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CHAPTER 2

THE WELL

An oil well may best be described as a pipe
line reaching from the top of the ground to the
oil-producing formation. It is through this pipe
line that oil is brought to the surface. This
pipe line is a series of joints of a special kind
of pipe (casing) screwed together to form a con-
tinuous tube or string for the oil and gas to
flow through. A sketch of a well is shown
in Fig. 1.

It is necessary to protect the hole from under-
ground water and from loose earth falling from
the surface. Also, the fresh water zones must be
protected from the drilling and produced fluids.
To provide this protection, usually two or more
strings  of casing are cemented in the hole.
The first and larger of the casings is called
‘he surface string. This casing will extend from
‘he surface to a depth great enough to
<eep surface waters and loose earth from entering
he well. The length of the surface string will
rary from 200 ft. to 1,500 ft. depending upon
he local conditions encountered.

A second protective string may be used. This
:asing is called the intermediate string or “salt
tring” because it generally is run to a depth
ufficient to case off salt and anhydrite for-
nations. Such a string may be set at a depth of
1,000 ft. or more. i

The final string of casing, called the oil string,
vill usually extend from the surface through the
urface and intermediate pipe, to the top of and
ometimes through the producing zone at total
lepths of 20,000 ft. or more. Because both strings
f casing are subjected to large pressures and
orces, it is necessary that the casing string be
arefully designed and properly run into the well.

ig. 1 — (upper right) The oil well is a vertical pipe
ne reaching from the surface of the ground to the oil
ay, shown here by sketch.

ig. 2 — (lower right) Casing is made in several sizes
0 that one string will fit inside the other and give a
learance of one-half inch or more. Individual joints of
asing range in lengths of about 20, 30, and 40 ft.

«—WELL HEAD CONNECTIONS
/GROUND LEVEL
BOTTOM CELLAR

SURFACE PIPE
CEMENTED
r

TUBING

-

. INTERMEDIATE STRING
CEMENTED

== PACKER
== i,%o IL STRING CEMENTED

" CASING

|

T




14 Primer of Oil and Gas Production

Casing Strings Completion Methods

The American Petroleum Institute has very care- The methods of preparing an oil well to produce
fully set up specifications as to size, grade, weight  are many and are governed by the kind of oil
per foot, type of screwed connection, and length  reservoir. If the well is bottomed in hard forma-
of each section or joint of casing. Fig. 2 shows tions, the oil-producing zone may be left entirely
some of the various sizes of casing. open, with no perforated casing or liner used to

(A) | (8)

<— CASING

e CASING _— HANGER

CASING SHOE
S GEMENTED

CASING SHOE

© —~~L SCREEN (D)
GRAVEL
LINER
~CASING
~—CASING |_HANGER
HANGER K@
CASING SHOE / Cé‘%,?‘EGN?ESE
CEMENTED ]
Y " GRAVEL PAGKED i
GRAVEL —~ LINER 5] 1) e Liner
SCREEN- _ Sl THI s
P _.:‘.'. -.._:..._‘_:. i -.'”l”i.lill...'.'.‘.
e == ==

—

—

Fig. 3a — When the oil-producing zone is not loose, casing through the oil zone is sometimes not necessary. In this
case the hole is left open, sometimes called “bare-foot.”

Fig. 3b — A gun-perforated liner is made b y actually shooting bullets or shaped charges (jets) through a section of
cemented casing at the level of the oil zone that is to be produced. A similar and very common type of completion
consists of setting the oil string through the oil sand, cementing it in place, and perforating it. :
Fig. 3c — A gravel-packed liner is used in a well in which the producing sands are fine-grained and loose. The
gravel in the space around the liner acts as a filter and keeps the sand out of the well.

Fig. 3d — When the producing sand is loose, but is made up of fine to coarse sand grains, a section of casing in

which narrow vertical slots have been cut can be used as a liner. The grains of sand form a bridge across the slot,
through which the oil can enter the well.
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OIL STRING
SURFACE
CASING
CONDUCTOR \L__
VR PIPE_

‘FORMATIONS

1

0 N

".U_Q_Q:
.

()]
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/)0

NN
CEME'\:\T\\\_. 0

CASING
SHOE

joints are put together, not cross-threaded
(misaligned), and completely tightened to the
manufacturer’s Specifications to insure that the
joints will hold rated pressures. When the pipe is
pulled out of the hole, the connecting joints must

be carefully broken out so that the threads are not
damaged. Tubing or ca
should be fitted with
damage.

sing that is laid down
protectors to prevent thread

WELLHEAD
/

CONDUCTOR
PIPE

TUBING
olL

PACKER

PERFORATIONS

CASING
SHOE

Figure 1.12. Casing, tubing,

and packer arrangement in a
flowing well

Figure 1.11. Oil-string casing




14 m WELL COMPLETION

charges into the hole on a wireline. Sometimes a
mechanical collar locator, which has been in-
stalled at the top of the gun, is used by the per-
forating crew to help determine the exact position
of the gun in relation to the formation outside the
casing. Knowing the location of the collars makes
it possible for the gun to be placed in the well at
the desired point. A sonic device and a magnetic
locator, which is activated by the extra thickness
of metal at each casing coupling, are also used to

 ELECTRIC LINE FORMATION
Wi,
A {Port et
e
SOHNY \

BULLET PERFORATES
FIRST CASING

BREAKING THROUGH CEMENT
INTO SECOND CASING

%

BULLET LODGES IN
FORMATION

| PORT
COVER

i

— JET
/

72

Figure 2.5. Bullet perforating

Figure 2.6. Jet perforating

\

determine the location of the gun, as is the
odometer that measures the amount of line fed in-
to the hole to lower the equipment.

Bullet Perforators. Bullet perforating (fig. 2.5)
was developed in 1932 and has been widely
used since then. The bullet perforator is a multi-
barrel gun that is lowered into the hole on a
wireline, and it is fired electrically from surface
controls. Bullet guns leave no debris in the well to
plug chokes and cause other production prob-
lems. Bullets cause little casing damage and less
damage to the cement sheath between the pipe
and the wall of the hole than jet charges.

Jet Perforators. Jet perforating, which was
developed in 1946, is similar to bullet perforating
except that shaped-charge explosives are em-
ployed instead of bullets (fig. 2.6). Hollow carrier
guns can be used in small pipes, and capsule
charges can be used for 1.9-inch pipe. Shaped
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( O — OlL AND OlIL AND
( GAS » cas
SURFACE [ = niL %— GAS o €— GAS
R T, AN TR N/
7. / i N ] ;
olL < 1
: LEVEL & FIRST VALVE ; OIL LEVEL HAS MOVED
I OPEN, GAS DOWNWARDS, EACH ]
ENTERING TUBING VALVE HAS CLOSED AS
OIL LEVEL IN ’ GAS ENTERED NEXT ;
|
CASING / TUBING LOWEST VALVE. ]
GAS-LIFT ANNULUS MOVING ,
e VALVE DOWNWARD.

TUBING
IN ~

CASING
A

/PACKEH

>

PRODUCING
FORMAT

—= GAS ENTERS LOWEST
VALVE ONLY,

Figure 2.10. Principles of gas lift

dlunger, pump submerged in the ﬂuid of a well.
Most rod-pumping units have the same general
dperating principles.

Hydraulic Pumps

Hydraulic pumps are so called because they are
operated by a hydraulic motor in the unit at the
cottom of the well. The fluid used to drive the
motor is the oil from the well itself. The motor, in
urn, drives a pump that pumps the oil to the
surface.

Hydraulic Free Pumps. One type of hydraulic
oump is the free pump. This pump is installed in
‘he bottom of the tubing and is operated by oil
:aken from the tank at the surface and pumped
jownward through the tubing (fig. 2.12). The
cower oil is returned to the surface through the

flow is reversed at the surface, and the pressure
going down the small line forces the pump up
through the tubing to the surface where it can be
recovered for inspection and/or repairs.

Hydraulic Conventional Pumps. Other types
of hydraulic pumps are available, and all of them
use the same basic fluid motor and pump in the
bottom of the hole. The motor and pumping unit
are lowered into the well on a string of tubing, and
the pump and power-oil tubing can be run either
inside the regular well tubing or inside the casing.
The conventional pump receives power oil
through the small tubing. It pumps produced oil to
the surface through the annular space between
the power-oil tubing and the regular tubing or
casing.

Submersible Electric Pumps. In many fields,
older wells produce a large volume of water in

]
small tubing along with new oil taken from the for- relation to the volume of oil, and, in order to be é
mation. When this pump needs servicing, the economically justifiable, tremendous volumes of i

B

D

A

J,
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HORSEHEAD

WALKING BEAM

EQUALIZER

———

GEAR REDUCER

WIRELINE

HANGER (BRIDLE)
BRAKE

—

AR SRS

CARRIER
BAR

BELT COVER

POLISHED
SAMPSON ROD

POST

STUFFING . L
BOX ‘

CASINGHEAD 4 :
e“ - : ] . ' . =
PIN BEARING COUNTERWEIGHT —~ = — = 1

Figure 2.11. Sucker-rod-pump components




Jid have to be lifted from the well. In these cir-
Jmstances, an electric submersible pump (fig.
.13) may be installed either in the tubing or in
\e casing. Since both the pump motor and the
ump are submerged in the well fluid, the electric
urrent is supplied through a special heavy-duty
rmored cable.

Figure 2.12. Hydraulic pump system in a well. This type of
artificial lift utilizes crude oil under high pressure from a sur-
face pump (A) through the tubing to a motor at the bottom
of the well to operate a pump (B). This pump raises pro-
duced oil to the surface. Oil leaving the motor is exhausted
into the stream of produced crude oil.

Artificial Lift m 19

OF SWITCH-
E

lﬁgé

A

INSTRUMENT
TRANSFORMER

SURFACE
CABLE

WELLHEAD
ADAPTER

CABLE CLAMP

STARTING VALVE

CABLE, ROUND

SPLICE

CHECK VALVE
CABLE, FLAT

CENTRIFUGAL PUMP

PUMP SCREEN INTAKE

MOTOR

Figure 2.13. Equipment arrangement for a submersible
electric pump




Logging

Well logging (fig. 1.13) is a method for
evaluating a potentially productive formation.
Common logs are drilling-time logs, mud logs,
core analyses, electric logs, acoustic logs, and
radioactivity logs. Mud logs, drill-stem-test (DST)
reports, core analyses, and electric logs con-
stitute the permanent records of a well that are
useful throughout its life. Logs are invaluable
when planning a workover, repair, or recom-
pletion.

Improved electric-logging methods and better
techniques of interpretation make it possible to
evaluate formation porosity and fluid saturation
with a high degree of accuracy (fig. 1.14). For
open hole, logs now available include the conven-
tional electric survey; guard—electrode log;
Microlog; induction log; and acoustic, density,
and radioactive surveys. There are also caliper
logs, directional surveys, and dipmeter surveys.

RECORDING APPARATUS
| LOGGING

TRUCK PULLEY

I

T\

EARTH ELECTRODE

MULTI-CONDUCTOR CABLE 2

DN
SO

ELECTRODES <

Logging ® 9

INDUCTION-ELECTRICAL LOG

Figure 1.13. Electric surveys, or logs, may be taken in an
open but not in a cased hole. Electrical impulses from the
electrodes vary according to the adjacent formations as the
cable is slowly pulled out of the well by the winch. The im-
pulses are recorded simultaneously with the depth reading

of the electrode in the well.

TRACK | TRACK 2 TRA(}B 3
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_Figure 1.14. Electric-log readings indicate the type of for-
mations and permit assessment of their fluid content.
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