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Units of Measurement

v
v
v (9’0'
hroughout the world, two systems of measure dominate:
the English system and the metric syste @ , the United
States is one of only a few countries that em: the English system.

The English system uses the pound asighe unit of weight, the foot
as the unit of length, and the gallon a@e nit of capacity. In the
English system, for example, 1 foot¢quals 12 inches, 1 yard equals
36 inches, and 1 mile equals 5,2%_‘1@ or 1,760 yards.

The metric system uses as the unit of weight, the metre
as the unit of length, and téé 1€ as the unit of capacity. In the metric
system, 1 metre equgls I imetres, 100 centimetres, or 1,000 mil-
limetres. A kilome \q Is 1,000 metres. The metric system, unlike
the English syst&mjuses a base of 10; thus, it is easy to convert from
one unit to anothep To convert from one unit to another in the English
system, y. ust memorize or look up the values.

@ 1970s, the Eleventh General Conference on Weights
and Measures described and adopted the Systeme International (SI)
Unites. Conference participants based the SI system on the metric

The Rotary Drilling Series gives both English and ST units. And
because the SIsystem employs the British spelling of many of the terms,
the book follows those spelling rules as well. The unit of length, for

example, is metre, not meter. (Note, however, that the unit of weight

0 stem and designed it as an international standard of measurement.
*

is gram, not gramme.)
To aid U.S. readers in making and understanding the conversion
system, we include the table on the next page.

’Q
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English-Units-to-SI-Units Conversion Factors

Quantity Multiply To Obtain
or Property English Units English Units By These SI Units
Length, inches (in.) 254 millimetres (mm)
depth, 2.54 centimetres (cm)
or height feet (fr) 0.3048 metres (m)
yards (yd) 0.9144 metres (m)
miles (mi) 1609.344 metres (m)
1.61 kilometres (km)
Hole and pipe diameters, bit size inches (in.) 254 millimetres (mm) ~
Drilling rate feet per hour (ft/h) 0.3048 metres per hour (mA'O'
Weight on bit pounds (Ib) 0.445 decanewtons
Nozzle size 32nds of an inch 0.8 millime&r‘?fmy)
barrels (bbl) 0.159 cubi es (m°)
159
gallons per stroke (gal/stroke) 0.00379 cubic @Stmke (m3/stroke)
ounces (0z) 29.57 lllhtres (mL)
Volume cubic inches (in.%) 16.387 %blc centimetres (cm?)
cubic feet (ft?) 28.3169 litres (L)
0.0283 cubic metres (m?)
quarts (qt) 0.9464 litres (L)
gallons (gal) 3 783 litres (L)
gallons (gal) cubic metres (m?)
pounds per barrel (Ib/bbl) kilograms per cubic metre (kg/m3)
barrels per ton (bbl/tn) % cubic metres per tonne (m°/t)
gallons per minute (gpm) 0379 cubic metres per minute (m*/min)
Pump output gallons per hour (gph) \ 0.00379 cubic metres per hour (m?/h)
and flow rate barrels per stroke (bbl/s r(Q 0.159 cubic metres per stroke (m*/stroke)
barrels per minute (lﬂ)l 0.159 cubic metres per minute (m?/min)
Pressure pounds per square inchubi) 6.895 kilopascals (kPa)
@ 0.006895 megapascals (MPa)
Temperature degre@heit (°F) FI;SSZ degrees Celsius (°C)
Mass (weight) yun}es (0z) 28.35 grams (g)
ounds (Ib) 453.59 grams (g)
0.4536 kilograms (kg)
¢ tons (tn) 0.9072 tonnes (t)
C\ pounds per foot (Ib/ft) 1.488 kilograms per metre (kg/m)
Mud weight 4 pounds per gallon (ppg) 119.82 kilograms per cubic metre (kg/m?)
P pounds per cubic foot (Ib/ft?) 16.0 kilograms per cubic metre (kg/m?)
Pressure gradie O/ pounds per square inch
per foot (psi/ft) 22.621 kilopascals per metre (kPa/m)
Funnel €€ }9 seconds per quart (s/qt) 1.057 seconds per litre (s/L)
po pounds per 100 square feet (Ib/100 ft?) 0.48 pascals (Pa)
ehstrength ounds per 100 square feet (Ib/100 ft2) 0.48 ascals (Pa
R g p p q p
leake thickness 32nds of an inch 0.8 millimetres (mm)
\Q )v Power horsepower (hp) 0.75 kilowatts (kW)
\Y square inches (in.%) 6.45 square centimetres (cm?)
& square feet (ft%) 0.0929 square metres (m?)
\' Area square yards (yd?) 0.8361 square metres (m?)
@ square miles (mi?) 2.59 square kilometres (km?)
acre (ac) 0.40 hectare (ha)
Drilling line wear ton-miles (tn®mi) 14.317 megajoules (M])
1.459 tonne-kilometres (t®km)
Torque foot-pounds (ft*lb) 1.3558 newton metres (N*m)
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In this chapter: @

* Factors affecting fluid production &
e Reservoir rock formations s\
*  Porosity and permeability 0
® Reservoir characteristics ‘@
. *
‘ ‘ Tell completion methods vary a great deal b not only
are no two wells exactly alike, butalso no réducing com- To improve recovery of

eto talk about the petroleum and reduce
costs, a well completion

must be planned carefully
using data from testing,.

panies handle a well the same way. It is imposs
typical well completion because it does not exist. Personal preferences
and experience dictate the choices ma ecting individual steps
taken during completion. A frequenftlygheard comment is “there are
35 or 40 ways to complete a particuldr well and five of them are bad,
so just avoid the bad ones.” Ye @eneral completion process—the
gathering, checking, and an g of data and the choosing, design-

ing, and running of tg@npleﬁon—is the same for every well.

Completion planni s before drilling and continues through

completion, stim , well servicing, and recompletion. The plan
must take mg thformation into account to reach the overall goal of

: that is, to produce the most oil and gas at the least
st. A well-planned completion accomplishes this goal in

ically speaking) by producing reservoir fluids efficiently. Second,
\‘ es possible later costs of equipment, workover, and recompletion
O rough foresight in planning. No matter who plans a completion,
\g reservoir conditions primarily, along with efficiency and foresight,
@ decide the well’s success or failure.

%



Formation Evaluation O
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In this chapter: @

* Evaluating subsurface formations &
*  Seismic surveys and well records s\

* Types of logs and measurements 0

¢ Identifying producing zones ‘@

In the early days of drilling when cable tool rigs X Alated, the
notion of sampling well bailings to find out 3\:133 bit was pen- Data used to evaluate

ste of time. If a subsurface formations:

etrating not only seemed unimportant but als e
* Seismic surveys

well was going to produce, it would produc@ampling well bailings

+ Records from nearby

would not change that. Q wells
Today, it is still true that form&e aluation cannot change a - Core samples

well’s production potential, but completion techniques suggested by + Logs
formation data can. Formation ationis performed routinelyandin

. *
more ways than early oil ent eurs could have dreamed. Methods

use of seismic surveys,records from nearby wells, the driller’s log, mud

for evaluation of subsur? @rmations now include the sophisticated
logs, core sample& a multitude of wireline well logs.

to where'pay zones may exist (fig. 2). From a seismic record, the loca-

Seism@r%elp in deciding where to drill because they give clues ~ Seismic Surveys

tio pth, and size of potential reservoirs can be predicted. Later, if
\ ormation is found to hold petroleum, its volume can be estimated.

Q}&o
%
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Formation Testing N
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In this chapter: "\@
<

* Types of formation tests &

*  Wireline testing Os\

¢ Drill-stem tests and tools

*  Dirill-stem assemblies and procedures . \%
* Surface well testing &%\

*  Usefulness of various tests @
&
AN
\\'
I i‘ormation testing may be done before or aft€r running casing,
cementing, and perforating. (The s that are completed Formation testing helps
open hole, of course, are tested only gpemthole.) Cased-hole comple- determine the production
. . capability of a well and
tions are tested through perforations

° 7 whether the well should
by cased-hole testing is also stana®d in some areas. be completed.

The formation test is @ 1 proof of a well’s initial capabil-
ity to produce oil and g aying quantities. Cores and logs tell
which formations are ki o produce and where to perforate them,

but predictions a&r e best data on which to base an expensive
e

en hole testing followed up

completion. H% , formation tests in general are most useful in
reservoirs '% dium to high permeability (greater than 15 or 20
millidarcys). lf developed areas where log analysis has proved to be
succe@ identifying potential completion formations, most opera-

tor% o the costs of formation testing.
ireline formation testers and drill-stem test (DST) tools can be
\sed during or after the conclusion of drilling. Both types of forma-
\g tion tests may be used on a well when considering it for completion.

<

%
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Completion Design L
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In this chapter: "\@
<

¢  Common aspects of completion design &

¢ Well completion methods Os\

* Single and multiple flow paths
¢ Completion systems for efficient production . \%

* Economic factors &%\
Q‘Q,
P I o two wells are alike. Every good completio %gn takes into

account the uniqueness of a well. It wou difficult to look

at every possible completion design, but thl@ems are part of every
design process:

* Completion method most suftable for the well
*  Completion system cha$ehyto bring the fluids to the wellhead
¢ Completion costv@ production potential

The completion m Qhosen greatly affects the communication Completion
from the reservo'& e wellbore. Methods
Basically theremare two methods:
. O@; completion

&rforated completion

onventional perforated completions, reservoir fluids commu-

@\e to the wellbore through perforations (holes) made in the casing
d

cement. Perforating must be delayed until the cement has properly
set and the bond log has been run. In open-hole completions, casing is
set and cemented at or near the top of the production interval, and the
reservoir is drilled with a bit that is smaller than the inside diameter
of the casing. Coal-bed methane wells and horizontal wells are often
completed in open hole.

43
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Completion Tools
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In this chapter:
* Basic classes of completion tools
* The importance of tubing
¢ Tubing strength ratings

¢ Common types of flow-control equipment .@

* The impact of production methods &6

4 Q)
‘\Q
ssibili

Today’s oilfield technology offers num@? ties for

completing a well. While every well is uniqtieind for every well

there is a unique completion, all completio@zsigns include certain
options. Although arange of modernc etion equipmentthatseems
almost limitless provides these options,'all completion tools fall under
afew basic classes. Each class ﬁll@dﬁc need in completion design.
The numerous combinations Q e

be tailored to suit the wel N
seating nipples, flow-c quipment, erosion-control equipment,
wellheads, and whe@%sary, artificial lift.

Tubing \
A tu‘b:m@rin is an important completion option and is usually the

first eration in completion design (fig. 26). When used with
varigupequipment options, tubing is the heart of a completion system.

basic toolsallowa completion to
basic tools include tubing, packers,

&O\ilbing Strength Ratings

Every type of tubing is assigned American Petroleum Institute (APT)
ratings for tensile, collapse, and burst strength. Tensile strength is the
maximum pull that the tubing can bear from its own weight, plus any
added pull required to unseat packers or anchors. If the pull is too great,
the tubing will stretch until it parts. Collapse strength is the maximum

Figure 26. 'Tubing ready
to be run into a well

55
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Perforating O
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In this chapter: +
* Perforating methods &Q

* The three stages of stimulation Os\

* Running the completion

¢ C(Cleaning up the well .

he advent of gun perforating in the 1930s n‘m%t easy to
shoot round, uniform holes in cemented €a$i ntil then, Be”e'r‘itS.Of gun
passages for formation fluids had to be made in@, cemented wells perforating;

atslowly gouged each Less damage to casing

with clumsy, unreliable mechanical perforato, (than with the previous

hole needed, sometimes badly damagi asing in the process. e
The disadvantages of early perfor chniques made the open - More accurately placed
hole a common completion choice at the time. perforations

Gun perforating radicall @ged completion technology. It * Selective perforation

allowed the entire well to bxe of itz easling i G
produced by means of ac zones

through and specific zones to be
ly placed perforations. Acidizing and

fracturing technique st always work better in wells where the
@olated from other formations. Also, multiple

petroleum reserv

zones separ: ed.ébm one another in the same wellbore produce
more efﬁc@ one isolation has become a legal requirement in
many argas with commingling allowed only with proper request and
perm@ Effective perforating techniques have helped to make all
th ngs possible.

\ riginally, gun perforating used actual bullets fired at the casing
&Ofast. But bullet perforating has pressure and temperature limitations.

Qé\' During World War 11, bazooka technology was used to develop jet

penetrate cement and formation rock. It was cheap, effective, and

perforating, which has since become the method of choice for a very
high percentage of cased-through completions.

73
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Througout this index, f represents a figure on that
page.

acid for well stimulation, 78, 79
acid wash, 77
acidizing, 73
acoustic logs, 23
acre feet, 5
American Petroleum Institute (API), 55
annular pressure, 56, 58
annular production, 40
annular space, 44
annulus
in the DST assembly, 31, 32, 33
flow control and, 62
monitoring, 68, 81
in a multiple-zone conventional system, 49,

49£ 50 <
sliding sleeves and, 62 Q

APIT gravity, 4041
API standard gamma ray units, 21 p
artificial lift, 44, 70, 71

in an open-hole completiony 4\0
back surging, 77 6
bare-foot completion, Q
barrel cores, 14, 14

barrels, oil, 53,,7

bazooka tec 73
beam pumpingy70, 70f
biscuit guttés, 14

bit ¢

bi gs, 13

\as 14, 15£, 17,43
O st joints, 65, 66, 72
S
Q@

blow and flow periods, 35
blowout preventers, 82

blowouts, 14, 32, 42, 64

bond log, 43

bottomhole pressure, 36, 39, 40
bottomhole pressure gauge, 28, 38

box and pin, 56
braided-line DST, 32
breathing (tubing), 56, 72
brine solution, 8, 38, 76, 82
bubble bucket, 33

bulk density, 21

bulk fluid samples, 38
bullet method. See gun perforating
burner (offs 38

burst stren , 7

butane,

(%
A

& 4
C m, 4,9, 21
o

ium carbonate, 3
calcium magnesium carbonate, 3
caliper logs, 17
carbon, 21
carbon dioxide, 8, 35, 40, 46, 57, 79
carbonate reservoirs, 44, 54
carbonate rock, 2f, 3, 9
cased-hole completions, 27
casing
for jet perforating, 74f
perforated completions and, 44, 451
protecting from erosion, 66f
single-string dual completion and, 50
casing hanger, 67f, 68, 72, 82
casing pressure, 40
casing scraper, 80
casing string, 45, 52, 56, 57, 68
casingheads, 67, 68, 72, 82
casing-tubing annulus
in a conventional system, 48, 48f, 49
monitoring, 33
packer fluid in, 82, 83
pressure in, 40
producing gas through, 50, 58
single flow path, 46
sliding sleeves, 62
caving formations, wellbore and, 17

113



TESTING AND COMPLETING

caving sidewalls, 36, 44 overview of, 71
cement bond log, 80 permanent packers, 61, 61f o \Q
cement wiper plug, 80 production packers, 57-60, 58f \

cementing retrievable packers, 60 06

casing strings, 5, 52 running and setting, 81

completion methods and, 36, 43, 54, 71 seating/landing nipples, 62 ?\

in conventional systems, 48, 54 tubing, 55-56
designing program Of, 17 wellhf:a}ds, 67-71, 67f
erosion and, 57 composition, 41
mineral, 4 compression packer, 60, 60f, 81 6
perforating, 44, 45f, 73 conditioning. See wellbore condition%
charging case, 74f conductor line, 16, 17, 28, 38
check plugs, 63 connections @
check valves, 63, 63f, 72 porgsity and, 5-6 &
chemical concentrations, 18, 19 testung, 38
chlorine, 21 tubing, 56, 60, 71,
choke manifold, 36, 38-39 contact, 25, 35
Christmas tree, 36, 67, 69, 69f, 72 conventional systéms for completion, 48-49, 54
circulation, 46, 47, 62, 80 coral reefsﬂ%’
clastic rock, 2f; 3,9 core anal%
clay core sarfipl
acoustic logs and, 23 2 %5 of, 16 .
permeability and, 21, 35 . affalyze formation competence, 45
porosity of, 4, 5, 6 Ya rel, 14
stabilizing chemicals, 79 Imitations of, 27
swelling, 76 overview of, 14

sidewall, 15, 15F
cleats, 3,9 typical size of, 14

coal, methane adsorbed onto, 3, 9 @ 4

coal-bed methane Q coring gun, 15, 15f
completion design, 43, 44, 54 corrodents, 8, 10, 35, 57
development of, 2 / corrosive fluids. See also fluids
differing completion procedu@ﬂ completion tools and, 8, 10, 35
overview of, 3-4, 9 . inhibitors, 79, 82

collapse strength, 55-56, 7 %\ overview of, 8, 10

compacting from press perforated gompletiong apd, 44
completion design v as a reservoir charactensuo, 2

cost Versus pote& 3,54 in well stimulation, 79

flow paths, 4 costs of well completion, 52, 53, 54

methods@f,43-#5 coupling, 56

overview crude oil, 40-41, 71

specidlized systems, 52-53 cubic metres, measuring rock volume with, 5

S &’B 48-53 cushion, DST test and, 32, 33

afigtions in, 1 cuttings, 13, 32
etion systems cyclonite, 75

conventional, 48-50, 48f, 51f, 54

@ specialized, 52-53 darcy, 5,9

completion tools. See also equipment

Q\' corrosive fluids and, 8, 10, 35 d’Arcy, Henri, 5

erosion-control equipment, 65-66 data, usefulness of, 41
flow-control equipment, 62-64 debris

gun perforating, 73 cleaning out, 38, 77
inspecting, 81 flushing, 76, 80
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forming hydrocarbons, 3, 9
decentralizer in a resonance log, 23, 23f
deep wells, 61
density log, 21
detonating cord, 741, 75
differential gas pressure, 40
differential pressure, 56
dissolved gas, 58
dolomite, 2f; 3, 22
dolomitization, 4, 9
drag blocks, 59, 59f
drag springs, 59, 59f
drill collars, 33
driller’s logs, 12, 26
drilling fluids. See fluids
drilling mud, 80, 83
drilling rig, 82
drill-stem test (DST)

assembly for, 31-32, 42

compared to surface well test, 36

interpretation, 34-35, 34f

overview of, 42

procedures for, 32-33, 42

tools for, 30-31

usefulness of, 41
dry gas, 53, 54
dual completion, 47

NI

’

efficiency
lift, 50
production packers and, 57, 58
pumping, 46 .
in well completion, 1, 53 \
electric line conveyed per guns, 76
electrical current, 16, 2f
electric-line set pac , 72
elements, natuga
emulsion fo

on, 76
, 79

fi

barrel cores, 14

artifiei
@mer, 17
O\ orrosive fluids and, 8, 10, 35

costs of, 1, 53, 54

for a drill-stem test, 30-31, 30f, 32, 42
erosion control, 65-66

flow control, 62-64, 71, 72

for high pressure completions, 81

for magnetic resonance, 23

for a miniature completion, 52

INDEX

for surface well tests, 36, 37f

wellheads, 67-71

wireline formation tester, 28-29, 28f
erosion, 57, 65-66
experience and judgement, 1, 31, 50
explosive charges, 44, 60, 74-75

\\?’;\5(\
W
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fissures, 6 @,
flange, 68

flanging up, 82 6
flares, 37, 38 @'
flexure, 17 +

flow coupling, 66, 66f; 72
flow paths, 46-47, 54, 65
flow period, 29, 33, 39,

flow pressure, 38
flow rates 0
after comlﬂe@' 2
equipme % 2
0

oil and
ina -hole completion, 44

preddction packers and, 57
'%ge tank for low, 38

surface safety valves, 64

&@

well testing and, 36
flow-control equipment, 62—64
flowing the well, 38
flow-line manifold, 36, 37f, 38
fluid migration, 44
fluids. See also corrosive fluids; formation fluids;
reservoir fluids
analyzing through a DST, 34, 35
bulk samples of, 38
chemical concentrations of, 18
for completion, 76, 83
identifying with a drill-stem test, 32
jet perforating and, 74
for packers, 82, 83
perforation, 38
production packers holding velocity of, 57
sampling during a DST, 33
for well stimulation, 78-79
formation competence, 45
formation evaluation
core samples, 14-16
damage in, estimating through a DST, 35
driller’s logs, 12
to find the most promising pay zones, 25, 26
logging while drilling, 25
mud logs for, 13
records of nearby wells, 12, 25

0@1 the surface well test, 39

115
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TESTING AND COMPLETING

seismic surveys, 11, 12, 25

suggesting completion techniques, 11, 25

surface well tests, 3641
wireline well logs, 16-24
formation fluids. See a/so fluids
chemical concentrations of, 18
corrodents in, 8, 10
DST and, 31, 32, 33
particles in causing erosion, 57
properties of, 7
salt content in, 18
sampling, 28
formation sediments, 21
formation testing
drill-stem test, 30-36
overview of, 27, 42
usefulness of, 41
wireline formation test, 28-29
formation water resistivity, 18
fossils, 16
four-point test, 38
fractures, 3, 9
fracturing techniques, 73
friction blocks/springs, 59

gamma ray log, 18, 21
gas, 13

gas chromatography, 40
gas composition, 40

gas influx, 44

gas lift, 70

gas pressure, 58

gas temperature, 40

gas wells, 41, 46-47, 82 6
gas-in-oil solubility, QQ
gas-lift mandrels,

gas-oil contagt, &

gathering systefns, 82
gaug "0
G% ounter, 21

ical marker beds, 12

\E%&logical pressures, 4, 9

aphing, 35
gravel pack, 45, 66
gun perforating, 73, 76
gypsum, 78

heading, 58
heater, 36, 37, 37f

116
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gas saturation, 7 .
O

heating value, 41
HMX, 75
hold-down buttons, 59, 59F
horizontal wells
completion design, 43
differing completion procedures for, 71
open-hole completion, 44, 54
hydrate formation, 40
hydrates, 37
hydraulic fracturing, 78 6
hydraulic jet perforating, 78
hydraulic-lift systems, 70
hydraulic-set packers, 60, 7,

40
hydrocarbons @

calculating density O%rough density logs, 21

gamma ray logs arg
knowing content o

\\)cj;\\(\
W
>

light, 8

origins of;

presen d resistivity logs, 19
hydro

static pressure, 29

OQ'gneous rocks, 2

impermeable formations, 3, 18, 21
induction log/survey, 19

infill wells, 14

inflatable straddle tools, 42
inorganic theory of oil and gas, 3
interface. See contact
intermediate casing, 67f

invaded zone, 18, 19

jet perforating, 73, 74-75, 74f, 83
junk, 32
junk basket, 80

kill line, 37f
killing a well, 46

landing nipples. See seating/landing nipples
landing the wellhead, 82

lateral bit movement, wellbore and, 17
lateral focus log, 19

leaching, 4, 9, 21

limestone, 2f, 3, 5, 22

loading, 46-47, 57, 72

log off, 57

logging while drilling, 25, 26



long-reach horizontal drilling, 25
low-pressure wells, 53, 54, 70

low-volume well, miniature completion for, 52

magnesium, 4, 9

magnetic field, 16, 19

magnetic resonance logs, 23, 23f
manifolds, 36, 37f, 38-39
marker bed, 12

market value and price, 40-41
mass spectrometer, 40

master valve, 67/, 69

matrix, 3, 9, 29

maximum run-in speed, 81
mechanical-set packers, 60, 72
metamorphic rocks, 2

methane, 2, 3-4, 9, 40
microresistivity log, 19
millidarcy (ind), 5, 9

millivolts, 18

mineral cement, 4

minerals, 18, 21, 35

miners, 3—4

miniaturized completions, 52, 52f; 54
mud cake, 17, 19, 32, 80

mud filtrate, 16, 18, 38

mud logs, 13, 13f, 26

multiple completion, 47, 52, 52f, 69
multiple flow paths, 47, 54

NI

multiple-zone conventional systems@

O
natural gas, 2, 7, 40 \
negative-pressure perforaging;
neutral-set packers, 60

neutron log, 21
nitrogen, 32, 40, \

nuclear logsg22¢22
offshorestests, 37
ffsh s, 64

1 and gas separator, 37

o
ers, 19
3 d gas fields/shows, 12, 29
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oil flow rate, 40

oil meter, 40

oil residue, 13

oil-based well stimulation, 79
oil-shale yield, 21

oil-water contact, 35

INDEX

older wells, 8

open-hole completion, 43, 44, 44f, 54 ’\\Q

open-hole logs, 14, 41. See also wireline well logs

open-hole wells, 27, 36 6
organic theory of oil and gas, 3 0
oriented perforating, 53 ?\
orifice plate, 40 \

oxygen, 21 @-

packer, 50, 51f @6
packer seal, setting, 33 +

packing elements, for productio ers, 58, 58,
59f, 81 &]
parallel-string completiwo, f

particles, 4

pay sands, 12 0

pay zones, 11, ,26,29,62
perforated cor ionh, 43, 44, 451, 54
perforati

eaglyfeghniques in, 73
¢ @nc line conveyed perforating guns, 76
\oa steps of, 80-83
ydraulic jet, 78
jet, 74-75, 74f; 83
procedures for, 76-77
stimulation techniques, 78-79
time of, 81, 83
tubing-conveyed guns, 77
perforating unbalanced, 77
perforation fluid, 38
perforations
cementing and, 43
debris from, 38
in a perforated completion, 45
testing through, 27
permanent packers, 61, 61f, 72, 81
permeability
estimating through a DST, 34, 35
estimating through coring samples, 16
estimating with a wireline formation test, 29
formation testing and, 27
overview of, 5-6, 9
of a reservoir, 2
resistivity logs and, 20f’
variations in, 6¢
petroleum reservoir, 9, 73
photoelectric effect, 22
photoelectric effect (Pe), 22
pinch out, 35
pipe strings, 56

117



Q}@
%

TESTING AND COMPLETING

pit, 37

plunger-lift device, 46-47

polished bore receptacle (PBR), 61

pore connections, 5, 6

pores, 5, 7

porosity
calculating through density logs, 21
calculating with a resistivity log, 19, 20f
estimating through coring samples, 16
estimating through magnetic resonance logs, 23
need for along with permeability, 5
overview of, 4, 9
as a reservoir characteristic, 2
resistivity logs and, 19
variations in, 6¢

potential of a well, 53, 54

pressure
casing and tubing heads rated by, 68
cleaning a well and, 77
estimating through a DST, 34, 35
in the formation, 42
heading and, 58
hold-down buttons and, 59
jet perforating and, 74
measuring with a wireline formation test, 28
obtaining data on with a drill-stem test, 32
in an open-hole completion, 44

quartz, 6 ) Q
radioactive elements, 16, 21, 22 6\§

radioactivity logs, 21-22, 22f

radius of investigation, 35

RDX, 75 ?‘
recompletion, 53, 54

recordings, 35 @.\'

records. See also wireline well logs
driller’s logs, 12 6

initial shut-in pressure, 38 ‘ @'

mud logs, 13

of nearby wells, 12, 16, 2
refinery process, 41 &
regulations and laws, 4%7, 58,73

relative permeabilityQ

relative permeability tefeservoir fluids, 2
reserves, 40‘%

reservoir, 2 \

reservol @s, 2,8,43,47. See also fluids

essure. See pressure
ir rock types, 2-4, 2, 9
ivity logs, 19, 20f, 22f

retrievable packers, 60, 72

00 ievable guns, 76

production packers and, 57 @

of a reservoir, 8

as a reservoir characteristic, 2, 10 Q
Is an

running and setting perforating too 81
thief zones, 58
tubing and, 56 Q
wireline formation tests arf @
pressure behavior plots, 34@ 5,40
pressure gauge, 67f

pressure recorders, Y42
pressure-depleti )35

primary poreSity,
producing% 5,44, 46, 47, 49-50, 58
productien casing, 46, 52, 67f
prod@efﬁciency, 58
p ion maintenance, 53, 54
@n ction packers
aximum run-in speed, 81
overview of, 57-60, 58f, 72
running and setting perforating tools and, 83
testing, 81, 83
progressing cavity pumping, 70, 71
propane, 8
pump rates, 56
pumping methods, 46
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reverse-balloon, 56

reverse-pressure perforating, 77

rivers and streams, leaching inorganic compounds, 3
rock type, 21

routine well service, 53, 54

run-in speed, maximum, 81

safety, 53, 79, 80. See also subsurface safety valves
salt content, 18, 21, 35, 46
salt water, 7, 57
sand
abrasion from, 66
erosion and, 46, 57, 65
identifying with a photoelectric curve, 22
open-hole completion and, 44, 45
permeability in, 5
porosity in, 4
sizes in, 79
wells producing high amounts of, 71
sand proponents, 78, 79
sanding off, 57
sandlines, 45
sandstone, 2f; 3,4, 5
saturation
analyzing through a DST, 35
estimating through magnetic resonance logs, 23
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gamma ray logs and, 21
overview of, 7
as a reservoir characteristic, 2, 10
resistivity logs and, 19
screen liners, 45, 57, 66
sea life/water, 3,7, 9
seal-bore assemblies, 61
seating/landing nipples, 62, 62f; 63, 66f, 72
secondary porosity, 4, 9
secondary recovery operations, 14
sediment, 45, 57, 65
sediment and water (S&W), 41
sedimentary rocks, 2, 2f; 3,9
seismic surveys, 11, 12f; 25
semipermanent packers, 61, 72
separator, 36, 37f, 38
shale, 2f; 3, 6, 22, 23
shallow wells, 53, 54, 71
shaped perforating charge case, 75, 75, 76
shifting tool, 62
shut-in periods, 33, 35, 42, 46, 56
shut-in pressure, 29, 38, 39
sidewall cores, 15, 15f, 16, 26
silicon, 21
single flow paths, 46, 54
single-packer DST tool, 30-31, 30f, 42

single-string dual completion, 49-50, 49f, 5 @
k

sliding sleeves, 62, 63f, 72
sniffer, 13

gamma ray, 21 gg‘ Z

fic gravity, 40, 41

static gas pressure, 40
stock tank measurement, 41

single-zone completion with tubing and pc
4

slips, for production packers, §8—6 , 591, 60, 81
solution gas, 7

for resistivigy 1588;

typical loggifg min, 24, 24f

for a wizelinéormation test, 28

ontaneous potential logs (SP), 18, 18, 21, 22f
steam floods, 45
storage tank, 38

b

48f

smokeless burners, 37 \

sonde Q
wire@ll logs, 16, 17f

standing valves, 63

stimulation techniques, 5, 44, 56, 78-79, 83

INDEX

storm chokes, 64

straddle-packer DST tool, 30-31, 30f; 42
stripper rubber, 80

subsurface safety valves, 64, 64f; 72. See also safety
sucker-rod pumping, 56, 70
surface casing, 67f

surface controller, 47
surface safety valves, 36

surface test tree, 36, 37/, 40 Z

surface well tests 6
compared to drill-stem tests, 36 i @'

\\?’;\5(\
W
N\

equipment for, 36-38

interpretation of results, &@

overview of, 42
procedures for, 38—39&
usefulness of, 41

swabbing, 46, 57,72, Q
sweet wells, 8
Systéme Inte‘mkxm

tank, 3 % 8

tank , 82
t ature, 2, 8, 10, 32, 40
tepsile strength, 55, 71

nsion packers, 60, 60f; 81
thickness, net, 7, 10
thief zones, 58
tools. See equipment
tortuosity, 5, 6
tubing
as a completion tool, 71
packers diverting pressure to, 57
in a parallel-string completion, 50, 51f
in production packers, 60
protecting from erosion, 65, 66f
for a single path, 46
strength rating of, 55-56
in the wellhead component, 67f
tubing anchor, 56
tubing connection, 56, 71
tubing hanger, 67f, 68, 72
tubing head, 67f, 68, 72
tubing head swivel, 36, 37f
tubing movement, 56, 72
tubing pressure, 40
tubing seal assemblies, 61
tubing strength, 56, 71
tubing string, 46, 62, 65
tubing test string, 36
tubing-conveyed perforating guns, 77
tubingless completion, 53, 54

(SI) d’Unités, 5
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tubing-mounted, 64
tubular, 67

unit rock volume, 5

valves
check, 63, 63f, 72
master, 64, 67f
safety, 64, 64f, 72
standing, 63
viscosity, 35
volume of petroleum, estimating, 11
vugs, 4, 6

wastewater disposal system, 37
water
in a completion fluid, 76
flow rate, 40
methane dissolved into, 3, 9
perforated completions and, 44
resistivity logs and, 19
water based stimulation fluid, 78-79
water fracs, 78, 83
water reservoirs, 44
water saturation, 7
water-base acid, 78, 79, 83
water-base gel, 78-79, 83 @
well bailings, sampling, 11

well completion methods. See complet@

well logs, 24, 27

well productivity, 34, 35 Q’

well service, 69

wellbore ‘\O
cleaning out, 45

distance from that d s true, 35
measuring diamet ith a caliper, 17
perforated co s and, 44
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small, 36
wellbore annulus. See casing-tubing annulus
wellbore conditioning, 32, 42, 80
wellhead pressure, 40
wellheads, 67-71, 67f, 72
wells, 16
cleaning up, 82
dying off, 46, 57, 72

flanging up, 82
putting into production, 82 6
records from nearby, 12, 16, 25 @

routine service of, 53, 54

specific gravity, 41 @
well-test reports, 39, 39/,

whole cores, 14

wing, 67f, 69 \

wiper plug, displ cin@)

wireline. See ctor line

wireline formatign fest, 28-29, 28, 42
wireline %, i!l-

wirelj {c rders, 40

wi ell logs. See also open-hole logs; records
‘ Qustic logs, 23

Q aliper logs, 17
gamma ray log, 21

magnetic resonance logs, 23, 23f
overview of, 16-17, 17f; 26
radioactivity logs, 21-22
resistivity logs, 19, 20f
spontaneous potential logs (SP), 18, 18f
usefulness of, 41
wireline-retrievable tool, 64, 66f
workover, 53, 54, 69

Y-sub, 50, 50f

zone isolation, 58, 62, 73
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