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INTRODUCTION

newly drilled oilwell is not

much more than a lined
hole in the ground. When a drill-
ing crew drills a well, they line
it with large pipe called casing.
They also cement the casing in
the well (fig. r.1). At this point
in the well’s life, it usually cannot
produce oil and gas (hydrocar-
bons). The company that owns the
well—the operator, or operating

CASING
1

Figure 1.1. A newly drilled well

lined with cemented casing

company—has to

complete it. The operating com-
pany completes the well by add-
ing equipment and carrying out
certain procedures that will allow
the well to produce fluids (oil,
gas, and water).

To complete a well, a crew
usually installs a string of relau
small pipe—zubing—insid
well. Near the bottom etub-
ing, crewmembegs Q install
a special sealing de¥ice called a
packer and cohngct
valves and ing devices on
top of ell to control flow.

ithes, crewmembers add a

B&p or another device to lift

he oil out of the ground.

As wells produce over time,
equipment fails and the rocks
holding the hydrocarbons—the
reservoir—cause problems. When
problems with equipment and
the reservoir occur, low from the
well either slows down or stops
altogether. When this happens,
the operator also has to repair
and work on the well to bring
it back to full production. The
industry calls such repair and
work well servicing and workover.
The operating company custom-

arily hires a well servicing and

v

workover company, \trac-
tor, to do well r%{ and other
remedial wor
Well servgesng is maintenance
work] ally involves repair-
i {&pment, but a servicing
giractor may also add new
Quipment to restore the well’s
ability to produce hydrocarbons.

Workover includes any of
several operations on a well to
restore or increase production
when a reservoir stops produc-
ing at the rate it should. Many
workover jobs involve treating
the reservoir rock rather than the
equipment in the well.

Well servicing and workover
are important because oil is the
most heavily used energy source
throughout the world. The U.S.
Geological Survey has estimated
that 70 percent of all hydrocar-
bons on earth have been discov-
ered. Of these, 32 percent have
been produced and consumed.
The undiscovered 30 percent
is most likely in small fields in
difficult environments like the
polar regions and under the seas
and oceans. These environments

are extremely expensive to drill in.

;&\Q
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WELL COMPLETION

CASING

Let’s begin by reviewing the

fter a drilling crew has
drilled a hole to the reservoir

and lined the hole with pipe, ) ) )
) . pipe, or casing, that lines the
it may or may not do the addi- -
) hole from the start of drilling
tional work needed to get the )
) ) ) to the end. Threaded couplings
well into production. Sometimes o ]
. connect each joint of casing to

crewmembers move on to drill , , oS

.. form a casing string, which is the
another well, and a well servicing ) ]
X ) entire length of the casing.
crew comes in to add the equip-

ment needed to start the hydro- . >
string of casing in the h St

is drilled; therefore, :@ is not
easily removable* &
During dridli \nd com-

pletion, the,creyv runs several

strings @asmg into the hole.
E % g string fits inside the
s& each string is smaller in

diameter than the one set before

carbons flowing, or to complete
the well.

Completion begins with
installing tubing inside the
casing to provide a flow path for
oil and gas. The completion crew
sets a seal called a packer to seal
off the space between the tubing
and the casing and installs a well

head to control the flow of taheOQ L(ﬁg' ZI) The ﬁ'rst strnllg 1 ° I
reservoir fluids. Finally, th?\w the conductor casing, a relatively
sa

short string (20 to 100 feet, or
6 to 30 metres) of large-diameter

pipe that keeps the top part of

may install equipment Q
pump to lift oil to %r ace, if
natural driv% orce it up.

the hole from caving in during
drilling. The crew then drills
below the conductor casing to
just past the depth of the deep-

est fresh water in the formation.

17

. *
A cementing crew cements a@

4

UCTOR
ASING

(

SURFACE
CASING

INTERMEDIATE
CASING

RESERVOIR

CASING
SHOE

Figure 2.1. Concentric strings of

casing line the drilled hole.
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ARTIFICIAL LIFT é&?

fter tubing has been run in, It sends an up-and-down motion,  usually to a w, beam, and

the packer set, and the well called reciprocating action, to a hangs dov«m*g e the tubing,.
perforated, hydrocarbons usually  string of rods called sucker rods. At K@) the string, near the
flow to the surface immediately Sucker rods are solid, high-strength  bottomyof the well, is a sucker
or after a crew swabs the well. steel (or sometimes fiberglass) &pump. The walking beam’s
When pressure from natural rods connected together. The top iprocating action moves the

reservoir drive falls to the point of a sucker rod string is attach rod string up and down to oper-
where a well cannot produce on to the front of a pumping l@\ ate the pump.

its own, however, an artificial

method of lifting the hydrocar- 4 Qﬁ

bons is necessary. Artificial lift

is most commonly provided by OQ

some sort of pump or a method

WALKING BEAM

that involves injecting gas into @

the well. ‘ &Q

BEAM PUMPING Q'

*

By far the most common \
method of artificially p&
oil from the formati he
surface in land-b &lls is

beam pumpifige AVbeam pumping

unit sits on thashrface (fig. 3.1).

Figure 3.1. The beam pumping unit is a familiar sight in oil country.

33
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LOGGING AND TESTING A WELL ?*

Logging and testing wells

occur during drilling, com-
pletion, service, and workover.
Logging and testing specialists
use many types of instruments
and techniques to reveal infor-
mation about the condition and
location of the reservoir, forma-
tion fluids, wellbore, circulation
fluids, and equipment in the
hole. This chapter is an overview
of some of the main types of
logs and tests.

A log is a permanent record
of information about the forma-
tions a well has drilled through.
There are many ways to log,

or survey, a well. Some involve

observations of the drilling . O

conditions and rock, and

ers involve lowering a t&
the well that sends @s to an
observer on th SL*’E&

\‘»

DRILL STEM TEST

The drilling crew runs a drill
stem test (or DST) to test a for-
mation it has just drilled into.
The DST gives accurate data
about a formation’s pressure and
the composition of the fluids in
itt ADST tool is runin on t
end of the drill stem (fig

It has one or two pac

ested A

isolate the zone to

perforated p @een the two
packers, ¢en one packer
and the bottom of the hole,

all ation fluids to flow

A ressure recorder inside

ﬂle ool above the packer and
nother below the perforated
pipe chart the pressure. When
the pressure testing is finished,
valves in the DST tool close to
trap a fluid sample, the packer
is released, and the tool is
retrieved.

Analyzing the DST reveals
reservoir pressure, average per-
meability, the presence and loca-
tion of permeability changes,
formation damage, production
potential, and pressure depletion
rate.

45
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| PRODUCTION
VALVE

PRESSURE
RECORDER

DRILL
STEM
TEST
TOOL

PACKER

PRESSURE
RECORDER

Figure 4.1. A drill stem test tool
records pressure and samples the

formation fluid.



ANALYZING A WELL

Working on an existing well
to restore or increase oil
and gas production is an impor-
tant part of today’s petroleum
industry. Oil companies decide
whether to service or work over
a well based on two main fac-
tors: supplies of oil and gas, and
their prices in the marketplace.
When oil prices are high,
oil companies invest in drilling
new wells because they expect
to recover the costs quickly. In
1979 through the early 1980s,
for example, oil sold for about
$35 a barrel, and an average
of about 3,000 wells a month
were being drilled in the United
States. In 1986, the price had
dropped to about $10 a ba%\
and only about 8oo w re
being drilled a mo the
United States new wells
means the proportion of older

wells in s, and older wells
need ice or workover.

S
>

REASONS FOR SERVICE
OR WORKOVER

A well that needs service or

workover is not producing at all
or is producing hydrocarbons at
a rate not up to full potential.

Six general types of problems,\'
may call for a service or work™
over contractor: (I) excesSlves-gas

production, (2) exce ater
production, (3) ‘éoduction
rates, (4) pro 10n of sand,

(s) equipm&llil:e, or

(6) cher@:l reservoirs.
/p%essive Gas Production

n wells with a gas-cap drive, the
natural gas expands as liquids
flow out (fig. 5.1). Originally,
perforations in the casing are
well below the gas cap, but even-
tually the gas cap expands below
the perforations. The well then
starts producing a lot of gas with
the liquids. Excessive gas pro-
duction depletes the gas, driving

the oil out of the reservoir.

53
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O
< ORIGINAL [/
ORlG GAS CAP
O EXPANDS O,

o GAS-OIL - %}
o¥e) CONTACT

s O oY O°

.o O¢O*O¢O

O

LATER GAS-OIL CONTACT

———

Figure s.1. As oil is produced,
the gas cap expands and reaches
the level of the perforations in the
casing or liner.
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SERVICE AND WORKOVER EQUIPMENL?*

B efore the 1950s, rig builders
usually built a permanent
derrick at each well for drill-
ing and maintenance of the
well throughout its life. Now,
however, the whole drilling rig
is moved to a new site when
drilling is finished. The well is
left with only a wellhead and
sometimes a pump, so service
and workover companies must
bring the equipment they need
to work in the well.

The amount and type of
equipment they need depends
on the job. One job may require
a light-duty rig and a couple
of workers. The next well may
need a somewhat larger rig «
with a tall mast and a crew

several workers. Anothe@b

may require extra 0

work around
rig capable

heavy—cwoi ting.

S
>

g
Q~

(o

RIG EQUIPMENT

They come ipra vafiety of
- — sizes. In gene icing jobs
Service and workover rigs, like 8 z;i &)
require s gs than workover

drilling rigs, are machines for Alest rigs raise and

jobs
lower awvireline or conductor line.
&dd workers sometimes call

se wireline rigs (fig. 6.1).

hoisting pipe, wireline, and tools
into and out of a well. They have
a derrick or mast, a drawworks,

and a power source. Unlike drlg

. . *
ing rigs, not all of them hay,
culation or rotary syster&

Figure 6.1. A small, light-duty unit
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WELL SERVICING AND REPAIR

Wells require maintenance
and repairs from time to
time due to normal wear, age,
and hazards of the environ-
ment to which the equipment
is exposed. Downhole pumps,
sucker rods, and gas-lift equip-
ment all have moving parts,
which wear out because of ero-
sion from the fast-moving res-
ervoir fluid, which may contain
sand or particles of metal left
from perforating, for example.
Production tubing also corrodes.
Both moving and stationary
equipment can fail because of
corrosion, scale, and paraffin
deposits.

Lease operators are usu-
ally the first to notice ab \
conditions in the wel ug-

ork.
Routine test | reports on
daily product%(wellhead pres-
sure, an@?&centage of water in
the ¢il\ptovide evidence of the

n\ I maintenance or repair.

gest the need for

The most common service and
repair jobs include swabbing and
repairing or replacing sucker rod
pumps, sucker rods, production
tubing, and packers. (The next
chapter describes another type of

X\
REPAIRING BEAM ;Q)\

PUMPING EQUI

Modern beam ‘ir,lg units
perform ﬁ@ time with

proper care when not

servicing job, fishing.)

overl . Proper care means
)% brication of the mov-
ing'parts and seasonal changes

f the oil in the speed reducer.
Many rig operators choose not to
change the oil unless it appears to
be dirty; however, they pull the

drain plug on the speed reducer
to drain any condensation.

&to the gear teeth.

;&\Q

\\}(o

Q,}?‘

Another mainte@e check
is to assure e cranks are
correctl@ erbalanced.
e

Im eight can cause dam-

Sucker Rods and Pumps

Sucker rods, their couplings,
and sucker rod pumps can fail
because of corrosion and scale,
erosion and wear, careless han-
dling, or stress from the pump’s
movement. Often, more than
one of these factors is at work.
To service, repair, or replace
the rods or pump, a crew pulls
the sucker rod string out of the
well. For a tubing pump crew-
members must also pull the tub-
ing, and for an insert pump they
pull only the sucker rod string.

Q;\SO
%
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O ilfield workers have two

lost or stuck in a well: fish and

names for pieces of metal

junk. A fish is a piece of equip-
ment, pipe, or any other sizable
piece of metal in the hole that
should not be there. Junk is a
smaller piece of metal, such as a
broken bit tooth or a hand tool
that a crewmember dropped
in the well accidentally. Junk
can interfere with workover or
well service operations. When
it does, the operation ceases,
and crewmembers have to fish
(remove) the junk from the well
Similarly, a large piece of equip-
ment, part of the tubing string,
or any other large fish imped\
work and must be remove

The operation to r
a fish or junk is a job.

Fishing often j s rotating
a tool in the r circula-

tion of kover fluid, so it
may requjre a larger service rig.

%
>

FISHING

However, many fishing opera-
tions can be done with wireline
or coiled tubing run inside the
production tubing.

TYPES OF FISH
Fish include drill pipe, drill,
%

collars, tubing, screen line%
packers, and sucker ro %

either stuck in the have
broken off becaus Q-nechani—

o
on, or abra-

are

cal failure, c

sion.

<
. Biilieipe
% pipe or drill collars can
et stuck in the hole for several
reasons: (1) the hole can collapse
around the pipe; (2) the pipe can
get stuck in a keyseat, a small-
diameter portion of the hole; or
(3) pressure can hold the drill
collars so securely to the wall of
the hole that no amount of pull-
ing can free the pipe.

(§\Q
The most co?g:eason

for the wall ole collapsing
around ﬁ&pe 1s that, under

itions, salt water

cert;ﬂ
in,poredof the rock can attract

p
é&r in the drilling mud. If

e formation consists of shale
and the water in the mud is in
contact with the water in the
shale, the water in the mud has
a tendency to transfer to the
shale. Transferred water causes
shale to expand; small sheets of
shale then flake off into the hole,
eventually fill it up, and the pipe
sticks.

Pipe can also get stuck in a
keyseat (fig. 8.1). A keyseat is
caused by a dogleg, which is a
severely crooked section of
hole. (“It’s as crooked as a
dog’s hind leg” is the expression
that gives rise to the term.)
The drill pipe tends to lean
against the side of the dogleg
and, as the pipe rotates, it digs
out a new, smaller hole in the
side of the main borehole.
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SAND CLEANOUT AND WORKOVER

Workover jobs may include
cleaning sand out of the
well and adding a means of
preventing sand from entering
it, replacing liners, plugging

the well, repairing casing, drill-
ing deeper, and drilling around
obstructions in the well. Some
workover jobs require only a
wireline to lower tools, but
others need to rotate tubing or
drill pipe, so the workover rig
has equipment to rotate the pipe
string. Operations that need to
circulate workover fluid into the
well require pumps and storage
tanks.

SAND CLEANOUT

completion, fine s
ally infiltrates h@*sa el pack
and the scre@ fills up the

slotted liner. Some-

at to exclude it, sand enters
ell and causes trouble.
en this happens, a workover

crew cleans the well out.

xQ
%
%

Qpackers in place and lowers the

The method of cleaning
out the sand depends on where
the sand is and how tightly it is
packed. All methods use circula-
tion of a fluid, usually salt water,
to flush the sand out.

(
Using a Macaroni Rig or ©
Colled Tubing <2

One method uses % maca-
roni rig (fig. 9.1)-0hcdiled tubing
(hg.9.2). A
atively smallig that handles spe-

cial li

oni rig is a rel-

ight, small-diameter

d macaroni. The crew

a
Le&s the production tubing and

macaroni string or coiled tubing,
generally about 1 to 1% inches
(about 2530 mm) in diameter,
inside the production tubing.
Crew members lower the string
until it just reaches the top of
the sand. Then they circulate salt
water down the tubing at a high
velocity, lowering the string as
the sand washes out. This high-

=

AL, LI

MACARONI
TUBING T T

D

SALT WATER
AND SAND

OIL STRING _3|
CASING

PRODUCTION
TUBING

SAND ;

" OILSAND |

Iy ull
PERFORATIONS ()
)

velocity salt water forces the sand
to the surface through the annu-
lus between the production tub-
ing and the macaroni or coiled
tubing.

99

Figure 9.1. Macaroni tubing fits
inside the production tubing to
wash sand out.



WELL STIMULATION

Well stimulation includes
techniques for overcom-
ing the problem of a tight for-
mation, or one that has a low
permeability. Remember that
permeability is a measure of
how well the pores that contain
hydrocarbons are connected to
each other. Extracting the hydro-
carbons from tight reservoirs is
difficult and slow. On the other
hand, the natural permeability
of the rock may be adequate, but
the formation near the wellbore
may be damaged in a way that
restricts the flow channels in
porous rock. Formation damage
can occur during drilling, com-
pletion, workover, production
or injection.

Low permeability, w,
natural or artificial, r S
productivity to a t is not
economical. ulation
is successful ehgifgh that many

ulated immedi-

Well stimulation overcomes
low permeability by creating
new flow channels or enlarging
old ones. There are three ways to
do this. The oldest method is to
use explosives. During the 1930s,
acid stimulation, or acidizing,

became commercially available*

Hydraulic fracturing, the thi

stimulation method, wa@

duced in 1948.

~ A
EXPLos[vggQ

As early asM86os, crews

itroglycerin inside

explo
}Q‘ o‘improve their productiv-
ity.

hey simply lowered a nitro
harge into the open hole on a

Sy
* O conductor line and detonated it

to fracture the formation. Nitro
shooting was fairly routine until
the advent of acidizing and
hydraulic fracturing.

117

S

os, lease
ted with

For a time in th
operators experl

1n a limited
swells. While this

reased production

nuclear exp
number

t, the cost was prohibi-

Oil companies are still inter-
ested in explosive techniques
because certain kinds of tight
formations do not respond
readily to either acidizing or
hydraulic fracturing. Research
continues in an effort to find
other techniques that might
increase production, but fractur-
ing and acidizing are currently
the most effective well stimula-
tion methods.

S
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ADDITIONAL RECOVERY TECHNIQUES

fter a well has used up the

reservoir’s natural drives
and all the hydrocarbons pos-
sible have been lifted by pumps
or gas lift, statistics show that
25 to 95 percent of the oil in
the reservoir may remain there.
This amount of oil can be worth
recovering if prices are high
enough. The petroleum industry
has developed several techniques
to produce at least part of this
remaining oil.

One thing to keep in mind
about additional recovery tech-
niques is that they are expensive
and risky. They require special
chemicals, equipment, and per-

sonnel. And there are no guaran—Qr

tees that a project will worke
course, the potential rewar,

high if a project does wdrlngtt,
but the risk is also&f .Jln most
cases, it takes years before a com-
pany actuall
any oil from a project. Recover-
ing (@eservoirs beyond

thedhigial production remains

IS recovering

f the great challenges facing
e oil industry.

&
%
%

N
\\}(o
toward other wells in@!me res-
ervoir. These pro%j:in wells then
pump up j;e\w water, often
by means am pumping
uni&@ njection wells sur-
round‘each producing well. This
é(edure is called waterflooding,

Sometimes a crew injects a

WATERFLOODING
When the wells drilled into one

reservoir stop flowing, the com-

pany representative may hire a
workover contractor to pump,
or inject, water into some of

them (fig. 11.1). The wells into

which water is pumped become
injection wells. This water kiﬂ\

the wells and then sweeps
the reservoir and mova@ﬁ of
the oil that remaing«in\the rock

OO

gas, such as natural gas, nitrogen,
or flue gas, in alternating steps
with water to improve recovery. In

this case it is called gas injection.

PRODUCING
WELL

INJECTION
WELLS

L&

Figure 11.1.  In waterflooding, water is injected into wells around the
¢4 % Y

producing well. This is a five-spot pattern—four injection wells and one
producer—but many other patterns can be used.
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he tens of thousands of wells
producing all over the
world cannot begin to pro-
duce or continue to do so
efficiently without the efforts
of completion, well servicing,
and workover personnel. Using
sophisticated techniques and

CONCLUSION

equipment, these people start

and keep oil and gas flowing,

from tiny 10-barrel-a-day “strip-

per wells” to giant gas wells

producing millions of cubic feet

(cubic metres) of gas each day.
Whether using a simple

truck-mounted swabbing unit

or a complicated jackup off~ \%

&

131

&
shore unit, well servi:éﬂ
workover compaies the world

over keep on r most vital

resources oleum—avail-

abl@&@hen and where we
d it

S
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To obtain additional training materials, contact:

PETEX
THE UNIVERSITY OF TEXAS AT AUSTIN
PETROLEUM EXTENSION SERVICE
1 University Station, R§100
Austin, TX 78712-1100

Telephone: 512-471-5940
or 800-687-4132
FAX: 512-471-9410
or 800-687-7839
E-mail: petex@www.utexas.edu
or visit our Web site: www.utexas.edu/ce/petex

To obtain information about training courses, contaﬁ&

PETEX O
LEARNING AND ASSESSMENT ER
THE UNIVERSITY OF T
4702 N. Sam Houston Parkway W/ ite 800
Houston, TX 77&
Telephone: 281-39¢-2440
or 800- 2
FAX: -2441

E-mail: plach@www.utexas.edu
or visit our Wehb,site: www.utexas.edu/ce/petex
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