the distance between the
open and cased wells.

2. The method of claim 1 wherein the normal resistiv-
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ity and reduction in resistivity are made using resistivity
measurements made in the cased well prior to installa-
tion of casing therein.

3. The method of claim 1 wherein a series of nomo-
graphs are prepared using various inclinations of the
open well with respect to the cased well.

4. The method of claim 1 wherein a series of nomo-
graphs are prepared with the inclination between the
cased and open wells varying between 0° and 15° and
the resistivity varying between 1 and 5 ohm meters.

5. The method of claim 1 wherein the resitivity mea-
surements are made using relatively long electrode
spacings when the wells are more than 20 feet apart
and the resistivity measurements are made using
shorter electrode spacings when the wells are less than
20 feet apart.

6. The method of claim 1 wherein the nomographs
are prepared using various assumed casing sizes.

7. The method of claim 1 wherein the nomographs
are prepared using various assumed closest points be-
tween the cased and open wells.

8. The method of claim 1 wherein the nomographs
are prepared using a combination of assumed casing
size, near point, formation resistivity and inclination

between the cased and open wells.
* * * * *
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